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THE ORIGINATOR of this now famous book, 
which has reached its one hundred and 
twenty-fifth year of continuous publication 
in America, was born in Windsor, England, 
in 1825. A letter written to Lea & Febiger, by 
Henry Gray's great nephew, F. Lawrence 
Gray, has supplied this date as well as some 
interesting biographical information. 

Henry's father, William Gray, was born in 
1787. He is reported to have been an only 
child. Whether for protection or from spe- 
cial interest, he was placed in the royal 
household where he was brought up. In 
1811, before the Regency, and while he was 
in his twenties, he was Deputy Treasurer to 
the Household of the Prince of Wales. On the 
accession of George IV as Regent in 1820, 
William Gray became the King’s private 
messenger and continued in this capacity, 
with William IV, until his death at the age of 
forty-seven. He married Ann Walker in 1817 
and during George IV’s reign lived at Wind- 
sor Castle in accommodations provided for 
him and his wife. When William IV acceded 
to the throne in 1830, the Grays moved to 
London in order to be near Buckingham Pal- 
ace, and either immediately or soon after 
that No. 8 Wilton Street became the family 
residence. 

Henry Gray had two brothers and one 
sister. His younger brother, Robert, trained 
to become a naval surgeon. He died at sea 
in his twenty-second year. Henry’s sister, 
younger than he, apparently never was mar- 
ried. His older brother, Thomas William, 
adopted the legal profession, and was Attor- 


ney to the Queen’s Bench in 1841, and, in 
1846, Solicitor of the High Court of Chan- 
cery. He had a large family—seven sons and 
three daughters. His third son, Charles, the 
nephew whom Henry treated for smallpox 
in 1861, lived to the ripe age of fifty-three. 
His fifth son, Frederick, moved to South Af- 
rica, married in 1881 and had six children, 
one of whom was the F. Lawrence Gray 
mentioned above. 

After his father’s death in 1834, Henry 
Gray continued living at 8 Wilton Street 
with his mother, brothers and sister. This is 
undoubtedly the address from which he 
later carried on his short practice and the 
place where he wrote his famous book. He 
and his brothers were educated at one of the 
large London schools, possibly Westminster, 
Charterhouse, or St. Paul’s. He was engaged 
to be married at the time of his death. 

Henry Gray's signature appears on the 
pupil’s book at St. George’s Hospital, Lon- 
don, as a ‘perpetual student” entering on the 
6th of May, 1845. Four years later, in 1849, 
his name appears in the Proceedings of the 
Royal Society with the M.R.C.S. after it, the 
approximate equivalent of our M.D. While 
still a student in 1848, he won the triennial 
prize of the Royal College of Surgeons for an 
essay entitled “The Origin, Connections and 
Distribution of the Nerves to the Human Eye 
and Its Appendages, Illustrated by Compara- 
tive Dissections of the Eye in Other Verte- 
brate Animals.” He was appointed for the 
customary year as house surgeon to St. 
George’s Hospital in 1850. Successively 
thereafter he held the posts of demonstrator 
of anatomy, curator of the museum, and lec- 
turer on anatomy at St. George's Hospital. In 
1861 he was surgeon to St. James Infirmary 
and was a candidate for the post of assistant 
surgeon to St. George's Hospital and would 
certainly have been elected had he not died 
from confluent smallpox which he con- 
tracted from his nephew, Charles, whom he 
was treating. He was buried at Highgate 
Cemetery in June 1861. Sir Benjamin Brodie, 
president of the Royal Society, wrote, “] am 
much grieved about poor Gray. His death, 
just as he was on the point of obtaining the 
reward of his labors, is a sad event indeed 
... Gray is a great loss to the hospital and 
school. Who is there to take his place?” 

During his lifetime Henry Gray received 
outstanding recognition for his original in- 
vestigations. That they have received so lit- 
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tle mention since his death is as surprising as 
the lack of information about his life. The 
study of the eye which won him the Royal 
College of Surgeons prize was expanded 
into an embryological work, “On the devel- 
opment of the retina and optic nerve, and of 
the membranous labyrinth and auditory 
nerve,’ published in the Philosophical 
Transactions of the Royal Society in 1850. It 
contains the earliest description of the histo- 
genesis of the retina. Two years later the 
Transactions contained another article, “On 
the development of the ductless glands in 
the chick.’ This must have stimulated Gray's 
interest in the spleen, which he classed as a 
ductless gland, because he obtained an allot- 
ment of funds for further study from the 
annual grant placed at the disposal of the 
Royal Society by Parliament for the promo- 
tion of science. The result was a monograph 
of 380 pages, “On the Structure and Use of 
the Spleen,’ which won him the triennial 
Astley Cooper Prize of £300 (about $1,500.00) 
in 1853. It was published by J. W. Parker and 
Son in 1854, but appears now to be rare. 
Numerous “first observations” recorded in 
this book have escaped notice by all subse- 
quent authors writing about the spleen. Gray 
described, among other things, the origin of 
the spleen from the dorsal mesogastrium ten 
years before Miller, who is usually given 
credit for the discovery 

As a result of his ability and accomplish- 
ment, Henry Gray was made a Fellow of the 
Royal Society at the very young age of 
twenty-five. Besides anatomy, his interests 
also included pathologic and clinical inves- 
tigation. In 1853 he had a paper in the Med- 
ico-Chirurgical Proceedings entitled, “An 
Account of a Dissection of an Ovarian Cyst 
Which Contained Brain.” and in 1856 a more 
extensive treatise entitled, “On Myeloid and 
Myelo-Cystic Tumours of Bone; Their Struc- 
ture. Pathology, and Mode of Diagnosis.” 

His crowning achievement, however, and 
the one which is the source of his lasting 
fame is the publication, Anatomy, Descrip- 
tive and Surgical, now widely known as 
Gray's Anatomy. 


125 Years of Gray’s Anatomy 


The first edition of Gray’s Anatomy was 
published in London by J. W. Parker and Son 
in 1858 and in June of 1859 in Philadelphia 


by Blanchard and Lea, who purchased the 
American rights for the book. The American 
edition was identical with the English, ex- 
cept that many typographic errors had been 
corrected, the index considerably improved, 
and the binding made more rugged. It con- 
tained xxxii + 754 pages and 363 figures. 
The drawings were the work of Dr. H. Van 
Dyke Carter, of whom Gray writes in his 
preface, “The Author gratefully acknowl- 
edges the great services he has derived, in 
the execution of this work, from the assis- 
tance of his friend, Dr. H. V. Carter, late 
Demonstrator of Anatomy at St. George's 
Hospital. All the drawings, from which the 
engravings were made, were executed by 
him. In the majority of cases, they have been 
copied from, or corrected by, recent dissec- 
tions, made jointly by the Author and Dr. 
Carter.” 

Blanchard and Lea obtained the services 
of Dr. R. J. Dunglison to edit the first and the 
next four American editions. Dunglison Cor- 
rected the typographic and other small er- 
rors and improved the index but made few 
alterations or additions in the text. Almost 
no adaptation was required because medical 
education in this country and in England 
were still much alike. 

Henry Gray had just finished preparing 
the second edition before his untimely 
death. This was published in 1860 in Eng- 
land and in 1862 in this country under the 
editorship of Dunglison. The next edition 
published in America was a “New American 
from the 5th English Edition.” This appeared 
in 1870 and was bound in either cloth or 
sheep. Another pause, and there appeared 
the “New American from the 8th English” in 
1878, and “The New American from the 10th 
English” in 1883. Dunglison was again the 
editor, but a new editor, W. W. Keen, revised 
extensively the section of topographic anat- 
omy at the end of the book. The following 
edition, a ‘New American from the Eleventh 
English,” published in 1887, was edited and 
thoroughly revised by W. W. Keen. Color 
was used for the first time in the chapters on 
blood vessels and nerves. The “New Ameri- 
can from the Thirteenth English” appeared 
in 1893, apparently edited by Keen and 
others. 

In 1896 the reference to the English edition 
was dropped and we have the fourteenth 
edition with the editors Bern B. Gallaudet, 
F. J. Brockway, and J. P. McMurrich. J. C. 


DaCosta, editor of the sixteenth edition in 
1905, expanded the book, introducing much 
new material. E. A. Spitzka assisted DaCosta 
with the seventeenth edition in 1908 and 
edited the next two alone in 1910 and 1913. 
The publishers also tried a “New American 
from the Eighteenth English Edition” in 
1913, but its sale was much smaller than that 
of the American edition of that year. In 1918, 
W. H. Lewis began his editorship, giving the 
book a scholarly treatment, reducing its 
length, improving the sections on embryol- 
ogy, and generally giving a more straightfor- 
ward treatment of the various chapters. For 
his last edition, the twenty-fourth, published 
in 1942, he had the assistance of six associate 
editors. 

Beginning with the twentieth edition in 
1918, new editions appeared at regular inter- 
vals of six years; their dates and the names 
of the editors are listed on page vi. Dr. 
Charles Mayo Goss became responsible for 
the twenty-fifth through the twenty-ninth 
American Editions, these being spaced at 
five- to seven-year intervals. The twenty- 


seventh Edition was published in 1959 in 
order to have its publication fall on the 100th 
year. 

Since the beginning of this century, the 
American and English editions have tended 
to drift apart. Even from an early date, new 
American editions were less frequent than 
the English, and if the American editions 
had been numbered independently from the 
beginning, the present edition would be the 
twenty-fifth, whereas the current English 
edition is the thirty-sixth. Somewhat more of 
the imprint of Henry Gray has been pre- 
served in this American edition, in the illus- 
trations especially, as it still has nearly 200 
drawings based on the original illustrations 
by Carter. This treatise, offered initially by a 
young English anatomist and surgeon, is the 
oldest continuously revised textbook still 
currently in use by the medical professions. 
After one hundred and twenty-five years, 
this enduring recognition is a tribute that, 
perhaps, even Henry Gray may not have 
conceived would happen. 





Preface 


When I was asked to consider the prepara- 
tion of this 30th American Edition of Gray’s 
Anatomy, I spent an afternoon with Dr. 
Charles Mayo Goss at his home near Wash- 
ington, D.C. Dr. Goss, who was affectionately 
known as “Chiz”’ by his many friends, had 
edited the five previous editions and had for 
the preceding three decades masterfully suc- 
ceeded in retaining both the effectiveness 
and popularity of the book to students and 
practitioners of the medical, dental and 
other allied health professions. Dr. Goss 
warmly encouraged me to assume the re- 
sponsibility for this 30th edition and recom- 
mended that I attempt to retain the classical 
tradition and style of the book, even if I 
planned, as he thought was necessary, a 
major revision of the text and figures. Chiz’s 
twinkling smile should have alerted me to 
the enormous task that I was considering. 
Sadly, Dr. Goss’s death in 1981 came about 
two years after I commenced serious work 
on this project, and I never had a further 
opportunity to benefit from his wisdom. 
Eleven years have elapsed since the 29th 
American Edition appeared in 1973. Recog- 
nizing the special regard held for this book 
by generations of American anatomists, I felt 
that it was of special importance for me to 
understand the views held by many of my 
esteemed colleagues in the United States and 
Canada about the current usefulness of the 
book and how it might be altered or im- 
proved. Many informal discussions almost 
invariably pointed to the lasting value of 
having available for student and _ profes- 


sional use a comprehensive anatomic trea- 
tise that is organized by systems. Many valu- 
able suggestions from these conversations 
have been incorporated in this edition and 
my appreciation is extended to my many 
friends for their interest and their patience 
with my many questions. 

Nearly two thirds of the chapters in this 
edition have been thoroughly revised and 
the remainder have been edited. The chapter 
on Developmental and Gross Anatomy of 
the Central Nervous System has virtually 
been rewritten as have extensive sections in 
at least ten other chapters. Many hundreds 
of new paragraphs and pages have replaced 
those of the 29th edition and, thus, numerous 
subjects have received some expanded at- 
tention and updating. To list them all here 
would not be appropriate, but a few of these 
are: certain aspects of the new cellular biol- 
ogy and embryology; the physical features 
and properties of bone and its formation; the 
development, classification and movement 
of joints; the form, attachment and actions of 
muscles, as well as the structure of skeletal 
and cardiac muscle; the vascular supply to 
the central nervous system; and the develop- 
ment of veins and lymphatics. Certainly, due 
to time limitations, many subjects did not get 
the attention they deserved, and thus, much 
still needs to be done in subsequent editions. 
Because the value of this book is essentially 
its information on the gross anatomy of the 
human body, it was not the intention of the 
editor to offer the reader comprehensive 
treatments in the fields of embryology, mi- 
croscopic anatomy, physiology, and neuro- 
science. Excellent texts written by scholars 
expert in these subjects already exist, and to 
recount detailed features of their disciplines 
here is unnecessary and would have been 
presumptuous. 

I have attempted to retain the classical 
style of the text, long considered one of the 
most elegant examples of descriptive scien- 
tific literature. In the extensively revised 
chapters, however, few paragraphs remain 
totally intact. I have tried to match the new 
with the old, to simplify some of the more 
complex sentence structure in order to clar- 
ify meaning, and to maintain a uniformity of 
prose. I hope that at least to some extent this 
effort has been successful. 

A nearly complete change has been intro- 
duced in the headings within the chapters, 
yet the chapter subjects remain the same. 
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Using color print for various headings and 
subheadings will make it easier to find perti- 
nent information on structures that in the 
past had to be identified by bold print within 
the paragraphs. In this respect, the student 
who must study and the practitioner who 
more quickly seeks information may both 
find the format of this edition beneficial. 
Additionally, the entire text has been reset 
and hundreds of more modern references 
and others that have proved valuable over 
time have been added to the reference lists 
at the end of each chapter. Many citations, in 
addition to those used in the text, have been 
made available for readers who require 
more knowledge than this book attempts to 
offer. 

A significant number of new figures, never 
before published, have been introduced into 
this edition, along with numerous others 
borrowed from various sources. Many of the 
latter have come from original journal arti- 
cles. The labels on most of the figures have 
been replaced with type that is easier to 
read. Certain older, less effective figures 
have either been eliminated or replaced by 
drawings that illustrate more clearly the 
subject matter. I believe the publishers 
should be commended for having done an 
excellent job in abiding by the principle to 
modernize the information and format and 
yet retain the classical look of this oldest 
(now 125 years), continuously used textbook 
in biomedical science. 

Grateful acknowledgment must go to the 
many friends and colleagues who have con- 
tributed to this new edition, and my heartfelt 
appreciation is extended to so many authors 
and publishers who have allowed the repro- 
duction of figures from their works or copy- 
righted properties. Especially mentioned, 
however, should be Professors Helmut 
Ferner and Jochen Staubesand, editors of 
Benninghoff and Goerttler’s Lehrbuch der 
Anatomie des Menschen, published by 
Urban and Schwarzenberg in Munich, from 
which a considerable number of figures 


were taken. Along the way, | have benefited 
greatly from the advice, suggestions, or con- 
tributions on one subject or another from 
Professors Leslie B. Arey, Malcolm B. Car- 
penter, James D. Collins, Jack Davies, 
George E. Erikson, Fakhry G. Girgis, 
W. Henry Hollinshead, Lawrence Kruger, 
Lee V. Leak, Raymond J. Last, David S. Max- 
well, Keith L. Moore, Charles R. Noback, 
Keith R. Porter, Nabil N. Rizk, Charles 
H. Sawyer, William F. Windle, Luciano 
Zamboni, and the late Elizabeth C. Crosby 
and Jan Langman. 

Many others, as well, have contributed 
greatly to the work of this revision. Among 
those who deserve special mention and 
much praise are Jill Penkhus, who created 
much of the new artwork for this edition; Dr. 
Charles F. Bridgman, who allowed the use of 
several of his drawings made of brain dis- 
sections prepared by the late Professor A. T. 
Rasmussen; Thomas Colaiezzi, at Lea & Feb- 
iger, who handled production; Howard N. 
King, who designed this new edition; Anne 
Cope who prepared the index; Dr. Caroline 
Belz Caloyeras, whose dedicated assistance 
with typing and editing was absolutely es- 
sential for this book to have appeared; and 
Dorothy Di Rienzi and, earlier, Mary Mansor 
of Lea & Febiger, who copy-edited all of the 
chapters. My appreciation also is extended 
to John F. Spahr and George Mundorff of 
Lea & Febiger who suggested that I under- 
take the work on this edition and then pa- 
tiently waited for its completion. 

Most importantly, | wish to offer my grati- 
tude to Julie, my wife, who through the years 
has made her special contributions to what- 
ever work | have undertaken. Her hearten- 
ing and unfailing encouragement to me and 
her belief in the fundamental objectives of 
education have been my inspiration and 
have lightened the thousands of hours spent 
on this book. 


CARMINE JD). CLEMENTE 
Los Angeles, California 
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In ancient Greece, at the time of Hippocra- 
tes (460 B.C.), the word anatomy, Avatouy, meant 
a dissection, from toy, a cutting, and the 
prefix dveé, meaning up. Today anatomy is still 
closely associated in our minds with the dis- 
section of a human cadaver, but the term 
was extended very early to include the 
whole field of knowledge dealing with the 
structure of living things. 

The history of anatomy is one of the most 
exciting sagas in the ascent of human civili- 
zation. Since the subject deals with the 
structure of the body, it has lured some of 
the greatest minds not only to contemplate 
the nature of man, but to discover first hand 
by the method of dissection how the human 
being is put together. However, religious and 
other social pressures and taboos over the 
centuries made dissection of the human Ca- 
daver frequently a dangerous and secret ac- 
tivity. The study of the structure of the 
human body was the first of the medical sci- 
ences, and from it have derived all the rest. 
Even before human dissection was practiced 
by Herophilos and Erasistratos (300-250 
B.C.), Aristotle (384-323 B.c.) dissected ani- 
mals, wrote a treatise on their anatomy, and 
laid the groundwork for a scientific study of 
their form and structure. 

Today it is considered that the greatest 
contributor to the subject matter of human 
anatomy was a young Flemish physician 
from Brussels who worked in Padua, Italy 
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Fic. 1-1. Andreas Vesalius (1514-1564). This figure was 
copied from the second edition of Vesalius’ De Humani 
Corporis Fabrica, published in 1555. Having also ap- 
peared in the first edition (1543), it illustrates Vesalius 
during his late twenties and is still the only authenti- 
cated portrait of him known to exist. 


during the height of the Renaissance. In 
1542, at the age of 28, Andreas Vesalius, 
breaking boldly from the millennia and the 
prevailing traditions of Galen, published his 
great treatise De Humani Corporis Fabrica 
(Fig. 1-1). His work was so impressive and 
accurate that his books became the principal 
texts used by students of medicine for the 
next 200 years. Vesalius had substituted ob- 
servation by dissection for authoritarianism, 
thereby grounding his findings on a scientific 
basis. Anatomy has therefore become the 
branch of knowledge concerned with struc- 
ture or morphology. Our fund of anatomical 
information has been increased greatly dur- 
ing the last three or four centuries by the 
study of minute structure with the micro- 
scope, by following the development of the 
embryo, and by the addition of new and re- 
fined technical methods. The whole field of 
anatomy has become very large, and as a re- 
sult a number of subdivisions of the subject 
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have been recognized and named, usually to 
correspond with a specialized interest or 
avenue of approach. 

Gross anatomy is the study of morphol- 
ogy, by means of dissection, with the un- 
aided eye or with low magnification such as 
that provided by a hand lens. The study of 
the structure of organs is organology. The 
study of the tissues is histology. 

Microscopic anatomy is the study of struc- 
ture with the aid of a microscope, and since 
it deals largely with the tissues, it is often 
called histology. Microscopic anatomy has 
another branch, the study of the cell, or cy- 
tology. An enormous increase in research 
into the finer structure of the cell has taken 
place in recent years, due to the adaptation 
of the electron microscope to the observa- 
tion of ultrathin sections of the tissues. 

Embryology or developmental anatomy 
deals with the growth and differentiation of 
the organism from the single-celled ovum to 
birth. These processes of development and 
maturation are also called ontogeny. It is 
impossible to understand clearly all the 
structures found in the adult body without 
some knowledge of embryology. Since 
human embryos, particularly the younger 
stages, are difficult to obtain for study, a 
large part of our knowledge has been gained 
from animals, that is, from comparative 
embryology. The second chapter in this 
book is devoted to a brief summary of 
human embryology. The development of 
each system is outlined in the appropriate 
chapters and sections. 

Comparative anatomy refers to the study 
of the structure of all living creatures, in 
contradistinction to human anatomy which 
refers only to man. A comparison of all the 
known animal forms, both living and fossil, 
indicates that they can be arranged in a scale 
which begins with the simplest forms and 
progresses through various gradations of 
complexity and specialization to the most 
highly evolved forms. The unfolding of a 
particular race or species is called phylog- 
eny. Many of the earlier stages of develop- 
ment in man and other higher animals re- 
semble the adult stages of animals lower in 
the scale; hence it has been said that ontog- 
eny repeats phylogeny. The study of com- 
parative anatomy has contributed vitally to 
the understanding of human anatomy and 


physiology. 


Terms of Position and 
Direction (Fig. 1-2) 


THE ANATOMICAL POSITION. The traditional 
anatomical position, which has been arbi- 
trarily accepted, places the body in the erect 
posture with the feet together, the arms 
hanging at the sides, and the thumbs point- 
ing away from the body. This position is 
used in giving topographic relationships, 
especially those which are medial and lat- 
eral in reference to the limbs. The muscle 
actions and motions at the joints are also 
given with reference to this position unless it 
is stated otherwise. It is particularly impor- 
tant that the anatomical position be remem- 
bered in descriptions using anterior and pos- 
terior, or the more general and ambiguous 
terms such as up, down, over, under, below, 
and above. 

The median plane is a vertical plane that 
divides the body into right and left halves; it 
passes approximately through the sagittal 
suture of the skull, and therefore any plane 
parallel to it is called a sagittal plane. Fron- 
tal planes are also vertical, but they course 
at right angles to the sagittal planes. Since 
one frontal plane passes approximately 
through the coronal suture of the skull, they 
are also called coronal planes. Transverse or 
horizontal planes cut across the body at 
right angles to both sagittal and frontal 
planes. 

Ventral and dorsal refer to the front and 
back of the body, and are synonymous with 
anterior and posterior. The use of these 
terms in courses of comparative anatomy 
may lead to some confusion for the student 
of human anatomy, since man’s posture is 
erect. In the hands, palmar or volar is substi- 
tuted for ventral or anterior. The sole of the 
foot is called plantar, while dorsal is re- 
tained for the top or opposite surface of both 
the hand and foot. 

Cranial and caudal indicate the head and 
tail respectively, and are synonymous with 
superior and inferior when human subjects 
are in the anatomical position. In compara- 
tive anatomy the latter terms might be con- 
fused with dorsal and ventral when referring 
to four-footed beasts. 

Median refers to structures along the mid- 
line or median sagittal plane of the trunk or 
boesver 
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Fic. 1-2. Diagrams illustrating the planes of the body and the terms of position and direction. 
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Medial and lateral refer to structures 
nearer or farther away from the median 
plane. It should be noted that the Latin word 
‘medius” means middle, not medial. The 
Latin word for medial is “medialis.” 

Superficial and deep indicate the relative 
depth from the surface, and are preferable to 
over and under, and above or below, since 
the latter may be confused with superior and 
inferior. 

Proximal and distal indicate a direction 
toward or away from the attached end of a 
limb, the origin of a structure, or the center 
of the body. Proximal refers to a structure 
closer to the center of the body, while distal 
refers to a structure farther from the body 
elidel 

External and internal are most commonly 
used for describing the body wall, or the 
walls of cavities and hollow viscera. At 
times these terms may be synonymous with 
superficial and deep, or even with lateral 
and medial. 


Terms for Movements at 
Joints (Fig. 1-2) 


Flexion is that action which approximates 
two parts of the body connected at a joint. 
Flexion of the forearm at the elbow joint 
approximates the forearm to the arm; flexion 
of the calf at the knee joint approximates the 
calf to the posterior thigh. Extension is the 
act of straightening a limb, thereby dimin- 
ishing the angle formed by flexion. Thus, 
straightening the flexed forearm at the elbow 
joint is an example of extension. Flexion and 
extension are, therefore, antagonistic ac- 
tions. Abduction is the movement of a limb 
or other structure away from the middle 
line. Elevating an upper limb from the ana- 
tomical position at the side of the trunk to 
any point more lateral is an example of ab- 
duction. The opposite action, i.e., returning 
the abducted limb toward the midline is 
called adduction. The movements of flexion, 
extension, abduction, and adduction may be 
sequentially performed in a manner by 
which the end of a limb describes a circle or 
a cone; this is called circumduction. 

Pronation is that movement of the forearm 
by which the palm of the hand is rotated to a 
backward position when the upper extrem- 
ity hangs by the side of the body in the ana- 
tomical position. The pronated hand will 


rest palm down on the surface of the table. 
Supination is the opposite, i.e., the rotation 
of the hand so that the palm faces forward in 
the anatomical position. The supinated hand 
rests with its palmar surface upward on a 
table surface. Rotation is a revolving or 
turning movement of a limb or other struc- 
ture, such as the back or head, around its 
long axis. Both medial and lateral rotation 
are commonly observed at the shoulder and 
hip joints. Protraction is the forward move- 
ment of a body part such as the jaw or 
shoulder. Retraction is the opposite, i.e., the 
backward movement of these structures. 
Eversion is the outward rotation of the sole 
(plantar surface) of the foot so that it faces 
laterally. Oppositely, inversion is the inward 
rotation of the sole of the foot resulting in 
the plantar surface facing medially. 


Nomenclature 


Although the majority of the common 
anatomical names are derived from those 
used by the ancient Greeks, considerable 
disagreement and confusion have arisen 
because of conflicting loyalties to teachers, 
schools, or national traditions. Shortly be- 
fore the end of the 19th century, however, 
the need for a comprehensive system of 
nomenclature was realized, and a commis- 
sion of eminent authorities from various 
countries was organized for this purpose. 
The system devised by this commission was 
adopted by the German Anatomical Society 
in 1895 at its meeting in Basel, Switzerland, 
and it has since been called the Basle 
Nomina Anatomica or the BNA (His, 1895). 

The BNA gives the names in Latin, and 
many nations, including the United States, 
and Great Britain, adopted it, translating the 
terms into their own language whenever 
desirable. The French anatomists, however, 
did not entertain this nomenclature with 
much enthusiasm, preferring their own quite 
ancient tradition. The British anatomists 
gradually found certain inaccuracies and 
inconsistencies with their time-honored tra- 
dition which favored human anatomy re- 
lated to the arbitrary “anatomical position.” 
They broke away from the BNA and adopted 
their own revision in 1933 which they called 
the Birmingham Revision or BR. Even the 
German anatomists became restless under 
the restrictions of the BNA adoption of the 


“anatomical position” and preferred an at- 
tempt to establish a scientific language ap- 
plicable to the comparative anatomy of ver- 
tebrates as well as to human anatomy. In 
1937 the Anatomische Gesellschaft met in 
Jena and adopted a revision that is known as 
the Jena Nomina Anatomica or INA. The 
anatomists of the United States remained 
faithful to the BNA. 

At the Fifth International Congress of 
Anatomists held at Oxford in 1950 a com- 
mittee was appointed to attempt a new revi- 
sion of anatomical names. This International 
Nomenclature Committee met at Paris in 
July 1955, and approved the Paris Nomina 
Anatomica or PNA. 

This book utilizes the terms designated in 
the PNA except in a few instances where it 
has been abandoned deliberately in the in- 
terests of clarity. Since Latin is less familiar 
to students today than in the past, names are 
usually given in English with the official 
Latin name at times italicized in parentheses. 
Other recognized names are also added in 
parentheses. 

Anatomical eponyms, that is, designations 
by the names of persons, are popular among 
clinicians and specialists. Many eponyms 
have been added to the other names in pa- 
rentheses in order to expose the student to 
terms commonly used in clinical medicine. 


Approaches to the Study 
of Anatomy 


Human anatomy may be presented from at 
least three points of view: (1) descriptive or 
systemic anatomy, (2) regional or topo- 
graphical anatomy, and (3) applied or practi- 
cal anatomy. This book is primarily con- 
cerned with systemic anatomy, but regional 
and applied anatomy are introduced when 
their use facilitates communication. 

SYSTEMIC ANATOMY. The body is com- 
posed of a number of systems whose parts 
are related by physiological as well as ana- 
tomical considerations. Each system is com- 
posed of several organs or tissues whose 
combined functions serve the body 
uniquely. Thus, although the anatomy of the 
oral cavity is remarkably different from that 
of the stomach or duodenum, these organs 
are presented in the same section because 
they all contribute to the functions of the 
digestive system. Although the study of 
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anatomy is concerned primarily with mor- 
phology, the knowledge of structure be- 
comes more understandable and of practical 
value if the close association between struc- 
ture and function is continually considered. 

The systems of the body are as follows: 

The skeletal system, the study of which is 
called osteology, consists of bones and carti- 
lage. Its function is to support and protect 
the soft parts of the body. 

The system of joints or articulations (ar- 
thrology) allows for the movement of bones 
while they are held together by strong 
fibrous bands, the ligaments. 

The muscular system (myology) forms the 
fleshy parts of the body and is responsible 
for the purposeful movements of the bones 
at the joints. 

The vascular system (angiology) includes 
the circulatory system consisting of the heart 
and blood vessels and the lymphatic system 
which transports the lymph and tissue fluids. 

The nervous system (neurology) includes 
the central nervous system, composed of the 
brain and spinal cord, the peripheral nerv- 
ous system, consisting of nerves and ganglia, 
and the sense organs, such as the eye and 
ear. The nervous system controls and coor- 
dinates all the other organs and structures, 
and relates the individual to his environ- 
ment. 

The integumentary system forms a protec- 
tive covering over the entire body and is 
composed of the skin, hair and nails. 

The alimentary system is composed of the 
food passages and the associated organs and 
glands of digestion. 

The respiratory system supplies the body 
with oxygen and eliminates the carbon di- 
oxide which results from the metabolic 
processes in the cells. It is composed of the 
air passages and lungs. 

The urogenital system includes the kid- 
neys and urinary passages and the reproduc- 
tive organs in both sexes. 

The endocrine system includes the thy- 
roid, suprarenal, pituitary, and other duct- 
less glands which control certain bodily 
functions by secreting hormones into the 
blood stream. 

Splanchnology is the term that applies to 
the study of all the internal organs, espe- 
cially those in the thorax and abdomen. 

An account of the anatomy of any system 
would be incomplete without consideration 
of the microscopic anatomy and embryology 
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of the organs in that system. Sections dealing 
with these fields are appropriately located in 
the text. 

TOPOGRAPHICAL OR REGIONAL ANATOMY. 
Regional anatomy deals with the structural 
relationships within the various parts of the 
body, e.g., the pectoral region or axilla. Stu- 
dents in the laboratory usually approach the 
subject of anatomy regionally because they 
dissect by regions rather than by systems. 
Although the acquisition and organization of 
anatomical knowledge are easier for begin- 
ners if followed by systems, students in the 
medical fields must continually be on the 
alert to learn the relationship of the various 
parts to each other and to the surface of the 
body, because the final purpose of their 
study is to visualize these relationships in 
living subjects. The recent introduction of 
new radiologic scanning techniques in the 
clinics has reemphasized the importance of 


human dissection and of learning anatomical 
relationships. In addition to the dissection of 
the body, the study of topographical anat- 
omy is carried out by the study of surface 
anatomy, cross sectional anatomy, and radi- 
ographic or x-ray anatomy. 

Applied anatomy has a number of subdi- 
visions, and is concerned with the practical 
application of anatomical knowledge in 
some clinical field or specialty. Surgical 
anatomy, pathological anatomy, and radio- 
logical anatomy are probably the largest 
fields. 

Physical anthropology is closely related to 
human anatomy because it relies heavily on 
anatomical studies and measurements of 
man and other primates. It is more broadly a 
subdivision of human biology with particu- 
lar emphasis on racial development, evolu- 
tion, genetics, and paleontology. 
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Cytology 
and 


Embryology 


The Cell 


The human body is composed of struc- 
tural units of protoplasm, called cells, which 
together with the intercellular material— 
especially plentiful in the bones, cartilages, 
tendons, and ligaments—form the tissues 
and organs. The individual cells are micro- 
scopic in size and occur in many gradations 
of shape and composition corresponding to 
their diversified functions (Figs. 2-1; 2-4). 
Every human being begins life as a single 
cell, the fertilized ovum. By the process of 
cell division there soon results a great in- 
crease in the number of cells. Additionally, 
by the processes of differentiation and me- 
tabolism, the tissues assume their varied 
functional states. All cells are composed of 
two parts: the outer soft, jelly-like cytoplasm 
surrounded by a limiting plasma membrane, 
and an inner nucleus composed of nucleo- 
plasm which is surrounded by a nuclear 
envelope. During the interval between peri- 
odic divisions of the cell, the nucleus is in a 


resting stage; during periods of division, the 
nucleus undergoes a series of changes called 
mitosis. 

The cytoplasm of a cell appears homoge- 
nous when seen with the light microscope, 
but in reality is very complex in structure. 
Within it are embedded many intracellular 
bodies and organelles (Fig. 2-1). Although 
most of these structures are recognizable 
with the light microscope, their finer details 
have only been seen through the higher 
magnifications of the electron microscope. 
Today it is appreciated that most cytoplas- 
mic organelles are composed of delicate 
lipid-protein membranes. The outer surface 
of the cell, the cell membrane (plasma mem- 
brane or plasmalemma), is frequently stud- 
ded with microvilli or cilia or other surface 
specializations. Generally considered to be 
composed of two layers of protein between 
which rests a molecular layer of lipid, the 
cell membrane, or unit membrane, as it is 
now frequently called, appears trilaminar in 
structure. Functionally, the membrane is a 
very important structure because it controls 
the exchange of materials between the cell 
and its environment by osmosis, phagocyto- 
sis, pinocytosis, secretion, and other phe- 
nomena. A specialized region of cytoplasm 
called the central body or centrosome with 
its tubular centrioles, not always visible with 
the light microscope, usually lies at one side 
of the nucleus near the central part of the 
cell. It serves as a dynamic center with other 
intracellular structures such as the Golgi 
complex arranged around it, and it is espe- 
cially important during cell division, as de- 
scribed on page 12. The mitochondria, visi- 
ble in living cells seen with the phase 
contrast microscope, appear in the form of 
threads, rodlets, and granules. They are 
likely to be destroyed by the action of lipid 
solvents during the preparation of routinely 
preserved and stained microscope slides. 
Their internal organization has been re- 
vealed by the electron microscope (Figs. 2-1; 
2-2). It has been demonstrated that mito- 
chondria are composed of two membranes. 
One, a continuous outer limiting membrane, 
surrounds a second inner membrane whose 
surface area is enlarged by a series of folds 
called cristae (Palade, 1952, 1953). By their 
isolation with differential centrifugation, 
mitochondria have been shown to contain 
important enzymes necessary for the meta- 
bolic processes of oxidative phosphoryla- 


7 





tion. The Golgi apparatus (also called Golgi 
bodies or complex; Fig. 2-1) can be demon- 
strated in nearly all cells by special methods 
of preparation, but is seldom identifiable in 
living cells. With the electron microscope it 
has been shown to include large and small 
vacuoles, granules, and membranes associ- 
ated with vesicles or clefts (Dalton and Felix, 
1954). The Golgi apparatus appears to be 
importantly related to secretory functions in 
many cell types. Protein synthesized in the 
endoplasmic reticulum appears to move into 
the Golgi apparatus where it is “packaged” 
with a membrane and then discharged as a 
vesicle. The Golgi apparatus also seems to 
play a role in the secretion of mucus, hor- 
mones, lysosomes, and various intracellular 
granules. Electron micrographic studies have 
also shown that within the cell’s cytoplasm 
can be found irregular networks of branch- 
ing tubules with membranous walls which 
have been called the endoplasmic reticulum 
(Figs. 2-1; 2-4). Two types of endoplasmic 
reticulum have been identified, a rough or 
granular type and a smooth or agranular 
type. The rough endoplasmic reticulum con- 
tains particles called ribosomes, which are 
composed of basophilic ribonucleic acid 
(RNA) and protein, and either adhere to the 
membrane of the endoplasmic reticulum or 
lie free between the membranes. These 
structures appear to be importantly involved 
in protein synthesis. At times a number of 
these ribosomes are seen together in groups 
or clusters and, as such, are called polyribo- 
somes. These granules, about 150 angstrom 
units (A) in diameter (see white arrows, Fig. 
2-1) may also be scattered throughout the 
cell (Palade, 1955). The agranular (smooth) 
endoplasmic reticulum does not contain 
basophilic ribosomes attached to its mem- 
branes and, therefore, usually is acidophilic 
in its staining property. It is found in large 
amounts in muscle cells as the sarcoplasmic 
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Fic. 2-2. Longitudinal section of a mitochondrion from 
a secretory cell of the pancreas. 64,000 x. Arrows indi- 
cate where the inner of the two limiting membranes is 
continuous with the membrane forming the cristae. 
(From Porter and Bonneville, Fine Structure of Cells and 
Tissues, Lea & Febiger, 1973.) 

Cr—Cristae 

X—Sites where mitochondrion may be growing or 
enlarging 

*_Dense granules 

Arrows—Inner limiting membrane-cristae sites of 
continuity 


Fic. 2-1, Electron micrograph showing a plasma cell and illustrating a number of cellular organelles. 29,000 x. (From 
Porter and Bonneville, Fine Structure of Cells and Tissues, Lea & Febiger, 1973.) 


Co—Collagen 
Ch—Chromatin 
Cp—Capillary 
ER—Endoplasmic reticulum 
G—Golgi apparatus 
M—Mitochondrium 


N—Nucleus 

NF—Nerve fiber 
NuE—Nuclear envelope 
P—Pore 

White arrows—Free ribosomes 
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Nucleoplasm 


Fibrous lamina 


Perinuclear cisterna 


Cytoplasm 


Nucleoplasm 


Chromatin 


Nuclear Pores 


Fibrous lamina 


Perinuclear Cisterna 


Cytoplasm 


Fic. 2-3. Pores in the nuclear envelope of cells. A, Diagrammatic representation of a nuclear pore in the envelope 
(“membrane”) which surrounds the nucleus. Observe that the pore is traversed by a thin septum and by the fibrous 
lamina of filamentous material. B, An electron micrograph of the nuclear envelope showing at least two such pores. 


(From Fawcett, Amer. J. Anat., 1966.) 


reticulum and in the cells of certain glands. 
Its function appears to be related to choles- 
terol and its derivative steroids as well as to 
certain cellular ionic mechanisms. Another 
cytoplasmic organelle is the lysosome. These 
electron dense bodies are also surrounded 
by membranes, and they contain certain 
hydrolytic enzymes that are capable of 
breaking down and “digesting” proteins and 
carbohydrates. Lysosomes also release their 
enzymes when a Cell dies, and autolysis of 
the cell results. Other cellular organelles 
include microtubules, fibrils, and fibrillar 
material. The cytoplasm of the cell also con- 
tains many cytoplasmic inclusions, among 
which are granules of metabolic products 
such as glycogen, secretion granules, vacu- 


oles, lipid inclusions, and inert or ingested 
material. 

The nucleus of a cell in the intermitotic or 
resting stage is a spherical or elongated body 
surrounded by a thin nuclear envelope 
(membrane), which is interrupted by open- 
ings called nuclear pores (Fig. 2-3, A and B). 
It appears that through these pores certain 
substances may be interchanged between 
the nucleoplasm and the cytoplasm. The 
nucleoplasm contains several semisolid, 
basophilic staining bodies called nucleoli, 
which are variable in size in different cells. 
The nucleus also contains the genetic sub- 
stance. desoxyribonucleic acid (DNA), 
which in combination with the histone pro- 
teins forms a threadlike material called 
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Fic. 2-4. Schematic representation of a cell as seen with the light microscope and enlargements showing the fine 
structure of some of the cell constituents as revealed by electron microscopy. The endoplasmic reticulum is shown in 
three dimensions, other structures are in section. (From Copenhaver, Bailey’s Textbook of Histology, Williams & 


Wilkins Co., 1964.) 


chromatin. These strands may be brought 
out by staining the nuclei with various dyes, 
the one most commonly used being hema- 
toxylin. The chromatin material is invisible 
in living resting nuclei except possibly with 
phase microscopy, but during cell division it 
is aggregated first into threads and then into 
refractive bodies called chromosomes. The 
process is called mitosis from the Greek 
word mitos (70s) meaning thread. The chro- 


mosomes of the germ cells carry the factors 
for the genetic or hereditary constitution of 
the individual. 


CELL DIVISION 


Although the division of a cell by mitosis 
is a continuous process, it is the custom to 
identify four different stages: prophase, met- 
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aphase, anaphase, and telophase (Fig. 2-5). In 
preparation for the prophase, the centro- 
some divides into two parts which become 
oriented at opposite poles of the nucleus. 
During the prophase, the chromatin, which 
has been scattered throughout the nucleus, 
condenses into chromomeres which are 
scattered along a thread or chromonema. 
The threads are individual entities com- 
posed especially of desoxyribonucleic acid 
(DNA); they become condensed into more 
compact bodies, the chromosomes. During 
the metaphase the chromosomes become 
oriented in a plane, the equatorial plate, lo- 
cated midway between the two centrosomes, 
with a clear area, the spindle, leading toward 
each centrosome. At this time each chromo- 
some has doubled. The two parts are named 
chromatids and are attached to each other at 
a particular site, the centromere. In late met- 
aphase and early anaphase, each centromere 
divides. During anaphase the two chroma- 
tids of each chromosome separate, pulled 
apart by a spindle fiber leading to one or the 
other of the two centrosomes. The two sets 
of chromatids, now called daughter chromo- 
somes, are grouped around the two centro- 
somes, which move to opposite ends of the 
cell. In telophase the chromosomes form a 
compact mass, lose their individuality, and 
disperse into the chromatin of the inter- 
mitotic nucleus. 

The division of living cells cannot be ob- 
served in the intact body, even with high 
magnifications of the microscope. Harrison 
(1910), however, discovered that embryonic 
cells can survive and will divide on glass 
slides if they are placed in an appropriate 
medium with aseptic precautions. Since then 
many observations have been made using 
this method, known as tissue culture, on a 
wide range of different animal forms, in- 
cluding tissues from human fetuses, normal 
adults, and tumors. The following descrip- 
tion (by W. H. Lewis) of cell division is based 
on observations of connective tissue cells or 
fibroblasts in cultures of tissues from chick 
embryos; descriptions of the process in other 
cells, such as those in the whitefish blastula, 
are virtually the same (Fig. 2-6, A to E). 

MITOSIS IN TISSUE CULTURE. An hour or 
two before division begins, the centrosome 
material separates into two parts and is 
placed at opposite poles of the nucleus. Dur- 
ing prophase (Figs. 2-5; 2-6, B), the chromatin 
is formed into threads and then into chro- 


mosomes. The Cell retracts its processes and 
tends to become spherical, with the nucleus 
centrally placed and mitochrondria or other 
intracellular bodies arranged around it. Near 
the end of prophase, which takes about an 
hour, the nuclear membrane disappears and 
the chromosomes are released and move into 
the equatorial plane. 

During metaphase (Figs. 2-5; 2-6, C), which 
lasts about six minutes, the chromosomes 
oscillate back and forth in short paths in the 
equatorial region, as if they were pulled first 
toward one pole and then toward the other 
by strings or fibers. Although these fibers are 
not visible in living fibroblasts, they are visi- 
ble in many cell types, especially after fixa- 
tion. Together with the chromosomes these 
fibers make up the mitotic spindle. Each 
chromosome splits longitudinally into two 
equal and similar daughter chromosomes. 

During anaphase (Figs. 2-5; 2-6, D and E), 
which lasts about three minutes, one set 
of daughter chromosomes moves to each 
pole of the spindle, or is pulled there by 
contraction of the spindle fibers, and is 
clumped into a compact mass. As the chro- 
mosomes approach the poles, the cell be- 
comes elongated and a groove encircles it 
at the equator. 

During telophase (Figs. 2-5; 2-6, F), which 
lasts about three minutes, the groove sinks 
farther into the cell, gradually pinching it 
into two daughter cells, which remain con- 
nected for a short time by a stalk. Each 
daughter cell receives approximately one- 
half the mitochondria, but the division of fat 
droplets and other intracellular bodies ap- 
pears more haphazard. The chromosomes 
lose their identity in the compact mass of the 
daughter nuclei. The daughter nuclei slowly 
increase in size, as Clear areas split the com- 
pact mass into granules, and a nuclear enve- 
lope forms. As the clear areas increase, the 
chromosomal granules become invisible 
except for those that become the nucleoli. It 
takes several hours for the nucleus to attain 
the final resting or intermitotic condition. 

AmITOSIS. Direct division of the cell, or 
amitosis, has been described but probably 
does not occur under normal conditions. 
Degenerating cells may show nuclear frag- 
mentation without division of the cytoplasm 
or the centrosome. 

Binucleate cells are not uncommon, espe- 
cially in certain organs, and are formed ei- 
ther by mitotic division of the nucleus with- 
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Fic. 2-5. Diagrammatic representation of various stages in mitosis. (From Winchester, Genetics, A Survey of the 
Principles of Heredity, Houghton Mifflin, 1972.) 
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out cleavage of the cytoplasm, or by some 
process not clearly understood such as frag- 
mentation. 


Chromosomes 


In the last three decades, dramatic ad- 
vances in electron microscopy, biochemical 
genetics, and cytogenetics have enhanced 
our understanding of the mechanisms in- 
volved in cell division and of the fundamen- 
tal biochemistry of genetic material. Con- 
cepts have emerged as to the nature of the 
control exerted by the nucleus over the ac- 
tivities of the cytoplasmic organelles. Addi- 
tionally, this knowledge has even extended 
into an appreciation of how and where these 
processes can go wrong, thereby elucidating 
better than ever before the mechanics of 
genetic mutation and the hereditary nature 
of certain diseases. The interdisciplinary 
fields of cellular and molecular biology are 
oriented toward closing the gap between the 
structure observed by the anatomist using 
the electron microscope and the molecular 
chains so beautifully unravelled and recon- 
structed by the biological and physical 
chemists. 

Chromosomes are the unique biological 
structures responsible for the continuity of 
an animal species through its generations. 
Further, through their genetic material, 
chromosomes dictate the proper functional 
activities of every living animal cell. In each 
animal species there is a characteristic num- 
ber of chromosomes. In man there are 23 
pairs or 46 chromosomes. This number, L.e., 
46 chromosomes, is known as the diploid 
number. In the nucleus of the human sperm 
or ovum the chromosome number is exactly 
half, or 23, and this is known as the haploid 
number. When the male gamete fertilizes the 
female gamete, the diploid number of 46 is 


Fic. 2-6. Stages of mitosis in whitefish blastula. 
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attained. Thus, each pair of chromosomes 
consists of a maternal and a paternal chro- 
mosome. The random distribution of mater- 
nal and paternal chromosomes is such that 
in the germ cells, during maturation, over 
16,000,000 possible combinations can result 
in the daughter cells. Of the 23 pairs in man, 
22 are called autosomes and the remaining 
pair are the sex chromosomes which can be 
identified under the microscope by their size 
and shape. The sex pair in all the cells of a 
male organism consists of a large X and a 
small Y chromosome (Fig. 2-8). The sex pair 
of a female contains two X but no Y chro- 
mosomes (Fig. 2-7). 

STRUCTURE OF CHROMOSOMES. At meta- 
phase just prior to cell division, each chro- 
mosome can be observed to consist of two 
identical strands of chromatin called chro- 
matids. The chromatids are connected at a 
constriction in the chromosome called the 
centromere or kinetochore, and each will 
become a separate chromosome when the 
centromere divides. The location of the cen- 
tromere allows for a descriptive morpho- 
logic classification of chromosomes (Fig. 2-9). 
When the centromere is located in the mid- 
dle of the chromosome, the chromosome is 
referred to as metacentric. As such its arms 
are of equal length. A chromosome in which 
the centromere is situated somewhere be- 
tween its midpoint and one of its ends is 
called a submetacentric chromosome. In 
such chromosomes one arm is somewhat 
longer than the other. When the centromere 
is located very close to the end of a chromo- 
some, the term acrocentric is used in its de- 
scription, and it follows that such a chromo- 
some has one very short arm and one that is 
considerably longer. The short arm of a 
chromosome is called “p,” for “petite,” while 
the long arm is designated by the letter “‘q” 
(Fraser and Nora, 1975). 


A, Interphose: This is a “resting” stage during which the chromatin material appears dispersed, although it is 
thought that the chromosomes continue to maintain their individual integrity. 

B, Prophase: Chromatin commences to aggregate into discrete threads. Asters develop around the divided centriole 
at each end of the cell, and the nuclear envelope disintegrates. 

C, Metophose: The chromosomes move into a horizontal equatorial plane. Each chromosome is attached to a spindle 
fiber at its centromere and begins to split into two chromatids. 

D, Anophose: Each pair of chromatids abruptly becomes pulled apart to form daughter chromosomes which move 


toward the poles of the spindle. 


E, Late Anophose: The spindle continues to lengthen and a constriction of the cell body begins to pinch the 


cytoplasm into two cells. 


F, Telophose: Separation is virtually complete. The daughter cells, however, are still connected by a fine cytoplasmic 
stalk which eventually is broken. (From Genes in Action, The Upjohn Co., 1967.) 
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Fic. 2-7 (femate) and Fic. 2-8 (male). Colchicine metaphase of human cells grown in vitro, showing chromosomes. 


(From Tijo and Puck, Proc. Nat. Acad. Sci. (U.S.A.), 1958.) 


HUMAN KARYOTYPE OR IDIOGRAM. In the 
study of human genetics, living cells from 
the blood or other tissues are prepared in a 
tissue culture that allows them to proliferate 
and divide by mitosis. When individual cells 
are found in the appropriate stage of divi- 
sion, that is, the metaphase, colchicine is 
added to the culture, and one of the cells is 
flattened out on a glass slide in order to 
separate the chromosomes (Figs. 2-7; 2-8). 
When examined under the microscope, the 
individual chromosomes can be identified 
and mapped or arranged in a diagram called 
a karyotype (Figs. 2-10; 2-11). At one time the 
terms karyotype and idiogram were used 
interchangeably, but now the word karyo- 
type is used for a systematized arrangement 
to typify the chromosomes of an individual 
according to a standard classification. The 
term idiogram is now used to mean a dia- 
grammatic representation of a karyotype 
that may be based on many observations and 
measurements (Roberts, 1963). Thus, an in- 
dividual’s karyotype may be compared with 
normal chromosomes, and if abnormalities 
are identified, they may point to the diagno- 
sis of some hereditary aberration in the indi- 
vidual. 


A standard system has now been adopted 
for the purpose of classifying the chromo- 
somes composing a human karyotype. This 
classification was determined at interna- 
tional conferences held in Denver (1960) and 
in London (1963). 





Metacentric Submetacentric Acrocentric 


(mediocentric) 


Fic. 2-9. The nomenclature of chromosomes. The cen- 
tromere (site of attachment) of the chromosome lies 
either in the middle (metacentric), off center (submeta- 
centric), or near the end (acrocentric). “‘p" designates the 
short arm, while ‘‘q” is the large arm of a chromosome. 
(From Fraser and Nora, Genetics in Man, Lea & Febiger, 
1975.) 


Karyotype of human male 
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Fics. 2-10 and 2-11. 


GROUP 1-3 Large chromosomes with centro- 
meres approximately in the middle. The three 
chromosomes can be readily distinguished from 
each other by their size and centromere posi- 
tion. 

GROUP 4-5 Large chromosomes with centro- 
meres in the submetacentric position. Although 
these two chromosomes are more difficult to 
distinguish from each other, chromosome 4 is 
slightly larger. 

GROUP 6-12 AND THE X CHROMOSOME Me- 
dium-sized chromosomes with centromeres in 
the submetacentric position. Chromosomes 6, 
7, 8, 11, and X are more metacentric than are 
9, 10, and 12. The X chromosome most re- 
sembles 6. This group presents the major diffi- 
culty in identification of individual chromo- 
somes. 

GROUP 13-15 Medium-sized chromosomes with 
centromeres in the acrocentric position. Chro- 
mosomes 13 and 14 have satellites on the short 
arms. 

GROUP 16-18 Rather short submetacentric chro- 
mosomes. Chromosome 16 is more metacen- 
TIC. 

GROUP 19-20 Short metacentric chromosomes. 

GROUP 21-22 AND THE Y CHROMOSOME 
Very short acrocentric chromosomes. Chromo- 
somes 21 and 22 may have a satellite on their 
short arm. 


gaz 
=< SSS 





46 GBS Rie 41) 


Karyotype of human female 
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Karyotypes of human chromosomes. (From Tijo and Puck, Proc. Nat. Acad. Sci. (U.S.A.), 1958.) 


CHEMISTRY OF CHROMOSOMES AND CHROMA- 
TIN. Investigations into the biochemical 
nature of the genetic substance have resulted 
in one of the more significant and exciting 
advances in the history of biological science. 
It has now been accepted that chromosomes 
consist principally of desoxyribose nucleic 
acid (DNA) embedded within proteins which 
are largely histones in type. Based on obser- 
vations made by Wilkins with the tech- 
niques of x-ray diffraction crystallography, a 
breakthrough occurred with the publication 
of a paper by Watson and Crick in 1953 in 
which it was proposed that the DNA mole- 
cule consists of two strands of nucleotide 
molecules wound together in the form of a 
double helix (Fig. 2-12, A). Additionally, the 
in vitro synthesis of biologically active or 
infective viral DNA by Goulian, Kornberg, 
and Sinsheimer in 1967 elucidated further 
the nature of the nuclear substance which 
was first separated from the nuclei of cells 
by Friedrich Miescher almost a century ear- 
lier in 1871 and called nuclein. Jn later years 
nuclein was renamed nucleic acid. 

DNA is composed of a linear assemblage 
of molecules of desoxyribonucleotides. Each 
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Fic. 2-12. A, Diagram of a part of the double-stranded DNA molecule as proposed in the double helix model by 
Watson and Crick. The horizontal rods represent the pairs of bases which connect the two strands. The vertical line is 
the longitudinal axis around which the coils of the double helix twist. B, A diagram showing the single-ringed 
pyrimidine bases, cytosine (C) and thymine (T) along with the double-ringed purine bases, adenine (A) and guanine (G) 
which connect the two strands of the DNA molecule. The nitrogenous bases link with the sugar (S), desoxyribose, 
which in turn binds with phosphate groups (P) in an alternating pattern along DNA strands. 


molecule of the nucleotide consists of either 
a large double-ring purine base (adenine 
or guanine) or a smaller single-ring pyrimi- 
dine base (cytosine or thymine), plus the 
sugar, desoxyribose, and a phosphate group 
(Fig.2-12, B). The sugar of one molecule is 
attached to the phosphate of the next in each 
of the two strands. The critical aspect of the 
contribution by Watson and Crick was the 
manner in which the two strands of desoxy- 
ribose and phosphate are interconnected. 
Knowing that in DNA the amount of adenine 
always equals the amount of thymine and 
that the amount of guanine always equals 
the amount of cytosine, and realizing that 
their model had to give DNA the property of 
self-replication, they proposed that wher- 


ever a two-ring adenine base is located on 
one strand, it is attached to a one-ring thy- 
mine base on the other. Additionally, they 
proposed that a guanine base on one strand 
is always connected to a cytosine base on the 
other strand. (Fig. 2-12, B). The bases were 
then proposed to be held together loosely by 
hydrogen atoms. In the authors’ own words: 


The novel feature of the structure is the manner in 
which the two chains are held together by the purine 
and pyrimidine bases. The planes of the bases are 
perpendicular to the fibre axis. They are joined to- 
gether in pairs, a single base from one chain being 
hydrogen-bonded to a single base from the other 
chain, so that the two lie side by side... . One of 
the pair must be a purine and the other a pyrimidine 


for bonding to occur... . If it is assumed that the 
bases only occur in the structure in the most plausi- 
ble tautomeric forms (that is, with the keto rather 
than the enol configurations), it is found that only 
specific pairs of bases can bond together. These 
Pairs are: adenine (purine) with thymine (pyrimidine) 
and guanine (purine) with cytosine (pyrimidine). 

In other words, if an adenine forms one member 
of a pair, on either chain, then on these assumptions 
the other member must be thymine; similarly for 
guanine and cytosine. The sequence of bases on a 
single chain does not appear to be restricted in any 
way. However, If only specific pairs of bases can be 
formed, it follows that if the sequence of bases on 
one chain ts given, then the sequence on the other 
chain is automatically determined. 

It has been found experimentally that the ratio of 
the amounts of adenine to thymine, and the ratio of 
guanine to cytosine, are always very close to unity 
for deoxyribose nucleic acid. ... 

It has not escaped our notice that the specific 
pairing we have postulated immediately suggests a 
possible copying mechanism for the genetic material 
(Watson and Crick, 1953). 


REPLICATION OF DNA. The simplicity of the 
Watson-Crick model for the structure of 
DNA was also combined with a unique 
property, i.e., the molecular structure at any 
part of one strand dictated specifically the 
molecular structure of the other. With a sep- 
aration of the hydrogen bonds, each of the 
two strands could become the molds for the 
replication of DNA because of the necessity 
of the divided strand to bind exactly as be- 
fore with a specific sequence of bases. In this 
manner the model accounted for the re- 
quirement necessitated by genes, that they 
have the ability to duplicate themselves ex- 
actly. The process of separation of the two 
DNA strands at the site of hydrogen bonding 
therefore would allow each of the strands to 
act as a template against which to synthesize 
a new companion strand (Fig. 2-13). In this 
manner the original double helix could pro- 
duce two exact replicas of itself, chemically 
identical in every respect, following the sep- 
aration of the chromosomes at cell division. 

MECHANISMS OF GENE ACTION: TRANSCRIP- 
tion. Although chromosomes show little 
visible internal structure when viewed by 
conventional microscopes, it is now appreci- 
ated that the DNA component of chromo- 
somes includes submicroscopic structures, 
which are spaced linearly along the DNA 
thread and are called genes. Genes can be 
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considered the centers for the control of par- 
ticular hereditary traits. The nature of the 
genes interactions with their environments 
(the cytoplasm of the cells) establishes the 
hereditary peculiarities or characteristics of 
an individual. It is called that person’s geno- 
type. Anatomically a gene is a section of the 
DNA molecule and is functionally involved 
in the determination of the sequential order 
of the amino acids, which form a single poly- 
peptide chain of a protein. 

The peocess by which the arrangement of 
the linear chemical groupings on the DNA 
molecule is communicated to the cytoplasm 
for the formation of proteins required for a 
cell's functions is called transcription, and 
the chemical language which has to be trans- 
lated to understand this communication is 
called the genetic code. The number of pos- 
sible differences in the sequential arrange- 
ment of the nucleotide bases provides DNA 
with an exceedingly high number of possi- 
ble combinations, a property which the ge- 
netic material must have in order to account 
for the many different genes. 

Another nucleic acid, ribonucleic acid or 
RNA, is present in larger quantities than 
DNA in cells known to be particularly active 
in protein synthesis. Unlike DNA, ribonu- 
cleic acid is found not only in the nucleus of 
the cell, but in the cytoplasm as well. It has 
been shown that the RNA found in the cyto- 
plasm of cells is synthesized in the nucleus 
and moves from the nucleus to the cyto- 
plasm. Although quite similar in chemical 
structure, RNA differs from DNA in three 
ways. RNA contains the sugar, ribose, in- 
stead of desoxyribose; generally RNA is a 
single chain while DNA is double-stranded; 
and RNA contains the pyrimidine base ura- 
cil instead of thymine. 

In the process of transcription the dou- 
ble-stranded DNA separates as it would in 
DNA replication. Alongside of one of the 
two DNA strands (the master strand), how- 
ever, nucleotides containing ribose (ribonu- 
cleotides) align in proper sequence to the 
DNA nucleotides. The RNA, now containing 
the coded sequence, separates from the 
DNA, leaves the nucleus through the pores 
in the nuclear envelope, and moves into the 
cytoplasm. As such it is called the messenger 
RNA (mRNA). The synthesis of protein actu- 
ally takes place in the ribosomes of the cyto- 
plasm, and the mRNA becomes attached to 
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Fic. 2-13. A diagram illustrating the replication of the DNA molecule. The two strands of the old molecule separate 
and act as templates for the newly formed strands. In this manner the sequence of bases is copied exactly, thereby 


replicating the original molecule. 


the ribosomes. In the eventual formation of a 
protein, two other types of RNA are in- 
volved. These are ribosomal RNA (rRNA), a 
normal structural component of the ribo- 
somes, and transfer RNA (tRNA), which 
functions as the carrier of amino acids from 


the rest of the cell’s cytoplasm to the site of 
protein synthesis in the ribosomes. Thus, the 
genetically coded information along the 
DNA strand (gene) for the production of a 
specific polypeptide becomes transferred to 
cellular elements in the cytoplasm, which 


not only are capable of recognizing the 
chemical code, but also are capable of pro- 
ducing the protein required. 

Germ cetts. For an individual to begin 
life and develop into an embryo, it is neces- 
sary for specialized cells, the germ cells from 
each sex, to be combined at fertilization. 
The female germ cell is the ovum; the male 
germ Cell is the spermatozoon. 


THE SPERMATOZOON 


The spermatozoa or male germ cells are 
produced in the testis and are present in the 
seminal fluid in enormous numbers. Each 
mature human spermatozoon is a highly spe- 
cialized cell resembling a free-swimming 
protozoan and possessing a prominent head 
and a long tail (Figs. 2-14; 2-15). The length of 
the entire spermatozoon is 52 to 62 ». The tail 
is subdivided into a middle piece, principal 
piece, and end piece. The head is a some- 
what flattened oval body 4 or 5 long and 2 
or 3 » thick. The head is composed of a con- 
densed nucleus, the anterior two thirds of 
which is covered by an acrosomal cap with 
an acrosome at the tip. Running the entire 
length of the tail is an axial core composed 
of filaments whose ultrastructure appears 
identical with that of a cilium. In the center 
of the axial core are two single filaments sur- 
rounded by nine uniformly spaced double 
filaments. The cylindrical middle piece sur- 
rounds the axial structures from the head to 
the ring-shaped annulus. It is 5 to 7» long, 
1u thick, and contains a single layer of spi- 
rally arranged thread-like mitochondria. 
The principal piece is 45 » long and ¥, » thick 
and is composed of a circular arrangement 
of dense fibers. In the end piece the axial 
filaments are covered only by the plasma 
membrane covering the entire spermato- 
zoon. The axial filaments are assumed to be 
the contractile elements that provide the 
undulating motion of the tail. The develop- 
ment of the spermatozoa within the semi- 
niferous tubules can be considered as a 
threefold process: (1) spermatocytogenesis, 
during which the primary germ cells replace 
themselves and produce primary spermato- 
cytes; (2) meiosis, that phase during which 
the spermatocytes become spermatids, each 
containing the haploid number of chromo- 
somes; and (3) spermiogenesis, during which 
the immature spermatids become _trans- 
formed into mature sperm. 
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SPERMATOCYTOGENESIS. Among the epi- 
thelial cells lining the seminiferous tubules 
of the testis are found the primary male 
germ cells which are called the spermatogo- 
nia. By the process of mitosis these cells pro- 
liferate. Some of the daughter cells form 
more spermatogonia, while others migrate 
toward the lumen and enlarge into the pri- 
mary spermatocytes. The primary spermato- 
cytes then begin their process of maturation 
by dividing, at the first maturation division, 
into two secondary spermatocytes. Each sec- 
ondary spermatocyte in the second matura- 
tion division divides into two spermatids. 
Thus, each primary spermatocyte provides 
four spermatids, all of which develop into 
motile spermatozoa (Fig. 2-16). 

meiosis. One of the most important as- 
pects of germ cell maturation is the distribu- 
tion of chromosomes and their constituent 
carriers of heredity, the genes. This takes 
place by a special type of cell division called 
meiosis. During the prophase of a usual so- 
matic mitosis each threadlike chromosome 
initiates a longitudinal splitting. In the first 
maturation division of meiosis in the pri- 
mary spermatocyte. however, the individual 
chromosomes do not carry the splitting to 
completion, and the two chromosomes of 
each pair except the sex chromosomes come 
into close union by a process known as syn- 
apsis or conjugation. The resulting chromo- 
somal configuration is known as a tetrad 
from its quadruplicate appearance (Painter, 
1923). The individual chromosomes of the 
synaptic pair, without splitting, separate 
from each other, and one chromosome of 
each pair goes to each daughter cell. As a 
result the number of chromosomes in each 
daughter cell is reduced to one half, or 23, in 
the secondary spermatocytes, one of which 
contains an X chromosome and the other a Y 
chromosome. In the secondary maturation 
division the chromosomes of each second- 
ary spermatocyte now complete their split- 
ting, and each divides into two spermatids. 
The result is four viable spermatids, each 
containing 23 chromosomes, the haploid 
number. Two of the spermatids contain X 
chromosomes while the other two contain Y 
chromosomes. 

SPERMIOGENESIS. The differentiation of 
the spermatid into the mature sperm begins 
at one pole of the nucleus with the formation 
of a fluid-filled acrosomal vesicle from the 
Golgi complex. The acrosomal vesicle ad- 
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Fic. 2-15. Diagram of the structure of the human spermatozoon based on studies with the electron microscope. Most 
of the principal piece and end piece have been omitted. A, Depicted as though the cell membrane and cytoplasmic 
matrix had been removed. B, Diagrammatic cross sections showing the arrangement of the axial fibrils and their 
relation to adjacent structures. C, Diagram of a longitudinal section passing through the center of A. (From Fawcett, 


Internat. Rev. Cytol., 1958.) 


heres to the outer aspect of the nuclear mem- 
brane, and this becomes the future anterior 
tip of the sperm (Fawcett and Hollenberg, 
1963). The acrosomal vesicle then loses its 
fluid and fits over the nucleus at the anterior 
end as a head cap with the acrosome at the 
tip. The centrioles migrate toward the oppo- 
site pole of the nucleus where a slender flag- 
ellum is forming. One of the centrioles forms 
the base of the flagellum which then elon- 
gates and develops its axial filaments. The 
other centriole forms a ring or annulus 
which migrates away from the nucleus to the 
caudal end of the middle piece, and the spi- 
ral mitochondrial sheath occupies the rest of 


the middle piece. The residual cytoplasm is 
finally cast off, leaving the plasma mem- 
brane covering the entire mature spermato- 
zoon. 


THE OVUM 


The human ovum is a large cell, about 
0.14 mm in diameter, and contains the visi- 
ble internal structures found in most cells 
(Fig. 2-17). The nucleus with nucleolus and 
chromatin is known as the germinal vesicle. 
The cytoplasm contains a centrosome, mito- 
chondria, granules, fat droplets, Golgi com- 


Fig. 2-14. A, Spermatozoa in the seminal fluid of the monkey, Macaca mulatta. 7,500 x. B, Head of a human 
spermatozoon. 37,500 x. C, Neck and middle piece of ahuman spermatozoon. Note the sheath of irregularly arranged 
mitochondria. 36,500 x. (From Zamboni, Zemjanis and Stefanini, Anat. Rec., 1971.) 
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Fic. 2-16. Diagrammatic representation of gametogenesis. Compare the mechanism involved in oogenesis and 
spermatogenesis, particularly with reference to their differences. These simplified diagrams only indicate six of the 
forty-six chromosomes in the human being. (From Winchester, Genetics, A Survey of the Principles of Heredity, 
Houghton Mifflin Co., 1972.) 








_- Corona radiata 


Zona pellucida 


Cytoplasm 


Nucleus 


Nucleolus 


ee. 
SD So gigs 
ary A ie" + 


Fic. 2-17. Mature human ovum. (Carnegie Institute Collection.) 


plex, and yolk material. The ovum or vitellus 
is enclosed in a tough transparent membrane 
about 12 » in thickness, named the zona pel- 
lucida. With the ovary, the mature ovum is 
contained in a spherical vesicle about 1 cm 
in diameter called an ovarian or graafian fol- 
licle (Fig. 2-18). The ovum is held at one side 
of the follicle by a mass of follicular cells 
named the cumulus oophorus: the follicular 
cells immediately around the zona pellucida 
are radially arranged and make up the co- 





rona radiata (Fig. 2-17). While in the ovary 
and at the time of ovulation, the ovum com- 
pletely fills the cavity of the zona, but it 
shrinks shortly after ovulation and a peri- 
vitelline space filled with clear fluid is devel- 
oped. 

Ovulation occurs when the mature graa- 
fian follicle ruptures through the outer wall 
of the ovary and the ovum is discharged into 
the peritoneal cavity. Normally it does not 
remain free in the peritoneal cavity because 


TABLE 2-1. Comparative Size of Living One-Cell Tubal Eggs After the Formation of the Perivitelline 


Space (Lewis and Wright, 1935). 


' Animal Author _ 


Mouse 26 Lewis and Wright (1935) 
Guinea-pig 1 Squier (1932) 

Macaque I 1 Corner (1923) 

Macaque two-cell 1 Lewis and Hartman (1933) 
Macaque IV 1 Allen (1928) 

Human | Allen et al. (1930) 
Human (abnormal) 1 Lewis (1931) 

Rabbit Z 

Rabbit : | Lewis and Gregory (1929) 
Pig 4 Heuser and Streeter 
Cow (nonfertile) 31 Hartman, Lewis, 

Cow two-cell 1 ers and Swett (1931) 
Dog 3 Hartman 

Sheep 6 Clark 











192000 16700 
314000 22300 
333000 23400 
562000 

589000 34000 
989000 34000 
718000 38700 
718000 38700 
907000 45300 
740000 

907000 45300 
1232000 55700 


Volume and surface area of ovum in cubic and square microns estimated by authors. ODZ: outside diameter of zona. 
IDZ: inside diameter of zona. DV: Diameter of vitellus (ovum) in microns. 
*Determined or estimated from illustrations and data in articles quoted. 
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Fie. 2-18. A cross section of the ovary showing numerous follicles in various stages of development. Stained with 
hematoxylin and cosin. 20 x. (From diFiore, An Atlas of Human Histology, Lea & Febiger, 1981.) 


the fimbriated end of the uterine tube covers 
the point of rupture, and the ovum is imme- 
diately swept into the lumen of the tube, 
probably by ciliary action (Rock and Hertig, 
1944). Although such a close relationship 
between the fimbriae and the ovary has been 
observed in many mammals, in the human 
female the ciliated epithelial cells of the ovi- 
ducts increase significantly in height at ovu- 
lation, thereby increasing the assurance of 
the ovum’s entrance into the uterine tube. 

In the sexually adult ovulating woman, an 
ovarian follicle matures and ruptures from 
the ovary in a cyclical manner at intervals of 
about 28 days. Although there may be some 
variation in the exact date of ovulation dur- 
ing the menstrual cycle, typically the mature 
ovum is discharged 14 days prior to the ex- 
pected date of commencement of the next 
menstruation. With ovulation there fre- 
quently is a small amount of hemorrhage 
accompanied at times by slight pain. The 
basal body temperature then rises 0.5°F, and 
in carefully recorded and charted studies, 
the temperature has been shown to remain 
elevated for about the next 14 days. The tem- 
perature lowers again during the next men- 
struation and remains down on the days of 
the new cycle prior to the next ovulation. It 
is presumed that the right and left ovaries 
alternate in the production of newly rup- 
tured ova. 

MATURATION OF THE Ovum. Before an 
ovum can be fertilized, it must reach a par- 
ticular stage of maturation, which begins 
just prior to ovulation. During the first matu- 
ration division, the ovum, now known as the 
primary oocyte, divides into one large cell, 
the secondary oocyte, and one small cell 
which is known as the first polar body or 
polocyte (N.E. polocytum) (Fig. 2-16). The 
secondary oocyte quickly initiates the sec- 
ond maturation division by forming a mi- 
totic spindle, but it is arrested in the meta- 
phase stage until after it escapes from the 
follicle and is penetrated by a spermatozoon. 
During the second maturation division, 
which can be completed normally only if the 
ovum is fertilized, a large mature ootid and a 
small second polocyte are formed (Figs. 
2-16; 2-19). The first polocyte may or may not 
divide into two smaller polocytes. 

metosts. When the ovum or primary oo- 
cyte undergoes the first maturation division, 
there is a reduction in the number of chro- 
mosomes in the same manner aS in sperma- 
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togenesis (Fig. 2-16). The secondary oocyte 
and the first polar body both contain 22 au- 
tosomes and one sex chromosome. Since it is 
a female cell, the primary oocyte has two X 
chromosomes and the secondary oocyte also 
must have an X chromosome. When it un- 
dergoes its second maturation division, 
therefore, there must be only an X chromo- 
some in the ootid and the second polocyfte. It 
will be seen from this that every ovum from 
a ruptured follicle can provide only one fer- 
tilizable ootid and that it will have an X 
chromosome. Since there are equal numbers 
of spermatozoa with X chromosomes and 
with Y chromosomes in the ejaculate, there 
is an equal opportunity for the fertilized 
ovum to contain two X or an X anda Y chro- 
mosome and the genetic equality of the 
sexes is assured. 


Fertilization of the Ovum 


Ovulation takes place in a woman with 
regular menstrual cycles approximately 10 
to 14 days after the onset of the preceding 
menstrual flow or approximately 14 days 
before the expected date of commencement 
of the next menstruation. The released ovum 
immediately begins its course through the 
uterine tube. It must be met by sperm in the 
ampulla of the tube within approximately 6 
to 12 hours or it will begin to show signs of 
degeneration and no longer be fertilizable. 

Fertilization takes place when a spermato- 
zoon enters the ovum (Fig. 2-19). Normally 
only one sperm takes part in the process; its 
entrance causes the peripheral layer of the 
ovum to change into the vitelline membrane, 
which prevents the entrance of additional 
sperm. It is thought that the spermatozoon 
undergoes important changes which allow it 
to achieve and penetrate the ovum. The ac- 
rosome of the sperm becomes perforated, 
and this appears to allow certain enzymes to 
escape, thereby creating a path for the sperm 
through the zona pellucida to the ovum cell 
membrane. The plasma membranes of the 
two gametes seem to fuse, and as the sperm 
head enters the ovum, the latter completes 
its second meiotic division and the second 
polar body is formed. Once the spermato- 
zoon has penetrated the ovum, the tail por- 
tion separates, and the head and middle 
piece expand into the male pronucleus and 
the centrosome. The nucleus of the ovum, 
known as the female pronucleus, and the 
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Fig. 2-19. The process of fertilization in the ovum of a mouse. (After Sobotta, Atlas und Lehrbuch der Histologie und 


mikroskopischen Anatomie des Menschen, Lehmann, 1911.) 


male pronucleus migrate toward each other, 
and, breaking down into their constituent 
chromosomes near the center of the cell, are 
combined into the new segmentation nu- 
cleus. The mitotic division of this nucleus 
and the cleavage of the cell produce the 
two-cell stage which is the beginning of the 
embryological development of the individ- 
ual. 

Fertilization restores the diploid number 
of chromosomes, since each of the gametes 
contains the haploid number and their junc- 
tion achieves genetic completeness. Addi- 
tionally, fertilization also results in the de- 
termination of the sex of the newly formed 
zygote. Since the ovum is an X-bearing ga- 
mete, fertilization by an X-bearing sperm 
results in an XX-bearing female zygote. In 
contrast, penetration and fertilization of the 
ovum by a Y sperm causes the formation of 
an XY-bearing male zygote. 


Development of the Fertilized Ovum 


Division of the fertilized ovum into the 
two-cell stage probably occurs 30 to 36 hours 
after fertilization. Hertig et al. (1954) have 


recovered a two-cell human embryo sur- 
rounded by the zona pellucida and contain- 
ing two polar bodies from a uterine tube. 
These first two cells, known as blastomeres 
(Figs. 2-20, B; 2-21), soon undergo division, 
and the process of cleavage or segmentation 
continues until a cluster of daughter cells, 
the morula, has been produced. During 
segmentation the ovum does not enlarge; 
the morula is about the same size as the 
single-celled ovum. The exact timing is not 
known, but probably two or three days are 
required for these five or six cleavage divi- 
sions, and while they are taking place the 
ovum makes its passage through the uterine 
tube. 

moruta. Although there is no visible dif- 
ference between the early daughter cells, a 
segregation of materials and potencies takes 
place during cleavage, which first becomes 
evident in the morula (Fig. 2-20, E). By the 
fourth day two separate parts of the morula 
become recognizable, an outer layer of cells 
known as the trophoblast, and an inner clus- 
ter of cells, known as the inner cell mass or 
embryoblast. Together they form the blasto- 
cyst. 
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Fig. 2-20. Photographs of living eggs. 200 x. A, Fertile one-cell mouse egg showing the zona pellucida, perivitelline 
space, ovum, first and second polar bodies (From Lewis and Wright, Carneg. Inst., Contr. Embryol., 1935). B, Two-cell 
monkey egg. C, Four-cell stage of same egg, extra sperm in zona (From Lewis and Hartman, Carneg. Inst., Contr. 
Embryol., 1933). D, Eight-cell rabbit egg. E, Rabbit morula (From Lewis and Gregory, Science, 1929). F, Early blastocyst, 


76-hour mouse egg with a small amount of fluid. 
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Fig. 2-21. A two-celled human ovum recovered from the fallopian tube. Observe the prominent and closely adhering 
zona pellucida. Note one polar body between the two blastomeres at the upper margin of the cleavage plane and the 
other polar body below. 550 x. (From Hertig, Rock, Adams and Mulligan, Carneg. Inst., Contr. Embryol., 1954.) 


The blastocyst develops by the passage of 
fluid from the uterine cavity into the interior 
of the morula (Fig. 2-22). The trophoblast 
enlarges to form a vesicle, the center of 
which is a fluid-filled cavity called the blas- 
tocyst cavity or blastocele. The cavity is sur- 
rounded by the trophoblast cells which mul- 
tiply, spread out, and become flattened 
against the zona pellucida. This latter struc- 


ture is thereby stretched into a thin mem- 
brane and disappears. The inner cell mass 
remains as a relatively small cluster of cells 
attached to the inner surface of the tropho- 
blast at a region which is known as the em- 
bryonic pole. The blastocyst stage is reached 
soon after the ovum enters the uterus, where 
it remains free in the uterine cavity for an 
estimated three to five days. 
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Fig. 2-22. A, Blastocyst, 92-hour rabbit egg. Trophoblast and inner cell mass. 200 x. (From Lewis and Gregory, 
Science, 1929.) B, Blastocyst, nine-day monkey egg. Stained section. The zona has disappeared, the trophoblast is thin, 
and the inner cell mass small. 200 x. (From Carnegie Institute Collection.) 


Implantation 


On the sixth or seventh day after fertiliza- 
tion, the blastocyst comes into direct contact 
with the uterine mucosa or endometrium 
and adheres to it. Since the zona pellucida 
has disappeared by this time, the trophoblast 
cells at the embryonic pole work their way 
into the endometrium by digesting the uter- 
ine tissue. By the eighth to tenth day the 
blastocyst has become a thickened invasive 
mass buried in the mucosa (Figs. 2-22; 2-23: 
2-25). A thin wall of trophoblastic cells op- 








posite the embryonic pole still protrudes 
into the uterine cavity (Figs. 2-23; 2-25). 
Changes in the endometrial wall and in the 
uterine glands following ovulation prepare 
the uterus for the reception of the blastocyst. 
Usually implantation occurs on the posterior 
wall of the uterus near the fundus. 

By the twelfth day the embryo has become 
completely buried and the site of itmplanta- 
tion in the endometrium has been closed 
over by the uterine epithelium (Figs. 2-24; 
2-26). The trophoblast has formed a spongy 
mass which has broken into the walls of 
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Fic. 2-23. A human blastocyst (Carnegie 8020), fertilization age 7 to 7, days, in process of embedding in the uterine 
mucosa. In the actual specimen the abembryonic trophoblast had collapsed on the inner cell mass, but for the 
purposes of clarity, it is shown projecting into the uterine cavity. Drawing from a photomicrograph. 150 x. (From Rock 


and Hertig, Amer. J. Obstet. Gynec., 1942 and 1944.) 
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Fic. 2-24, A human blastocyst (Carnegie 7700), fertilization age 12 to 12Y, days, embedded in the stratum compactum 
of the endometrium. Drawing from a photomicrograph. 105 x. (From Hertig and Rock, Carneg. Inst., Contr, Embryol, 
1941.) 
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Fig, 2-25, Diagrammatic representation of a 7¥,-day human blastocyst in the process of becoming embedded in the 
endometrium of the uterine wall. Compare with Fig. 2-23. (Redrawn after Langman, Medical Embryology: Human 
Development, Normal and Abnormal, Williams & Wilkins Co., 1969, and Rock and Hertig, Amer. J, Obstet. Gynec., 
1942 and 1944.) 
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Fig. 2-26. Schematic representation of a twelve-day blastocyst in the endometrial wall of the uterus. Observe the 
developing embryonic disc and the fact that by this stage the lacunae of the syncytiotrophoblast of the embryo are 
filled with maternal blood. Compare with Fig. 2-24. (Redrawn after Langman, Medical Embryology: Humon Develop- 
ment, Normal and Abnormal, Williams & Wilkins Co., 1969, and Hertig and Rock, Carneg. Inst., Contr. Embryol., 1941.) 
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FiG 2-27. A human ovum embedded in the stratum compactum. Estimated age—13¥, days. 35 x. (Hertig and Rock, 
Amer. }. Obstet. Gynec., 1944.) 


some of the maternal vessels, and the strands 
of cells are bathed in maternal blood. This 
multinucleated noncellular cytoplasmic 
mass formed by the trophoblast is called the 
syncytiotrophoblast (Figs. 2-23 to 2-26). On 
the embryonic side of the syncytiotropho- 
blast, a cellular trophoblastic layer called 
the cytotrophoblast also forms (Figs. 2-24 to 
2-28). The trophoblast continues to grow 
rapidly and later combines with mesoderm 
to form the chorion, the extraembryonic 
membrane which protects the embryo and 
makes contact with the maternal blood for 
the absorption of oxygen and food sub- 
stances and for the elimination of waste. 
Germ Layers. While the blastocyst is be- 
coming embedded in the uterine mucosa, the 
inner cell mass proliferates rapidly, and 
within its cluster two groups of cells become 
distinguishable. A thicker plate of large cells 
is called the outer germ layer or ectoderm 
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(germ disc) (Figs. 2-24 to 2-28). The single 
layer sheet of cells protruding into the blas- 
tocyst cavity is the inner germ layer or endo- 
derm. Between the invading trophoblast and 
the adjacent embryonic ectoderm there is a 
coalescence of small spaces which combine 
to form a cavity. 

The cells surrounding the cavity within 
the ectoderm stretch out into a thin-roofed 
vesicle known as the amnion; the cavity be- 
comes the amniotic cavity. Simultaneously 
other cells in continuity with the endoderm 
separate from the inner aspect of the cyto- 
trophoblast, giving rise to the exocoelomic 
membrane (of Heuser) (Figs. 2-24; 2-26). In 
this manner the primitive yolk sac is formed 
and its cavity is known as the yolk sac 
cavity. 

The parts of the ectoderm and endoderm 
which are adjacent to each other remain in 
close contact, sharing in the formation of a 
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Fic. 2-28. Diagrammatic representation of a 13-day human embryo which has become completely implanted into the 
uterine wall. Primary chorionic villi have developed as well as the secondary yolk sac. (Redrawn after Langman, 
Medical Embryology: Human Development, Normal and Abnormal, Williams & Wilkins Co., 1969, and Hertig and 


Rock, Amer. J. Obstet. Gynec., 1944.) 
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thickened plate named the embryonic or 
germ disc (Figs. 2-23 to 2-28), from which the 
embryo proper will be developed. This two- 
layered or bilaminated disc consists of the 
columnar cells of the ectoderm, which lie 
adjacent to the amniotic cavity, and the flat- 
ter cells of the developing endoderm, which 
at first lie adjacent to the blastocyst cavity 
and then lie adjacent to the cavity of the 
primitive yolk sac. At about this time, scat- 
tered cells migrate outward from the border 
of the germ disc, forming a loose network 
of cellular processes which stretch across 
the blastocyst cavity and occupy the space 
between the trophoblast and the volk sac, 
helping to hold the latter in place. This is 
the first representation of the middle germ 
layer or mesoderm, and since it occupies 
the blastocyst cavity rather than the germ 
disc, it is called the extraembryonic meso- 
derm (Fig. 2-26). 

EXTRAEMBRYONIC COELOM. The first repre- 
sentation of the body cavity or coelom in the 
human embryo occurs very early, at a time 
when the amniotic cavity and yolk sac are 
still small and the germ disc has just been 
established (Fig. 2-26). The extraembryonic 
mesoderm, just beginning to form, spreads 
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Fig. 2-29. Embryonic disc of 16-day-old human em- 
bryo surrounded by cut edge of amnion. Body stalk cut 
off at posterior end. Primitive groove overlies primitive 
streak. Primitive node at anterior end of primitive 
groove. A, B. C, and D are section levels illustrated in 
Fig. 2-30. A, Prochordal region. B, Notochordal region. 
C, Primitive node region. D, Primitive streak region. 
50 x. (Heuser, Carneg. Inst., Contr. Embryol., 1932.) 


out in a layer over the amnion and yolk sac, 
and around the inner surface of the tropho- 
blast, as well as filling in the cavity of the 
blastocyst with a loose meshwork (Figs. 2-26; 
2-27, labeled chorionic cavity). Between the 
layers of mesoderm covering the embryo 
and lining the blastocyst cavity, the loosely 
arranged mesodermal cells separate from 
each other and leave a space, the extraem- 
bryonic coelom (Figs. 2-26; 2-28; 2-31). The 
body cavity of the embryo proper is formed 
somewhat later and is at first independent of 
this extraembryonic coelom, but during the 
period when the yolk sac is being con- 
stricted at the body stalk, the two cavities do 
become confluent for a short time. 


Development of the Embryo 


EMBRYONIC Disc. As the thickened layers 
of the germ disc grow out into a flat oval 
plate, they begin the formation of the em- 
bryo proper. The narrow end of the disc is 
attached at the body stalk and represents the 
caudal end of the embryo (Figs. 2-32; 2-33). 
The median line or axis in the caudal part of 
the embryonic disc is marked by the primi- 
tive groove (Figs. 2-29; 2-30,D; 2-33). Lying 
along the bottom of the primitive groove is 
an elongated mass of rapidly proliferating 
cells known as the primitive streak (Figs. 
2-30, D; 2-33). The cells formed by this rapid 
proliferation spread out laterally between 
the ectoderm and endoderm as the definitive 
mesoderm of the embryo (intraembryonic 
mesoderm), part of which migrates forward 
as far as the cranial portion of the embryo. 
In this manner the third of the three primary 
germ layers, i.e., the mesoderm, forms be- 
tween the other two (Fig. 2-30, B to D), 
thereby transforming the bilaminar disc into 
a three-layered or trilaminated disc (Fig. 
2-30. A to D). Between the cranial end of the 
primitive streak and this anterior growth of 
mesoderm, the endoderm is thickened into a 
plate known as the prochordal plate. The 
endoderm and ectoderm remain in close 
contact at this point without the intervention 
of mesoderm, and the bilaminar area later 
becomes the buccopharyngeal membrane of 
the future stomodeum. 

THE NOTOCHORD. At the cranial end of the 
primitive streak there appears a knot of ecto- 
dermal cells known as the primitive (Henson’s) 
node (Figs. 2-29; 2-30, B), from which a 
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Fic. 2-30. Transverse sections through presomite embryo shown in Fig. 2-29. A, Prochordal region. B, Notochordal 
region. C, Primitive node region. D, Primitive streak region. 100 x. (Heuser, Carneg. Inst., Contr. Embryol., 1932.) 


strand of cells grows cranialward between 
the ectoderm and endoderm in the midline 
until it is blocked at the prochordal plate. 
This is the notochordal process, and it delin- 
eates the primitive exis of the developing 
embryo. Since the primitive streak must 
grow by a caudalward migration when the 
neural groove lengthens, the further growth 
of the notochordal process occurs by caudal- 
ward migration of the primitive node. Dur- 
ing this migration the notochordal cells form 


a flattened strand or plate which displaces 
the endoderm in the midline for a short time. 
The plate soon becomes a groove and then a 
tube, the notochordal canal. Cells bounding 
the floor of the notochordal canal separate to 
form openings so that the notochordal canal 
now communicates freely with the yolk sac. 
More caudally a temporary communication 
between the yolk sac and the amniotic cav- 
ity is established. This communicating chan- 
nel is called the neurenteric canal and ex- 
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FiG. 2-32. Diagram showing later stage of allantoic 
development with commencing constriction of the yolk 
sac. 


tends by means of the primitive pit (Fig. 
2-29) through both ectoderm and endoderm 
at the primitive node. The primitive pit is 
generally considered homologous with the 
blastopore of lower vertebrates, a structure 
that is importantly involved in the processes 
of gastrulation in these animals. Certain 
early notochordal structures are transient, 
lasting only a short time before the somites 
are formed, but the notochord remains in the 
embryo as a solid rod of cells lying between 
the neural groove and the endoderm in the 
midline as a structural guiding axis for the 
growing vertebral column (Fig. 2-34). Only 
remnants of it persist in the adult. 


EARLY GROWTH OF THE EMBRYO 


NEURAL TUBE. In the middle of the third 
week (about the 18th day), the broad region 
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Fic. 2-33. Dorsal view human embryo 1.38mm. in 
length, medullary groove open, about 18 days old. 
52.5 Xx. (Ingalls, Carneg. Inst., Contr. Embryol., 1920.) 


of ectoderm in front of the primitive streak 
of the embryonic disc becomes thickened 
and elevated into ridges on both sides of the 
midline, forming the neural folds, the first 
evidence of the nervous system (Fig. 2-35, A 
and B). As the primitive streak migrates cau- 
dalward, the neural folds become elongated 
(Fig. 2-33). Intervening between the neural 
folds is a longitudinal invagination called 
the neural groove. At about the end of the 
third week the crests of the neural folds rise 
into ridges, which gradually curve over the 
groove until they join, forming the neural 
tube (Figs. 2-35, C and D; 2-36). The closing 
of the neural groove occurs first along the 
early somites in the region of the future 
hindbrain (Fig. 2-36) and progresses both 
cranialward and caudalward. In the middle 
of the fourth week the cranial opening (ante- 
rior neuropore) of the neural groove finally 
closes at the future forebrain (Fig. 2-37). The 
caudal part of the neural tube is also tempo- 
rarily open and is called the caudal or poste- 
rior neuropore (Fig. 2-37). It normally closes 
on the 26th or 27th day, about two days after 
the closure of the cranial opening. 

While the neural folds are closing, neuro- 
ectodermal cells that lie along the dorsal 
edges of the neural plates on both sides fuse 





DEVELOPMENT OF THE EMBRYt Cw: 


Neural tube 


Somite VIII 


Notochord 


Aorta 


Somatopleure 


Umbilical vein 
Endoderm 
= Yolk sac 


“————= _ Splanchnopleure 


Fig. 2-34, Transverse section through somite VIII (primitive segments) of the 14-somite human embryo shown in Fig. 


2-37. 150 x. (Heuser, Carneg. Inst., Contr. Embryol., 1930.) 
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Fic. 2-35. Successive stages in the development of the neural tube. A, The neural plate develops from neuroectoderm, 
which probably is induced into differentiation by the underlying notochord and paraxial mesoderm. B, The neural 
plate invaginates to form a neural groove between the elevated neural folds on each side. C, The neural folds then 
converge, and at about the end of the third week begin to fuse to form the neural tube. D, As the neural tube fuses, 
certain neuroectodermal cells that do not participate in the formation of the neural tube develop into the neural crest 
and eventually form the sensory and autonomic ganglia, as well as other structures. 


to form the neural crest or ganglionic ridge 
(Fig. 2-35, C, D). These cells then migrate 
lateralward and ventralward beside the neu- 
ral tube, eventually forming certain gangli- 
onic nerve and sheath cell components of 


the cranial, spinal, and autonomic nerves 
(see Chap. 11 for more details). 

The cranial end of the neural tube _ be- 
comes expanded into a large vesicle with 
three subdivisions which correspond to the 
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Fic. 2-36. Dorsum of human embryo, 2.11 mm. In 
length. (After Eternod, Actes helv. Sci. nat. Zurich, 1896.) 


future forebrain (prosencephalon), mid- 
brain (mesencephalon), and _ hindbrain 
(rhombencephalon) (Fig. 2-45). The walls 
develop into the nervous tissue and neurog- 
lia of the brain, and the cavity is modified 
into the cerebral ventricles. The more caudal 
portion of the neural tube develops into the 
spinal cord or medulla spinalis. 

PRimitive Gut. The embryo increases rap- 
idly in size once the neural tube is estab- 
lished in the fourth week, but it does so by 
the overgrowth of the central region of the 
embryonic disc, while the margin of the disc, 
or line of junction between the embryo and 
amnion, stops growing and later even gradu- 
ally becomes narrower. The constriction 
thus formed, corresponding in position to 
the future umbilicus, gradually pinches off 
the dorsal part of the yolk sac included 
in the disc, so that it becomes enclosed in 
the embryo proper as the primitive gut 
(Fig. 2-38). 

Because of the rapid elongation of the 
neural tube, the embryo grows more rapidly 
in length than in width. This results in the 
cranial and caudal ends pushing out beyond 
the margin of the embryonic disc, and bend- 
ing ventrally into head and tail folds (Figs. 
2-37; 2-38). At the cranial end the forebrain 
grows beyond the buccopharyngeal mem- 
brane curving over the developing heart. 


The diverticulum of the primitive gut, which 
occupies the head, is known as the foregut. 
Its most cranial extremity becomes the buc- 
copharyngeal membrane, which marks the 
location of the future opening of the mouth, 
the stomodeum (Fig. 2-38). The caudal end of 
the embryo is at first connected to the cho- 
rion by a band of mesoderm called the body 
stalk, but with the formation of the tail fold, 
the body stalk is moved into the position of 
the umbilicus, and a diverticulum of the 
yolk sac called the hindgut is formed. The 
continuation of the hindgut caudally is a di- 
lated cavity called the cloaca. For a time the 
opening into the yolk sac between the fore- 
gut and the hindgut remains wide, but the 
communication is gradually reduced to a 
slender tube known as the vitelline duct or 
yolk stalk and the yolk sac itself, being rudi- 
mentary, remains a small pear-shaped sac. 


Mesoderm and Somites 


At the primitive streak stage (16 to 17 days) 
intraembryonic mesodermal cells migrate 
forward and laterally from the primitive 
streak on both sides, thereby separating the 
ectoderm and endoderm and transforming 
the bilaminated disc into a trilaminated one 
(Fig. 2-39). Certain cells of the mesoderm 
which migrate forward join across the mid- 
line in the most cranial portion of the em- 
bryo and form a horseshoe-shaped plate 
around the cranial ends of the neural folds. 
At about the time of the formation of the first 
somite (Fig. 2-40), the cells in the interior of 
this newly formed plate separate from each 
other, leaving small vesicles which soon 
coalesce to form a U-shaped cavity. This is 
the earliest representative of the embryonic 
body cavity or coelom, which is destined to 
become the pericardial cavity (containing 
the heart), the pleural cavity (containing the 
lungs), and the peritoneal cavity (containing 
the abdominal viscera). In the cardiogenic 
area the mesoderm of the outer coelomic 
wall becomes the parietal pericardium and, 
combined with the overlying ectoderm, is 
known as the somatopleure. The mesoder- 
mal cells of the inner wall of the coelom will 
form the myocardium and epicardium of the 
heart and, combined with the endoderm, are 
called the splanchnopleure (Fig. 2-34). 

The median portion of the pericardial 
coelom expands greatly to accommodate the 
rapidly enlarging heart. As the rim of the 
embryonic shield is contracted in pinching 
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Fic. 2-37. Lateral view of a 14-somite human embryo. 50 x. (Heuser, Carneg. Inst.. Contr 
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Fig. 2-38. Human embryo about 15 days old. Brain and heart represented from right side. Digestive tube and yolk sac 


in median section. (After His, Anatomie menschlicher Embryonen, F. C. W. Vogel, 1880-1885.) 


. Embryol., 1930.) 
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Fic. 2-39. Cross-sectional diagram through an embryo of about 16 days. At this time mesenchymal cells migrate 


laterally from the primitive streak between the ectoderm and endoderm (entoderm). This mesenchyme forms the 
(intraembryonic) mesoderm, thereby changing the bilaminated disc into a three-layered one. 
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Fic. 2-40. Human embryo at about the end of the third week showing the beginning of the development of somites. 
The crown-rump length at this stage is about 2mm. and subsequent somites develop in a craniocaudal sequence 
behind the first pair. (From Blechschmidt, The Stages of Human Development Before Birth, S. Karger, 1961.) 


off the foregut, the heart and pericardial 
cavity protrude caudalward from the cranial 
ends of the neural folds, gradually becoming 
ventral to them with the foregut in between 
(see Figs. 7-1 to 7-4). Since the heart is the 
fastest growing part of the embryo at this 
time, it forms a prominent cardiac swelling 
between the yolk sac and the head fold of 
the embryo (Figs. 2-37; 2-38). 

VASCULAR MESENCHYME. In the middle of 
the third week (15 to 16 days) and as the 
primitive pericardial cavity begins to ex- 
pand, scattered cells separate from the mes- 
oderm of the pericardial splanchnopleure 
and gather in the interval between the meso- 
derm and endoderm (Fig. 2-34). These cells 
are called mesenchyme (mesenchyma) or 
angioblasts and represent the primordium of 
the endothelial lining of the vascular system. 
They proliferate rapidly and in this cardiac 
region form a tubular sac, the primitive en- 
docardium of the heart. A strand of cells 
grows out from the endocardium on either 
side of the cranial end of the foregut to be- 
come the primordium of the first pair of 
aortic arches. The latter join similar strands 
of cells lying along the notochord which are 
destined to become the dorsal aortae (Figs. 
B-1 to 7-4). 
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At about this time also mesenchymal cells 
appear between the endoderm of the yolk 
sac and its covering of mesoderm. They pro- 
liferate rapidly, some gathering into groups 
to form aggregated masses and cords, which 
are called blood islands; others form strands 
that acquire a lumen and become the yolk 
sac capillaries. The capillaries join into 
larger vessels, which become the vitelline or 
omphalomesenteric veins leading to the 
heart. Similarly, the capillary systems in the 
chorion develop and become the umbilical 
vessels (Fig. 2-41). 

stoop. The cells forming the blood is- 
lands of the vascular mesenchyme of the 
yolk sac are at first in compact groups. The 
fluid within the lumen of the capillaries, the 
primitive blood plasma, gradually separates 
the individual cells of the group into free 
cells, which are swept into the circulation 
when the final circuit is established. These 
are the primitive hemocytoblasts, and most 
of them rapidly acquire hemoglobin in their 
cytoplasm to become the primitive erythro- 
blasts and primitive erythrocytes or red 
blood cells. 

It has been theorized that the vascular 
endothelium, or perhaps even connective 
tissue cells of the later embryo, may revert 
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Fic. 2-41. Semischematic diagram shows basic vascular plan of human embryo at end of first month. For the sake of 
simplicity, the paired vessels are shown only on side toward observer. (Patten, Human Embryology, McGraw-Hill, 


1968.) 
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into hemocytoblasts and produce hemoglo- 
bin-containing blood cells. Another theoret- 
ical point of view, however, is that tissue as 
highly specialized as hemoglobin-containing 
cells must logically come from a specific 
primordium. The mechanism for this would 
be the seeding of undifferentiated descen- 
dents of the primitive blood island hemocy- 
toblasts in various tissues such as the liver, 
spleen, and bone marrow. In favor of this 
view are experiments with amphibian em- 
bryos in which the entire blood island was 
removed surgically. The resulting embryos 
grew into free-swimming larvae with com- 
plete vascular systems including hearts and 
livers but no erythrocytes. The larvae were 
kept alive for as long as 32 days with an 
increased oxygen supply. The circulation of 
clear plasma pumped by the heart could be 
detected by occasional passage of particles 
and non-erythrocytic cells in the capillaries 
of the gills (Federici, 1926; Goss, 1928). 

The beginning of circulation occurs at 
about the eight-somite stage, during the early 
part of the fourth week (22nd day) in the 
human embryo. By this time the vascular 
lumen has become continuous from the en- 
docardium, through the first aortic arches, 
aortae, yolk sac capillaries, and vitelline 
veins. The myocardium has become a mus- 
cular tube contracting with its own regular 
intrinsic rhythm. The cells within the blood 
islands become circulating hemocytoblasts 
and are swept through the vascular lumen 
by the primitive blood plasma and propelled 
by the pumping of the heart. 

The changes that the heart undergoes dur- 
ing its development from the fusion of two 
symmetrically straight tubes into its more 
complex four-chambered structure are de- 
scribed in Chapter 7. This precocious devel- 
opment of the heart and the commencement 
of the circulation is necessary for the sur- 
vival of the embryo because of the defi- 
cleney in stores of nutriment within the 
ovum. Since the circulation becomes estab- 
lished early in the fourth week, the circula- 
tory system becomes the first functional sys- 
tem in the embryo. The growth of the 
umbilical vessels in the body stalk and the 
development of the chorionic villi soon es- 
tablish the interrelationship between the 
embryonic and maternal circulations. 

somites. As the neural folds increase in 
size, the mesoderm along both sides of the 
notochord and neural folds expands into a 
column of cells, the paraxial mesoderm (Fig. 


2-34). Early in the third week the cells of 
these columns become organized into paired 
blocks called primitive body segments or 
somites, which lie just under the ectoderm, 
where they are visible in the intact embryo 
and can be counted (Figs. 2-36; 2-37). From 
the somites are derived most of the axial 
skeleton, its associated musculature, and the 
skin dermis. This primitive segmentation of 
the embryonic mesoderm is retained as the 
muscular and skeletal segments of the ma- 
ture organism. During development each 
individual segment also achieves its seg- 
mental nerve from the adjacently developing 
neural tube. The first pair of somites can be 
recognized on about the 20th day and differ- 
entiates in the future occipital region; the 
separation of new somites progresses in a 
caudal direction until eventually there are 42 
to 44 pairs. The number of somites in each 
part of the human embryo are 4 occipital, 8 
cervical, 12 thoracic, 5 lumbar, 5 sacrale@ame 
8 or 10 coccygeal. The first occipital and last 
few coccygeal somites regress and disap- 
pear. The other occipital somites become 
incorporated into structures of the head. 
Each of the remaining somites differentiates 
into three parts. a sclerotome, a myotome. 
and a dermatome (Fig. 2-42, D). 

At first the somite contains a central cav- 
ity, called the myocele, surrounded by cells 
in a tightly packed epithelioid arrangement 
(Fig. 2-42, C). The ventromedial aspect of the 
somite soon breaks down into irregular- 
shaped cells which migrate toward the noto- 
chord giving rise to the sclerotome. These 
cells multiply rapidly, surround the noto- 
chord, and extend upward beside the neural 
tube to become the primordium of the verte- 
bral column. The cells remaining in the dor- 
sal and ventral parts of the somite next mi- 
grate into the region adjacent to the 
sclerotome. become elongated into myo- 
blasts. and constitute the myotome from 
which the segmentally arranged muscula- 
ture is developed. The remaining lateral 
part of the somite also breaks down; its cells 
migrate closely beneath the ectoderm as 
the dermatome, which provides the future 
dermis (Fig. 2-42). 

While the somites develop from the me- 
dial portion of the paraxial mesoderm, the 
lateral portion spreads out into two thin 
sheets, one lying against the ectoderm, the 
other against the endoderm (Fig. 2-34). The 
space between the two sheets is part of the 
embrvonic coelom (Fig. 2-42). The ectoderm, 
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Fic. 2-42. Drawings from transverse sections of pig embryos of various ages to show formation and early differenti- 
ation of somites. 150 x. A, Beginning of somite formation. B, Seven-somite embryo. C, Sixteen-somite embryo. 
D, Thirty-somite embryo. (Specimens from the Carnegie Institute Collection; figure reproduced from Crouch, Func- 
tional Human Anatomy, Lea & Febiger, 1972.) 


with its layer of somatic mesoderm, is 
known as the somatopleure and forms the 
skin, muscles, bones. and fasciae of the body 
wall. The endoderm, with its layer of 
splanchnic mesoderm. forms the splanchno- 
pleure from which develop the serous mem- 
branes of the future body cavities (Fig. 2-34). 
At the junction between the somites and the 
lateral mesoderm a special strand of cells 
appears which is known as the intermediate 
cell mass or nephrotome. It is the source of 
the future genitourinary system. 


Development of the Body Cavities 


At the time of the commencement of som- 
ite formation, a cavity appears within the 
cardiogenic mesoderm at the cranial end of 
the embryonic disc. This cavity is the first 
indication of the intraembryonic coelom 
(Fig. 2-42. B). The coelom begins with the 
formation of scattered vesicles, which coa- 
lesce into a horseshoe-shaped cavity that is 
continuous across the midline in front of the 
forebrain, but is at first closed caudally in 
the region of the early somites. This cavity is 
the pericardial portion of the primitive coe- 
lomic cavity. The two lateral ends of the 
U-shaped cavity progress caudally, and in a 
short time become confluent with the extra- 
embryonic coelom on each side of the body 
of the embryo. As segmentation of the me- 


Primitive streak 





dial portion of the paraxial mesoderm into 
somite formation continues, clefts occur 
within the mesoderm of the lateral plate 
resulting in the formation of the splanchnic 
and somatic mesoderm layers (Figs. 2-42, B; 
2-43, A). The coelomic cavity forms between 
these layers. The splanchnic mesoderm with 
the underlying endoderm forms the intra- 
embryonic splanchnopleure, while the somatic 


mesoderm with its overlying ectoderm 
forms the intraembrvonic somatopleure 
(Fig. 2-43, B). 


More rostrally as the pericardial cavity 
moves into its position ventral to the foregut 
by the formation of the head fold, a thick 
plate of splanchnic mesoderm comes to lie 
between the enlarged heart and the con- 
stricted portion of the yolk sac. This plate is 
known as the septum transversum. Through 
it the vitelline veins from the yolk sac reach 
the heart, and into it grows the diverticulum 
from the gut which forms the liver (Fig. 2-41). 
The more caudal parts of the coelom remain 
as narrow extensions on each side of the 
foregut in the region of the somites. This 
narrowed portion of the coelom dorsal to the 
septum transversum is called the pleural 
canal because a little later diverticula from 
the foregut which develop into the lungs 
push out this canal and expand it into the 
pleural cavities (Fig. 2-44). 

At this early stage, the coelomic cavity is 
continuous from the _ pericardial cavity 
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Fic. 2-43. Diagrammatic representations of cross sections through developing embryos to illustrate the migration of 


mesoderm laterally from the region of the primitive 


streak between the ectoderm and endoderm (entoderm). 


A, Through the primitive streak at about 16 days. B, Through the neural tube at a somewhat later stage of develop- 
ment, perhaps in the fourth week. (Modified from Arey, Developmental Anatomy: A Textbook and Laboratory 


Manual of Embryology, W. B. Saunders Co., 1974.) 


around the heart, through the pleural canals 
around the lung buds, into the peritoneal 
cavity in the abdomen. Later the coelomic 
cavity is divided into the pericardial, pleu- 
ral, and peritoneal cavities by the formation 
of two septa. One septum begins as a fold of 
tissue on each side from the cranial border 
of the septum transversum and the lateral 
body wall; it protrudes into the pleural canal 
cranial to the lung bud and is known as the 
pleuropericardial fold. Within this fold are 
found the common cardinal vein and the 
phrenic nerve. The fold continues to grow 
outward until it completely closes the canal 
as a septum, separating the pericardial cav- 
ity from the pleural cavities (Fig. 2-44). 

The second fold is more caudally placed 
and appears at the lower part of the septum 
transversum in the region where the com- 
mon cardinal veins (ducts of Cuvier) open 
into the sinus venosus at the base of the 
heart. This fold, known as the pleuroperito- 
neal fold, is also paired, and it grows dor- 
sally from the septum transversum. As the 
growing lung buds expand the thoracic cavi- 
ties at both sides of the heart, the pleuroper- 
itoneal fold contributes an important part of 
the tissue that forms the diaphragm. Eventu- 
ally the diaphragm closes off the coelom and 
separates the pleural cavities from the peri- 
toneal cavity. 


The Branchial Region 


PHARYNGEAL POUCHES AND BRANCHIAL OR 
VISCERAL ARCHES. In the lateral wall of the 
anterior foregut or pharynx there develops 
during the 4th week a series of alternating 
depressions and ridges visible on each side 
of the embryo. The depressions are called 
the pharyngeal pouches, of which five pairs 
appear (Fig. 2-41); each of the upper four 
pouches is prolonged into a dorsal and a 
ventral diverticulum. On the external sur- 
face of the embryo, corresponding indenta- 
tions of the ectoderm occur, forming what 
are known as the branchial or outer pharyn- 
geal grooves (Fig. 2-45, shown but not la- 
beled). The grooves separate a series of 
rounded bars or arches, the branchial or 
visceral arches, in which thickening of the 
mesoderm takes place (Figs. 2-45; 2-47). The 
dorsal ends of the branchial arches are at- 
tached to the sides of the head, while the 
ventral extremities ultimately meet at the 
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Fic. 2-44. Figure obtained by combining several suc- 
cessive sections of a human embryo of about the fourth 
week. The upper arrow is in the pleuroperitoneal open- 
ing, the lower in the pleuropericardial. (After Kollman, 
Handatlas der Entwicklungsgeschichte des Menschen, 
G. Fischer, 1907.) 


midline of the neck. In all, six arches make 
their appearance, but of these only the first 
four are visible externally. The fifth and 
sixth branchial arches are more rudimentary 
and less well defined and can be seen only 
on the inner surface of the pharynx. The first 
arch is named the mandibular, and the sec- 


Midbrain 











Hindbrain 


Forebrain Auditory vesicle 


Stomodeum ——_™ is Js9 

__ Visceral 
arches 
Mandibular arch 


Heart 


ey ~ . = 





Yolk =amme 
stalk m7 
a a Amnion (cut) 


7SSS ere, 


"s 


Sa oO 
Body stalk 


Fic. 2-45. Embryo of the fourth week showing pha- 
ryngeal grooves between visceral arches. (His, Anatomie 
menschlicher Embryonen, F. C. W. Vogel, 1880-1885.) 
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Fic. 2-46. Head end of human embryo, about the end 
of the fourth week. (From model by Peter, Atlas der 
Entwicklung der Nase und des Gaumens beim Men- 
schen, G. Fischer, 1913.) 


ond the hyoid; the others do not have dis- 
tinctive names and are referred to numeri- 
callv (Fig. 2-46). The mandibular and hyoid 
arches are the first ones to appear and are 
recognizable in the 14-somite stage (Fig. 2- 
37). In each arch a cartilaginous bar, consist- 
ing of right and left halves, is developed, and 
with each of these there is one of the primi- 
tive aortic arterial arches. Additionally, each 
arch contains a primordium which will de- 
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Fig. 2-47. The floor and lateral walls of the pharynx of 
a four-week embryo showing the pharyngeal pouches as 
depressions between the pairs of branchial arches. 
(Head end of same embryo shown in Fig. 2-46.) 


velop into muscle tissue, and receives nerves 
on each side which grow into the arch from 
the developing nervous system. 

The mandibular arch lies between the first 
branchial groove and the stomodeum (Fig. 
2-45). This first branchial arch is associated 
with the development of the face, and from 
it develop the lower lip, mandible, muscles 
of mastication, and anterior part of the 
tongue. Its cartilaginous bar is formed by 
what are known as the right and left Meck- 
el’s cartilages (Figs. 2-48; 4-14). The dorsal 
end of each cartilage, related to the develop- 
ing ear, becomes ossified and forms two 
bones of the middle ear, the incus and the 
malleus. The ventral ends of each cartilage 
meet in the region of the symphysis menti, 
and whereas most of the cartilage disap- 
pears, the portion immediately adjacent to 
the malleus is replaced by fibrous membrane 
and becomes the sphenomandibular liga- 
ment. From the connective tissue covering 
the remainder of the cartilage, the greater 
part of the mandible is ossified. The triangu- 
lar-shaped maxillary process grows forward 
on each side from the dorsal ends of the 
mandibular arch to form the cheek and lat- 
eral part of the upper lip. In addition to the 
muscles of mastication, the mylohyoid mus- 
cle, the anterior belly of the digastric muscle, 
and the tensors tympani and palati are de- 
rived from the mandibular arch. The nerve 
of the first arch is the mandibular division of 
the trigeminal nerve. 

The second or hyoid arch assists in form- 
ing the side and front of the neck. From its 
cartilage are developed the styloid process, 
stylohyoid ligament, and lesser cornu of the 
hyoid bone. The stapes probably arises in 
the upper part of this arch. The muscles of 
facial expression along with the stapedius 
muscle, stylohyoid muscle, and posterior 
belly of the digastric muscle develop from 
the hyoid arch. The nerve of the second arch 
is the seventh cranial or facial nerve. 

The cartilage of the third arch gives origin 
to the greater cornu of the hyoid bone. The 
ventral ends of the second and third arches 
unite with those of the opposite side, and 
form a transverse band, from which the 
body of the hyoid bone and the posterior 
part of the tongue are developed. The stylo- 
pharyngeus muscle and the upper pharyn- 
geal musculature are derived from the third 
arch. The glossopharyngeal or ninth cranial 
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Fic. 2-48. Head and neck of a human embryo 18 weeks old, with Meckel’s cartilage and hyoid bar exposed. (After 
Kolliker, Grundriss der Entwicklungsgeschichte des Menschen und der Hoheren Thiere, von Wilhelm Engelmann, 


1880.) 


nerve is associated with the third branchial 
arch. 

The ventral portions of the cartilages of 
the fourth arch unite to form the thyroid car- 
tilage, while from the fifth and sixth arches 
develop the arytenoid, corniculate, cunei- 
form, and cricoid cartilages of the larynx. 
The musculature of the pharynx and larynx 
also forms from these more caudal arches, 
and the superior and recurrent laryngeal 
branches of the vagus nerve are associated 
with them. 

The mandibular and hyoid arches grow 
more rapidly than those behind them, with 
the result that the latter become, to a certain 
extent, telescoped within the former, and a 
deep ectodermal depression, the sinus 
cervicalis, is formed on either side of the 
neck. This sinus is ultimately obliterated by 
the fusion of its walls; if this fails to happen, 
a branchial cyst results, or if the over- 
growing mandibular and hyoid arches fail to 
fuse with the fifth arch below, a branchial 
fistula will develop. 

From the first branchial groove the concha 
of the ear and external acoustic meatus are 
developed, while around the groove there 
appear, on the mandibular and hyoid arches, 
a number of swellings from which the auri- 
cula or pinna of the external ear is formed 
(Fig. 2-57). No traces of the second, third, and 
fourth branchial grooves persist. 

The first pharyngeal pouch is prolonged 


dorsally to form the auditory tube and the 
tympanic cavity: the closing membrane be- 
tween the mandibular and hyoid arches is 
invaded by mesoderm, and forms the tym- 
panic membrane. The inner part of the sec- 
ond pharyngeal pouch is named the sinus 
tonsillaris; in it the palatine tonsil is devel- 
oped, above which a trace of the sinus per- 
sists as the supratonsillar fossa. The fossa of 
Rosenmiuller or lateral recess of the pharynx 
is regarded by some as a persistent part of 
the second pharyngeal pouch, but it is prob- 
ably developed as a secondary formation. 
From the third pharyngeal pouch the thymus 
arises as an endodermal diverticulum on ei- 
ther side, and from the fourth pouches small 
diverticula project and become incorporated 
with the thymus, but in man these divertic- 
ula probably never form true thymus tissue. 
The parathyroid glands also arise as diver- 
ticula from the third and fourth pouches. 
From the fifth pouches the ultimobranchial 
bodies originate and are enveloped by the 
lateral prolongations of the median thyroid 
rudiment; they do not, however, form true 
thyroid tissue, nor are any traces of them 
found in the human adult (see Development 
of Thyroid Gland, Chapter 18). 

NOSE AND Face. During the third week 
two sites of thickened ectoderm, the olfac- 
tory areas, appear immediately under the 
forebrain in the anterior wall of the 
stomodeum, one on either side of a region 
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termed the frontonasal process (Fig. 2-49). 
By the upgrowth of the surrounding parts 
these areas are converted into shallow de- 
pressions, the olfactory pits, which indent 
the frontonasal process and divide it into a 
medial and two lateral nasal processes (Fig. 
2-50). The rounded lateral angles of the me- 
dial process constitute the globular proc- 
esses. The olfactory pits form the rudiments 
of the nasal cavities, and the epithelium 
which lines the nasal cavities (except that of 
the inferior meatuses) is derived from the 
ectodermal lining of the olfactory pits. The 
globular processes are prolonged backward 
as plates, which are termed the nasal lami- 
nae. These laminae at first are some distance 
apart, but they gradually approximate and 
ultimately fuse to form the nasal septum. 
More superficially, the globular processes 
themselves meet at the midline, and form the 
premaxillary bones, as well as the philtrum 
or central part of the upper lip (Fig. 2-53). 
Between the globular processes, the de- 
pressed region of the medial nasal process 
forms the lower part of the nasal septum or 
columella. Above this is seen a prominent 
angle, which becomes the future apex of the 
nose (Figs. 2-50; 2-51), and still higher a flat 
area, the future bridge of the nose. The lat- 
eral nasal processes form the alae of the ex- 
ternal nose. 

Continuous with the dorsal end of the 
mandibular arch and growing forward from 
its cranial border is the triangular maxillary 
process, the ventral extremity of which is 
separated from the mandibular arch by a 


V-shaped notch (Fig. 2-49). The maxillary 
process forms the lateral wall and floor of 
the orbit, and within it are ossified the zygo- 
matic bone and the greater part of the max- 
illa. As development ensues, the maxillary 
process meets with the lateral nasal process, 
but is separated from it for a time by a 
groove, the nasolacrimal sulcus, which ex- 
tends from the furrow encircling the eyeball 
to the olfactory pit. Ultimately the maxillary 
processes fuse with the lateral nasal and 
globular processes to form the lateral parts 
of the upper lip and the posterior boundaries 
of the nares (Figs. 2-52; 2-53). From the third 
to the fifth month the nares are filled by 
masses of epithelium, which then break 
down and disappear, thereby forming the 
permanent openings. Additionally, the max- 
illary process gives rise to the lower portion 
of the lateral wall of the nasal cavity. The 
roof of the nasal cavity and the remaining 
parts of its lateral wall (the ethmoidal laby- 
rinth, the inferior nasal concha), as well as 
the lateral cartilage and the lateral crus of 
the alar cartilage of the external nose, are 
developed in the lateral nasal process. 

The primitive palate develops by the fu- 
sion of the maxillary and nasal processes in 
the roof of the stomodeum (Fig. 2-54). The 
olfactory pits (also called nasal pits), which 
will become the nasal cavities, extend back- 
ward above the primitive palate. The poste- 
rior end of each pit is closed by an epithelial 
membrane, the bucconasal (oronasal) mem- 
brane, formed by the apposition of the nasal 
and stomodeal epithelium. As these mem- 
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Fig. 2-49. Facial region of a human embryo about 29 days old. (After His, Anatomie menschlicher Embryonen, 


F. C. W. Vogel, 1880-1885.) 
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Fic. 2-50. Head end of a embryo of 30 to 31 days. 
(From model by Peter, Atlas der Entwicklung der Nase 
und des Gaumens beim Menschen, G. Fischer, 1913.) 


branes rupture, the primitive choanae or 
openings between the olfactory pits and the 
stomodeum are established. 

The floor of the nasal cavity develops 
from a pair of shelf-like lateral palatine 
processes, which extend medialward from 
the maxillary processes (Figs. 2-54 to 2-56): 
these coalesce in the midline to constitute 
the entire palate, except for a small anterior 
portion, which is formed by the premaxil- 
lary bones. Two apertures-persist for a time 
between the palatine processes and the 
premaxillae. In lower animals these persist 
as permanent channels while in the adult 
human palate the apertures are represented 
by the incisive foramen anteriorly in the 
hard palate. The union of the parts that form 
the palate commences anteriorly, the pre- 
maxillary and palatine processes joining in 
the ninth week, whereas the region of the 
future hard palate is completed by the tenth, 
and that of the soft palate by the end of the 
third month. By this time the permanent 
choanae are formed and are situated at 
the junction of the nasal cavities and the 
pharynx, a considerable distance posterior 
to the primitive choanae. 

Failure in the union of the palatine proc- 
esses with each other and with the nasal sep- 
tum occurs about once in 2500 births (Moore. 
1973). The resulting malformation is called 
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Fig. 2-51. Same embryo as shown in Fig. 2-50 with 
front wall of pharynx removed. 


cleft palate and may manifest itself with 
varying degrees of severity. A mild deform- 
ity may be simply a small furrow in the soft 
palate, while in more severe cases, a large 
midline fissure may extend throughout the 
length of both the hard and soft palate. Per- 
haps the most important congenital deform- 
ity of the face is cleft lip (hare lip). This re- 
sults through a failure in the fusion of the 
maxillary process with the corresponding 





Fic. 2-52. Head of a human embryo of about eight 
weeks in which the nose and mouth are formed. (His, 
Anatomie menschlicher Embryonen, F. C. W. Vogel, 
1880-1885.) 
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FiG. 2-53. Diagram showing the regions of the adult 
face and neck related to the frontonasal process and the 
branchial arches. 


globular process (medial nasal process). 
Occurring about once in 900 births, it may be 
either unilateral or bilateral. 

The nasal cavity becomes divided by the 
vertical nasal septum, which extends down- 
ward and backward from the medial nasal 
process and nasal laminae, and unites below 
with the transversely oriented palatine proc- 
esses. Into this septum a plate of cartilage 
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extends from the inferior aspect of the eth- 
moid plate of the chondrocranium. The an- 
terior part of this cartilaginous plate persists 
as the septal cartilage of the nose and the 
medial crus of the alar cartilage. but the pos- 
terior and superior parts are replaced by the 
vomer and perpendicular plate of the eth- 
moid. On each anteroinferior surface of the 
nasal septum, the ectoderm is invaginated to 
form a small blind pouch or diverticulum. 
These extend posteriorly for 3 to 5mm, and 
each is supported by a tiny curved plate of 
cartilage. These pouches are called the vo- 
meronasal organs (of Jacobson) and in man 
they are rudimentary (Fig. 2-54). In certain 
other mammals, however, they apparently 
serve as accessory organs of olfaction, since 
their nerve filaments join the olfactory 
nerve. 


The Limbs 


The limbs first appear in the fourth week 
as small elevations or buds at the side of 
the trunk. Unsegmented somatic mesoderm 
pushes into the limb buds and multiplies by 
division of its cells into closely packed cellu- 
lar masses. During the sixth week, the fore- 
limbs have grown anteriorly and lie lateral 
to the developing heart (Fig. 2-57). As the 
seventh and eighth weeks progress, the em- 
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Fic. 2-54. Frontal section of nasal cavities of a human embryo 28 mm. long. (Kollman, Handatlas der Entwicklungs- 


geschichte des Menschen, G. Fischer, 1907.) 
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Fic. 2 55. Primitive palate of a human embryo of 37 to 
38 days. On the left side of the specimen the lateral wall 
of the nasal cavity has been removed. (From a model by 
Peter, Atlas der Entwicklung der Nase und des Gau- 
mens beim Menschen, G. Fischer, 1913.) 


bryo becomes distinctly human in its form 
and the developing hands approximate the 
nose and chin (Fig. 2-58). The intrinsic mus- 
cles of the limbs differentiate in situ. The 
upper limb, developing in the caudal neck 
region, receives its innervation from the 
fourth cervical to the second thoracic spinal 
nerves. The lower limb bud develops in the 
lumbosacral region and receives nerves 
from the twelfth thoracic through the fourth 
sacral segments before the limbs migrate 
caudally. 

The axial part of the mesoderm of the 
limb bud becomes condensed and converted 
into its cartilaginous skeleton. By its ossifica- 
tion the bones of the limb are formed. The 
three chief divisions of each limb can al- 
ready be identified by the end of the sixth 
weck. Furrows separate the upper limb into 
arm, forearm, and hand, and the lower limb 
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into thigh, leg, and foot (Fig. 2-57). The limbs 
are at first directed inferiorly nearly parallel 
to the long axis of the trunk, and each pre- 
sents two surfaces and two borders. Of the 
surfaces, one, the future flexor surface of the 
limb, is initially directed ventrally; the other, 
the extensor surface, dorsally; one border, 
the preaxial, is oriented toward the cranial 
end of the embryo, and the other, the post- 
axial, toward the caudal end. The lateral 
epicondyle of the humerus, the radius, and 
the thumb lie along the preaxial border of 
the upper limb; and the medial epicondyle 
of the femur, the tibia. and the great toe lie 
along the preaxial border of the lower limb. 
The limbs next undergo a rotation through 
an angle of 90 degrees around their long 
axes, the rotation being effected almost en- 
tirely at the limb girdles. Flexion increases at 
the elbow and knee, with the elbow pointing 
caudally and the knee cranially (Fig. 2-58). 
The upper limb rotates laterally and as a 
consequence its preaxial (radial) border is 
directed lateralward while the ventral 
(flexor) surface of the forelimb is turned 
cranially or anteriorly. The opposite (me- 
dial) rotation occurs in the lower limb. In the 
hindlimb, rotation directs the preaxial (tib- 
ial) border medially while the ventral 
(flexor) surface is oriented posteriorly. 


FETAL MEMBRANES AND PLACENTA 


The fetal membranes which protect and 
nourish the human embryo and which allow 
the elimination of metabolic materials are 
the chorion (which develops from the troph- 
oblast), amnion, yolk sac, and allantois. The 
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Fic 2-56. The roof of the mouth of a human embryo, aged about 244 months, showing the mode of formation of the 
palate. (His, Anatomie menschlicher Embryonen, F. C. W. Vogel, 1880-1885.) 
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Fic. 2-57. Embryo of about six weeks. (His, Anatomie 
menschlicher Embryonen, F. C. W. Vogel, 1880-1885.) 





Fic. 2-58. Human embryo about 8!, weeks old. (His. 
Anatomie menschlicher Embryonen, F. C. W. Vogel, 
1880-1885.) 


organ of metabolic transfer between the 
mother and fetus is called the placenta and 
includes a fetal portion derived from the 
chorion and a maternal part from the endo- 
metrial wall of the uterus. 

In the early blastocyst stage, the tropho- 
blast consists of a single layer of cells (Figs. 
2-22 to 2-25). As the blastocyst becomes em- 
bedded in the endometrium of the uterus, 
two layers are formed in the trophoblast: 
The outer layer, rich in nuclei but with no 
evident cell boundaries, is called the 
syncytiotrophoblast; the inner layer (of 
Langhans) is cellular and is called the cyto- 
trophoblast (Figs. 2-25 to 2-28; 2-59; 2-60). 
The trophoblast invades the tissue and ves- 
sels of the uterine wall and becomes con- 
verted into a thick sponge-like mass of 
strands consisting of cores of cytotropho- 
blast and outer coverings of syncytiotro- 
phoblast. The walls of the uterine vessels 
lying in the path of the trophoblast become 
eroded. and maternal blood seeps into the 
spaces between the strands of trophoblast. 
These spaces are now called the intervillous 
spaces (Figs. 2-59; 2-60). 


Chorion 


The outermost fetal membrane is known 
as the chorion. Its structure includes the 
strands of trophoblast that have become 
anchored to the uterine tissue and others 
that protrude into the intervillous space as 
primary villi (Figs. 2-59; 2-61). Its internal 
cavity (chorionic cavity or extraembryonic 
coelom) at first contains only fluid and loose 
strands of extraembryonic mesoderm. Later 
the amnion expands so rapidly that it en- 
croaches upon the chorionic cavity until it 
comes into contact with the inner wall of the 
chorion. thereby obliterating its cavity (Figs. 
2-63: 2-64). The chorionic tissue, however, 
continues to expand throughout pregnancy 
to accommodate the growing fetus and 
serves as the outer barrier between it and the 
maternal tissue across which physiological 
exchange must be maintained. 

CHORIONIC viLLUIL. The primary villi of the 
chorion develop from the solid strands of 
trophoblast which extend into the uterine 
wall. The villi consist of an inner cluster of 
proliferating cytotrophoblast cells covered 
with an irregular layer of syncytiotrophoblast 
(Fig. 2-59). The primary villi are converted 
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Fic. 2-59. Primary chorionic villi. Diagrammatic. (Modified from Bryce et al., 1908.) 
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Fic. 2-60. Secondary or true chorionic villi. Diagrammatic. (Modified from Brvce et al., 1908.) 


into the secondary or true chorionic villi by 
an ingrowth into each primary villus of a 
central core of mesoderm. Capillaries begin 
to differentiate within this mesodermal core 
and soon connect with vascular sprouts 
from the umbilical vessels which have 
grown into the chorionic mesoderm by way 
of the body stalk. As the chorionic villi con- 
tinue to grow and ramify, the ingrowth of 
mesoderm and the proliferation of the um- 
bilical vessels keep pace. establishing the 
structural substrate for the exchange of nu- 
trients and metabolites between the fetal 
and maternal circulation (Figs. 2-60; 2-64; 
2-65). 

Until the end of about the second month, 


the villi sprout from the entire outer surface 
of the chorion and are more or less uniform 
in size. After this time the villi nearest the 
body stalk of the embryo (Figs. 2-62; 2-65) 
grow more elaborate and complicated than 
the rest, becoming the fetal portion of the 
placenta. This is called the chorion 
frondosum (leafy chorion) and the portion of 
the endometrium to which it is attached is 
known as the decidua basalis. The villi in 
the rest or nonplacental chorion gradually 
atrophy and by the end of the fourth month 
scarcely a trace of them is left. The resulting 
smooth surface over this part of the chorion 
accounts for its name, the chorion laeve (Fig. 
2-64). 
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Fic. 2-61. Diagram illustrating early formation of al- 
lantois and differentiation of body stalk. 


MATERNAL TISSUES. Important morpho- 
logic changes occur in the endometrial wall 
of the uterus in preparation for the possible 
attachment of a developing blastocyst. It is 
said to enter the progravid phase. These 
changes may also be considered premen- 
strual because the superficial layer of the 
endometrial wall is lost during the men- 
strual period in the event that a fertilized 
ovum does not become implanted. If the 
implantation of an ovum occurs, however, 
the thickness and vascularity of the endome- 
trium are greatly increased. During this 
gravid phase, the uterine glands are elon- 
gated with funnel-shaped orifices at the sur- 
face, and their deeper portions are dilated 
into irregular, tortuous spaces. 

The trophoblastic cells of the implanted 
blastocyst chorion secrete a hormone called 
chorionic gonadotropin, which sustains the 
life of the corpus luteum. The resulting cor- 
pus luteimm of pregnancy continues to se- 
crete another hormone. progesterone. As a 
result of these hormonal influences, the 
menstrual period does not occur, and the 
endometrial wall of the uterus continues to 
develop into a favorable site for gestation. 
Since large amounts of chorionic gonado- 
tropin are secreted at this time, its excess is 
excreted in the urine of the pregnant 
woman. This forms the basis of the urine 
pregnancy tests. one of which is the Fried- 
man modification of the Ascheim-Zondck 
test. In this test 4 ml of urine are injected in- 
travenously twice daily for two days into a 
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Fig. 2-62. Diagram showing later stage of allantoic 
development with commencing constriction of the yolk 
sac. 


virgin, mature, female rabbit. The presence 
of chorionic gonadrotropin, and hence a 
positive test for pregnancy, causes the rabbit 
to ovulate resulting in the presence of fresh 
corpora lutea or hemorrhagic corpora de- 
tectable in the ovaries of the rabbit. 

The changes in the uterine wall are well 
advanced by the second month of pregnancy 
and the tissue between the uterine glands 
has become crowded with enlarged, glyco- 
gen-rich, connective tissue cells known as 
decidual cells. The endometrium consists of 
the following strata (Fig. 2-66): (1) the stra- 
tum compactum, next to the free surface, is 
traversed bv the necks of the uterine glands 
and contains arather compact layer of inter- 
glandular tissue; (2) the stratum spongiosum 
contains the tortuous and dilated glands and 
only asmall amount of interglandular tissue: 
(3) the stratum basalis, or boundary layer 
next to the uterine muscular wall, contains 
the deepest parts of the uterine glands. At 
each menstrual flow and at the termination 
of pregnancy, the stratum compactum and 
stratum spongiosum are sloughed. Together 
these two strata of the endometrium are 
known as the pars functionalis because they 
are cyclically undergoing a changing histo- 
logical structure in reaction to the hormonal 
secretions of the ovary. The stratum basalis 
remains relatively unchanged and serves as 
the source for the regenerating tissue for the 
functional laver. 

The decidua (Latin deciduus = falling off) 
is the name given to the pars functionalis of 
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Fic. 2-63. Diagram showing the expansion of amnion 
and constriction of the yolk sac. 


the endometrium during pregnancy. The 
various parts of the decidua are given spe- 
cial names according to their relationship to 
the chorion of the embryo and fetus. That 
part beneath the chorion frondosum is the 
decidua basalis. It is the thickest and deep- 
est part of the endometrium between the 
embryo and the muscular layer of the uterus. 
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Fig. 2-64. Diagram illustrating a later stage in the 
development of the umbilical cord. 


(Since it is also the part of the decidua in- 
volved in forming the placenta, it is some- 
times called the decidua placentalis.) The 
portion of the decidua that is thin, continu- 
ous with the decidua basalis, and closes over 
the rest of the embryo after it has burrowed 
into the uterine tissue is the decidua capsu- 
laris. Finally, the part that lines the rest of 
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Fic. 2-65. Model of human embryo 1.3 mm. long. (After Eternod, Actes helv. Sci. nat. Zurich, 1896.) 
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Fic. 2-66. Diagrammatic sections of the uterine mu- 
cous membrane. A, The nonpregnant uterus. B, The 
pregnant uterus, showing the thickened mucous mem- 
brane and the altered condition of the uterine glands. 
(Kundrat and Englemann, Stricker’s Med. Jahrb., 1873.) 


the uterus is the decidua parietalis or the de- 
cidua vera (Fig. 2-67). 

During the growth of the embryo, the de- 
cidua capsularis is stretched but not broken. 
Gradually, by the third month the cavity of 
the uterus is filled, and the decidua capsu- 
laris comes into contact with the decidua 
parietalis (vera). By the fifth month the de- 
cidua capsularis has practically disap- 
peared, and during the succeeding months 
the decidua parietalis also undergoes atro- 
phy from the increased pressure. By this 
time also the glands of the stratum compactum 
are obliterated, and in the spongiosum they 


become compressed into slit-like fissures 
with degenerated epithelium. In the stratum 
basalis, the glandular epithelium is retained. 


The Amnion 


The human amnion is the inner fetal mem- 
brane that surrounds the embryo and con- 
tains the amniotic fluid in utero. It arises in 
the ectodermal part of the inner cell mass 
and lies next to the trophoblast during the 
second week of development. Fluid is se- 
creted within the cluster of cells, causing the 
formation of the amniotic cavity (Figs. 2-26 
to 2-28; 2-61 to 2-64). Thus, during the second 
and third weeks the amniotic cavity is cov- 
ered by a layer of epithelial cells called am- 
nioblasts, which are attached to the margins 
of the embryonic disc, while the floor of the 
cavity is formed by the columnar ectoder- 
mal cells of the disc (Fig. 2-26). As the amni- 
otic cavity increases in size, the amnioblasts 
become flat and the outer surface is sepa- 
rated from the cytotrophoblast by a layer 
of extraembryonic mesoderm. About the 
fourth week, amniotic fluid accumulates and 
expands the amnion. By the end of about 
the second month, the amnion comes into 
contact with the inner wall of the chori- 
onic sac, thereby obliterating the primitive 
blastocyst cavity. The amnion also grows 
around the body stalk and yolk sac and 
thus forms the covering of the umbilical 
cord (Figs. 2-61 to 2-64). 

The amniotic fluid increases in quantity 
up to the sixth or seventh month of preg- 
nancy, after which it diminishes somewhat; 
at the end of pregnancy it amounts to about 
1 liter. The initial fluid in the amniotic cavity 
is probably secreted by the amnioblasts. As 
development continues, amniotic fluid is 
derived by filtration from the maternal cir- 
culation. Fetal urine also is normally found 
in the fluid. 

The fetus is not only surrounded by the 
fluid but also swallows it, and the fluid not 
only is found in the fetal gastrointestinal 
tract but probably in the respiratory tract as 
well. The amniotic fluid allows the fetus free 
movement, and the buoyancy of the amni- 
otic sac protects it from mechanical injury 
during the later stages of pregnancy. 


The Yolk Sac 


The primary yolk sac probably com- 
mences development from the cluster of 
endodermal cells in the inner cell mass as 
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Fic. 2-67. Sectional plan of the gravid uterus in the third and fourth month. (After Wagner.) 


early as the second week (Figs. 2-61 to 2-64). 
As it expands into a vesicle, two parts be- 
come distinguishable. The part lying against 
the embryonic disc becomes the future 
primitive gut of the embryo; the thinner ex- 
pansion growing out into the cavity of the 
chorion is the more definitive yolk sac. The 
extraembryonic mesoderm on the outer sur- 
face of the endodermal yolk sac becomes a 
compact layer which differentiates quite 
early. During the presomite and early somite 
stages, the cells of this mesodermal layer 
proliferate rapidly, producing aggregates of 
cells that are known as blood islands and 
give the yolk sac a lumpy appearance (Fig. 





Body stalk 


Fig. 2-68. Human embryo of 2.6 mm. (His, Anatomie 
menschlicher Embryonen, F. C. W. Vogel, 1880-1885.) 


2-68). The outermost cells of the blood is- 
lands gradually become flattened into primi- 
tive endothelium; the inner cells become 
separated from each other by a small 
amount of primitive blood plasma, and most 
begin to elaborate hemoglobin in their cyto- 
plasm. The blood vessels of the yolk sac 
remain as the vitelline plexus, fed by the vi- 
telline or omphalomesenteric artery and 
drained by the vitelline or omphalomesen- 
teric vein (Fig. 2-41). In the human embryo, 
after it has supplied the blood cells for the 
beginning of circulation, the yolk sac ap- 
pears to have little further function and un- 
dergoes regression (Fig. 2-69). 
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Fic. 2-69. Human embryo from 31 to 34 days. (His, 
Anatomie menschlicher Embryonen, F. C. W. Vogel. 
1880-1885.) 
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At the end of the fourth week the yolk sac 
presents the appearance of a small pear- 
shaped vesicle (umbilical vesicle) and opens 
into the digestive tube by the long narrow 
yolk stalk. As the amnion spreads around 
the body stalk and over the inner surface of 
the chorion, the proximal part of the yolk 
stalk becomes enclosed in the umbilical 
cord. The distal part extends to the placenta 
and ends in the yolk sac vesicle, which lies 
between amnion and chorion, either on the 
placenta or a short distance from it (Fig. 2- 
67). The vesicle can be seen in the afterbirth 
as a small oval body whose diameter varies 
from 1to 5mm. As arule the yolk stalk un- 
dergoes complete obliteration during the 
seventh week, but occasionally it persists 
within the embryo. In about 2% of adult 
bodies a patent omphalomesenteric duct 
(yolk stalk) is found as a diverticulum from 
the small intestine, Meckel’s diverticulum. 
When present it is situated about 1 meter 
proximal to the ileocolic junction and may 
be attached by a fibrous cord to the abdomi- 
nal wall at the umbilicus. 


The Allantors 


The human allantois (Figs. 2-38; 2-61 to 
2-65; 2-67) arises as a tubular diverticulum 
from the caudal wall of the yolk sac on 
about the 16th day of development. When 
the hindgut is developed the allantois retains 
an opening into its terminal part, the cloaca. 
The allantois grows out into the body stalk 
as a diverticulum and with it are carried the 
allantoic vessels, which eventually form the 
umbilical vessels and their branches in the 
chorionic villi of the placenta. In reptiles, 
birds, and many mammals the allantois ex- 
pands into a large sac, acquires an elaborate 
blood supply, and plays an important meta- 
bolic role as well as serving as a reservoir for 
excretions. In man and other primates, how- 
ever, the allantois itself remains rudimen- 
tary and of minor significance, but its blood 
vessels become functionally important as 
the umbilical vessels. The allantoic divertic- 
ulum thus extends from the fetal hindgut 
into the umbilical cord as a narrow canal 
called the urachus. In the fully developed 
infant this canal becomes obliterated. This 
results in the formation of a fibrous cord, the 
median umbilical ligament, which extends 
from the fundus of the urinary bladder to the 
umbilicus. 


Body Stalk and Umbilical Cord 


The body stalk or connecting stalk devel- 
ops between the embryo and the chorion, 
and along this stalk the embryonic blood 
vessels communicate with those of the cho- 
rion. Proximally, the body stalk contains the 
allantoic duct, whereas the umbilical vessels 
travel throughout its length. Subsequently 
the body stalk becomes a part of the umbili- 
cal cord. 

The inner cell mass of the blastocyst dur- 
ing the first week is directly in contact with 
the trophoblast. After the development of 
the embryonic disc, chorionic mesoderm 
anchors the embryo to the inner wall of the 
chorion. As the embryo and the chorion 
grow, this mesodermal attachment becomes 
elongated into the body stalk (Figs. 2-62; 2- 
65), which extends from the posterior end of 
the embryo to the chorion. When the tail 
fold is formed, the attachment moves to the 
midventral region of the embryo (Figs. 2-62 
to 2-64), becoming the umbilical cord. 

The umbilical blood vessels grow beside 
the allantois into the body stalk and ramify 
as the chorionic vessels. These channels pro- 
vide the vascular pathways to and from the 
embryo and the chorion. With further devel- 
opment of the embryo and the expansion of 
the amnion, the body stalk and yolk sac be- 
come enclosed in the formation of the um- 
bilical cord. The mesoderm of the body stalk 
blends with that of the yolk sac and its elon- 
gated yolk stalk, being converted into a ge- 
latinous tissue known as Wharton’s jelly. 

The umbilical cord at this stage consists of 
an outer covering of epithelial cells derived 
from the amnion and an inner mass of meso- 
dermally derived gelatinous tissue. Within 
this soft tissue are the vitelline and allantoic 
ducts and the vitelline and umbilical (allan- 
toic) vessels. The vitelline vessels, together 
with the right umbilical vein, undergo atro- 
phy and disappear. Thus, the cord at birth 
contains a pair of umbilical arteries and one 
(the left) umbilical vein. It attains a length of 
about 50cm and a diameter of about 1.5 cm 
(Fig. 2-70). 


THE PLACENTA 
The placenta is the highly specialized 


organ which provides the fetus with nutri- 
tion and oxygen and removes the excretory 





\ } 
SAY ) “ \d 
345 " a 
\ ' - 
5 > 
~ 





LK Cervix uteri 


Fig. 2-70. Fetus in utero, between fifth and sixth 


months. 


products of fetal metabolism. It is a transient 
organ through which fetal and maternal cir- 
culations, although closely associated func- 
tionally, remain physically separate. By 
means of the placenta the fetus is structur- 
ally attached to the uterine wall. It has both 
a fetal and a maternal portion. 

The fetal portion of the placenta consists 
of the villi of the chorion frondosum. The 
elaborate system of villi are suspended in 
the intervillous space, and are bathed in 
maternal blood. In this manner the surface 
area of the trophoblastic epithelium is enor- 
mously enlarged, thereby enhancing the 
physiological exchange between the two cir- 
culations. Branches of the umbilical arteries 
enter each chorionic villus and end in capil- 
lary plexuses, which in turn are drained bv 
tributaries of the umbilical vein. Within a 
villus, the endothelium of the blood vessels 
is surrounded by a thin layer of gelatinous 
mesodermal connective tissue and_ the 
trophoblast. During the first half of preg- 
nancy the trophoblast consists of two layers: 
(1) the deeper stratum next to the connective 
tissue is the cellular cytotrophoblast or 
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Langhans’ layer, and (2) the superficial layer 
in contact with the maternal blood of the in- 
tervillous space is the syncytiotrophoblast. 
The cells of the cytotrophoblast form a ger- 
minal layer of rapidly dividing cells, which 
then coalesce with the overlying syncytio- 
trophoblast. After about the fifth month this 
cell division appears to stop, and thereafter 
the finger-like villi are lined by only a single 
stratum, that of the syncytiotrophoblast. 

The maternal portion of the placenta is 
formed by the decidua basalis, which lies 
adjacent to the chorion frondosum. Changes 
in the pars functionalis of the endometrial 
wall involve the conversion of the greater 
portion of the stratum compactum and the 
stratum spongiosum into a basal plate and 
placental septa (Fig. 2-71), through which the 
uteroplacental branches of the uterine ar- 
teries and veins pass to and from the inter- 
villous space. The endothelial lining of these 
vessels ceases at the intervillous space, 
where the tunica media and intima become 
replaced by syncytiotrophoblast. Portions of 
the stratum compactum persist in the form 
of septa and extend from the basal plate 
through the thickness of the placenta, subdi- 
viding it into as many as 30 lobules or cotyle- 
dons. The septa project into the intervillous 
space and each cotyledon, considered a pla- 
cental unit, contains several branching 
chorial trunks from which the individual 
free villi bathe in the surrounding pool of 
maternal blood (Figs. 2-60; 2-71). Fetal blood 
passes through the vessels of the placental 
villi, yet the two currents do not intermingle. 
being separated from each other by the deli- 
cate walls of the villi. Nevertheless, through 
the walls of the villi the fetal blood is able to 
absorb oxygen and nutritive materials from 
the maternal blood, and to give up its waste 
products to the latter. The purified blood is 
then returned to the body of the fetus by the 
umbilical vein. The term placental barrier 
has been used to refer not only to the nature 
of the transfer of some substances between 
the two circulations, but also to the blockage 
of others. The cellular biology of the 
mother-fetal relationship is also of consider- 
able interest, especially in light of the fact 
that the successful fetal chorionic graft onto 
the maternal endometrium represents the 
functional union of cells of two different 
genolypes. 

The placental attachment usually is lo- 
cated near the fundus of the uterus, and 
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TABLE 2-2. 






Sitting 
height 
at end of 
week, mm 


Menstrual 
age. weeks 


§ 

2 
10 
11 
12 
13 
14 
15 
16 
si 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


more frequently on the posterior than on the 
anterior wall. It may be situated at a lower 
position, however, and in rare cases, its site 
is close to the internal os or opening into the 
cervix. When this occurs, the internal os 
may be occluded, giving rise to the condition 
known as placenta previa. In these instances 
the placenta may become a barrier to a nor- 
mal delivery. 

SEPARATION OF THE PLACENTA. After the 
child is delivered, the placenta and fetal 
membranes (chorion laeve and amnion) are 
expelled from the uterus as the afterbirth. 
Not only the decidua basalis, which under- 
lies the chorion frondosum, but also the con- 
tiguous decidua parietalis and decidua cap- 
sularis separate from the uterine wall. The 


Increment 
in height 


Menstrual Age with Mean Sitting Height and Weight of 
Fetus. (Streeter, 1921) 


Increment 
Formalin in weight 
weight, 


grams 





grams % 
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Pass 99.3 
4.6 41.3 
fos) 41.8 
14.2 44.4 
26.0 45.4 
45.0 42.2 
72.0 aro 
108.0 33.3 
150.0 28.0 
198.0 24.2 
253.0 217 
316.0 20.0 
385.0 18.0 
460.0 16.3 
942.0 15.0 
630.0 14.0 
723.0 13.0 
823.0 bes 
830.0 11.5 
1045.0 11.0 
1174.0 11.0 
1323.0 11.3 
1492.0 11.3 
1680.0 gia Ie 
1876.0 10.4 
2074.0 2 Fo 
2274.0 8.8 
2478.0 8.2 
2690.0 8.0 
2914.0 Zh 
3150.0 7.9 
3405.0 7.9 


detachment occurs through the stratum 
spongiosum, and necessarily causes rupture 
of the uterine vessels. The vessels are tightly 
compressed and closed, however, by the 
firm contraction of the uterine muscular 
fibers, and thus, postpartum hemorrhage 
normally is limited. During the postpartum 
period, the epithelial lining of the uterus is 
restored by the proliferation and extension 
of the epithelium, which lines the remaining 
portions of the uterine glands in the stratum 
basalis of the endometrium. 

The expelled placenta is a flattened dis- 
coid mass which weighs between 450 and 
600 gm and attains a diameter of 15 to 20cm. 
Its average thickness is about 3cm, but this 
diminishes rapidly toward the circumfer- 
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Fic. 2-71. Scheme of placental circulation. 


ence of the disc, which is continuous with 
the ruptured amnion and chorion laeve. Its 
uterine surface is rough and uneven and is 
divided by a series of fissures into lobules or 
cotyledons. The fissures contain the remains 
of the endometrial septa, most of which end 
in irregular or pointed processes. Some 
septa, especially those near the edge of the 
placental disc, pass through its thickness and 
are attached to the chorion. The fetal surface 
of the placenta is smooth and glistening, 
being closely invested by the amnion. Seen 
through the latter, the chorion presents a 
mottled appearance, consisting of gray, pur- 
ple, or yellowish areas. The umbilical cord is 
usually attached near the center of this sur- 
face, but may connect closer to the margin of 
the placental disc. In some cases the umbili- 
cal cord is inserted into the chorion laeve, 
peripheral to the placental disc. This so- 
called velamentous insertion can result in a 
more precarious placental vascular pattern. 

From the attachment of the umbilical cord 
the larger branches of the umbilical vessels 
radiate under the amnion, the veins being 
deeper and larger than the arteries. The re- 
mains of the yolk stalk and yolk sac may also 
be observed beneath the amnion, close to the 
cord, the former as an attenuated thread, the 
latter as a minute sac. 


Growth of the Embryo 
and Fetus 


FIRST WEEK. The human ovum is usually 
fertilized in the upper end of the uterine 
tube by sperm which have passed from the 
vagina, through the uterus to the oviduct. 
The fertilized ovum or zygote commences to 
divide, descends in the oviduct, and seg- 
ments into about eight cells before it passes 
into the uterus by the end of the third day. In 
the uterus it continues to segment and devel- 
ops into a blastocyst with a trophoblast and 
an inner cell mass. By the end of the first 
week the blastocyst has become superfi- 
cially attached to the uterine mucosa. 

SECOND WEEK. The blastocyst enlarges, 
loses its zona pellucida and becomes im- 
planted more securely in the uterine wall. 
The trophoblast, enclosing the blastocyst 
cavity, develops into an actively invading 
outer syncytiotrophoblast and inner cytotro- 
phoblast and forms primitive chorionic villi 
into which mesoderm and then blood ves- 
sels grow. From the inner cell mass develops 
a bilaminated embryonic disc, the amnion, 
and the yolk sac. The primitive streak differ- 
entiates toward the end of the second week, 
and mesoderm and notochord are formed. 


aye4 





Sri ATH. 4TH Ouran Br. 6TH; 6TH Aas 


Fic. 2 72. Body proportions during fetal growth and in adult life based upon average measurements and reduced to 
the same sitting height. With advancing growth the head, particularly its cranial part. becomes relatively smaller and 
the extremities in general relatively longer. The upper limb reaches its maximum prenatal length during the fifth 
month, but increases again in relation to the trunk height after birth. The tremendous development of the lower limb, 
typical for man, does not become evident until postnatal growth. The forearm grows faster than the upper arm and the 
leg faster than the thigh. The width between the hips increases at a more rapid rate than the width between the 
shoulders. In fetuses the shoulders are relatively higher above the suprasternal notch, the nipples relatively higher on 
the chest, and the umbilicus relatively lower on the abdominal wall than in adults. With advance in growth the 
breadth of the head decreases in relation to the head length, the ears become relatively larger, the eyes move closer 
together, the nose increases in height in relation to the face height and decreases in width in relation to the face width. 


(After Schultz, A. H.) 


THIRD Week. During the first part of the 
third week the neural folds appear (Figs. 
2-33; 2-35, C), the allantoic duct begins to 
develop, the yolk sac enlarges and blood 
vessels begin to form on the yolk sac and 
allantois and in the chorion. Before the end 
of the week the neural folds begin to unite 
(Figs. 2-35, D; 2-40) and the neurenteric canal 
opens. The primitive segments begin to form 
and the developing heart is represented by a 
pair of longitudinally oriented tubes. The 
changes during this week occur with great 
rapidity. 

FOURTH WEEK. During the fourth week 
(Figs. 2-41; 2-45; 2-46) the neural folds close, 
the primitive segments increase in number, 
and the branchial arches appear. The con- 
nection of the yolk sac with the embryo be- 
comes considerably narrowed, and the em- 
bryo assumes a more humanoid form. The 
limb buds appear and the heart increases 


greatly in size, producing a prominent bulge 
in the branchial region. 

FIFTH WeeK. The extensive development 
of the head region during the fifth week and 
its increase in size are due largely to the 
growing brain. The branchial arches un- 
dergo profound changes and partly disap- 
pear. The superficial nose, eye, and ear rudi- 
ments become prominent, and the limbs 
begin to show regional identity. The upper 
limbs develop more quickly than the lower 
limbs. 

SIXTH WEEK. The curvature of the em- 
bryo’s trunk is further diminished, but the 
cervical flexure of the head over the devel- 
oping heart is more pronounced. The bran- 
chial grooves—except the first—have disap- 
peared, and the rudiments of the fingers and 
toes can be recognized (Fig. 2-57). 

SEVENTH AND EIGHTH WEEKS. The flexure 
of the head is gradually reduced and the 






7TH. 3TH. 8TH. 9TH. 


neck somewhat lengthened. The upper lip is 
completed and the nose is more prominent. 
The nostrils are directed forward, but the 
palate is not completely developed. The eye- 
lids are present in the shape of folds above 
and below the eye, and the different parts of 
the auricula are distinguishable. By the end 
of the second month the fetus measures 
about 28 to 30 mm in length (Fig. 2-58). 

THIRD MONTH. ‘The head is extended and 
the neck is lengthened. The eyelids meet and 
fuse, remaining closed until the end of the 
sixth month. The limbs are well developed 
and nails appear on the digits. The external 
generative organs are so differentiated by 
the end of the third month that it is possible 
to distinguish the sex. By 13 weeks the length 
of the fetus is about 7 cm, but if the legs are 
included it measures from 9 to 10cm. 

FOURTH MONTH. The loop of gut which 
projected into the umbilical cord during the 
sixth week (umbilical herniation) is with- 
drawn into the fetal abdomen. The hair be- 
gins to make its appearance. There is a rapid 
increase in general body size so that by the 
end of the fourth month the fetus is from 12 
to 13cm in length, but if the legs are in- 
cluded it measures from 16 to 20cm. 

FIFTH MONTH. It is during this month that 
the first movements of the fetus are usually 
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observed. The eruption of hair on the head 
commences, and the vernix caseosa, a fatty, 
sebaceous material that covers the skin, be- 
gins to be deposited. By the end of this 
month the total length of the fetus, including 
the legs, is 25 to 27 cm. 

sixtH MONTH. The body is covered by fine 
hairs (lanugo) and the deposit of vernix 
caseosa is considerable. The papillae of the 
skin are developed, but the skin is quite 
wrinkled. The free border of the nail pro- 
jects from the corium of the dermis. Meas- 
ured from vertex to heel, the total length of 
the fetus at the end of the sixth month is 
from 30 to 32cm. 

SEVENTH MONTH. The pupillary mem- 
brane atrophies and the eyelids open. The 
testes descend with the vaginal sac of the 
peritoneum. From vertex to heel the total 
length at the end of the seventh month is 35 
to 36cm. The weight is between three and 
four pounds. 

EIGHTH MONTH. The skin assumes a pink 
color (even the skin of fetuses of dark- 
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skinned races) and is now entirely coated 
with vernix caseosa. The lanugo begins to 
disappear. Subcutaneous fat has been devel- 
oped to a considerable extent, and the fetus 
loses its wrinkles and assumes a plump ap- 
pearance. The total length, i.e., from head to 
heel, at the end of the eighth month is about 
40 cm, and fetal weight varies between 4¥, 
and 5¥, pounds. 


NINTH MONTH. The lanugo has largely dis- 
appeared from the trunk. The umbilicus is 
almost in the middle of the body, and the 
testes are usually in the scrotum. At full 
term, the fetus weighs from 6¥, to 8 pounds, 
and measures from head to heel about 50 cm. 
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surface and 
Topographical 


Anatomy 


Variability is one of the few biological 
constants. The human body, despite funda- 
mental similarities in structure, shows re- 
markable variation among individuals in its 
anatomy. Quite apart from specific varia- 
tions that might exist as anomalies in one or 
another system, such as differences in vascu- 
lar or neural patterns, it has been recognized 
that differences in general body types and 
stature might be categorized. The term hy- 
persthenic has been used to describe the 
short, stout, stocky individual in contrast to 
hyposthenic, which refers to taller, more 
slender subjects. Naturally, the relationships 
of the internal organs of these differing phy- 
siques reflect the body build and become a 


matter for consideration in radiographic: 


examination and interpretation. 


The Head 


The shape of the cranium has also been 
used by physical anthropologists as a gen- 
eral basis for describing skull types. In the 


dolichocephalic (long headed) skull, the 
maximum skull width is less than 75% of the 
maximum length. When the maximum 
width is 80% or more of the length, the term 
brachycephalic (short or broad) skull is 
used. Mesaticephalic denotes a skull in 
which the width is between 75% and 80% of 
the length. 

scatp. The covering of the cranial part of 
the head is the scalp, a structure composed 
of the following layers: (1) skin; (2) dense 
subcutaneous connective tissue; (3) the 
occipitofrontal muscle, including the galea 
aponeurotica; (4) subaponeurotic loose con- 
nective tissue; and (5) pericranium or perios- 
teum of the bones (Fig. 3-1). These layers are 
of rather uniform thickness, so that the con- 
tours of the scalp conform largely to those of 
the underlying frontal, parietal, occipital, 
and temporal bones. 

The outermost three layers of the scalp are 
closely adherent to each other and glide to- 
gether when manipulated over the perios- 
teum and bone, as if they were a single layer. 
This mobility can result in separation of the 
outer three layers of the scalp from the peri- 
osteum through the loose connective tissue 
layer as a result of accidents that cause 
shearing injuries. 

BONY CRANIUM. Clearly visible landmarks 
are the parietal and frontal eminences, and 
the opening of the external auditory meatus 
of the ear. In addition, certain prominences 
can be identified by palpation. In the occipi- 
tal region or back of the head, the external 
occipital protuberance or inion is a bony 
prominence in the midline, at the junction of 
the head and neck (Fig. 3-2). The superior 
nuchal line is a slight, upward curving ridge 
that extends laterally from the protuberance 
to the mastoid process of the temporal bone. 
Certain muscles in the neck attach to the 
superior nuchal line, and above it the cra- 
nium is covered only by scalp. The mastoid 
process projects downward and forward 
from behind the ear. Its anterior border lies 
immediately behind the concha of the exter- 
nal ear, and its rounded apex lies inferiorly 
at a level with the ear lobe (Fig. 3-2). 

Some recognizable bony points are used 
in surgery and in anthropological measure- 
ments and therefore are given special names; 
other bony landmarks, not recognizable by 
observation or palpation, can be located by 
the use of identifiable structures as points of 
reference. 
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Fic. 3-1. Diagrammatic section of the scalp, the skull, and the brain. Observe the important loose connective tissue 


layer lying between the galea aponeurotica and the periosteum. It is through this layer that shearing accidents can 
separate the overlying layers of the scalp from the subjacent periosteum and bone. 


Auricular Point. ‘The center of the open- 


ing of the external acoustic meatus (Fig. 3-2). 

Preauricular Point. At the root of the zy- 
gomatic arch immediately in front of the ex- 
ternal acoustic meatus (Fig. 3-2). 


Asterion. A point 4cm behind and 12 mm 
above the auricular point. It marks the meet- 
ing of the lambdoidal, occipitomastoid, and 
parietomastoid sutures (Fig. 3-2). 


Zygomatic Tubercle. A prominence on 
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Side view of head, showing surface relations of bones. 


the posterior margin of the zygomatic bone 
at the level of the lateral palpebral commis- 
sure of the eye (Fig. 3-2). 

Frontozygomatic Suture. A slight depres- 
sion on the posterior margin of the zygo- 
matic bone, 1 cm above the zygomatic tuber- 
cle. It is the line of union between the 
zygomatic process of the frontal bone and 
the frontal process of the zygomatic bone 
(Fig. 3-2). 

Pterion. A point 35mm _ behind and 
12 mm above the level of the frontozygomatic 
suture. It marks the point where the great 
wing of the sphenoid meets the sphenoidal 
angle of the parietal bone (Fig. 3-2). 

Inion. The external occipital protuber- 
ance. It is palpable in the midline at the back 
of the skull where the posterior neck mus- 
cles attach (Figs. 3-2; 3-6). 

Lambda. The point where the lambdoidal 
and sagittal sutures meet, about 6.5cm 
above the inion. It marks the junction of the 
occipital and the two parietal bones (Figs. 
3-2; 3-6). 

Bregma. The junction site of the coronal 
and sagittal sutures. It can be located at the 
intersection of a line drawn vertically up- 
ward from the preauricular point and the 
midline at the top of the head (Fig. 3-2). 

Lambdoidal Suture. This articulation be- 
tween the parietal and occipital bones can 
be located by the upper two-thirds of a line 
from the mastoid process to the lambda. 

Sagittal Suture. The midline junction of 
the parietal bones, between the lambda and 
the bregma. : 

Obelion. The point on the sagittal suture 
between the parietal emissary foramina; a 
flattened area at the top of the head. 

Coronal Suture. This junction of the fron- 
tal and parietal bones can be approximated 
by a line from the bregma to the middle of 
the zygomatic arch. 

Glabella. A flattened triangular area on 
the forehead between the two superciliary 
ridges. 

Nasion. A slight depression at the root of 
the nose marking the frontonasal suture 
(Figs. 3-2; 3-6). 

Reid’s base line. This line, which is used 
in cranial topography (Figs. 3-2; 3-6), passes 
through the inferior margin of the orbit to 
the auricular point, and then extends back to 
the center of the occipital bone. 

The fontanelles or soft spots in the skull of 
a newborn infant correspond to the above- 
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mentioned points and sutures as follows: 
(1) the anterior fontanelle, the largest, is at 
the bregma; (2) the posterior fontanelle is at 
the lambda; (3) the lateral or sphenoidal 
fontanelle is at the pterion; and (4) the mas- 
toid fontanelle is at the asterion. 

Face. Facial features are the principal 
structures used for human visual recogni- 
tion. Adult facial contours develop with the 
growth of the facial skeleton and most rap- 
idly between the childhood years and the 
early post-adolescent years. Thus, the main 
contours of the face are governed by bony 
landmarks, most of which are evident to the 
eye but require palpation for establishment 
of their details. 

The superciliary ridges are horizontal 
arches that extend across the forehead on 
each side above the eyebrow. They are part 
of the frontal bone above the eye, and each 
is marked by a depression, the supraorbital 
notch or foramen (Fig. 3-2). 

The rim of the orbital cavity is called the 
orbital margin, and it is formed by the fron- 
tal, zygomatic, and maxillary bones. 

In front of the ear, the zygomatic arch, 
formed by the temporal process of the zygo- 
matic bone and the zygomatic processes of 
the temporal and frontal bones, can be pal- 
pated throughout its length (Fig. 3-2). 

The superior temporal line is a curved 
ridge along the lateral aspect of the parietal 
bone, and it extends between the zygomatic 
process of the frontal bone and the region 
behind the ear (Fig. 3-2). 

The mandible can be recognized and pal- 
pated throughout most of its extent. Its fea- 
tures include the prominence of the chin or 
mental protuberance, the angle of the jaw, 
the alveolar portion containing the teeth, 
and the condyle, which articulates with the 
temporal bone. 

The temporomandibular joint can easily 
be manipulated when the mouth is opened 
wide; this draws the mandible forward anda 
depression can be felt between the condyle 
of the mandible and a fossa in the temporal 
bone, just in front of the tragus of the ear. 

MUSCLES AND SOFT PARTS. The masseter 
muscle produces the fullness of the posterior 
part of the cheek, between the angle of the 
mandible and the zygomatic arch. Its poste- 
rior border is masked by the substance of the 
parotid gland, lying over the muscle and be- 
tween it and the ear. The important duct of 
the parotid gland (Stensen’s duct) courses 
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Fic. 3-3. Outline of side of face, showing chief surface 
markings as well as the superficial temporal and facial 
(maxillary) arteries. 


transversely across the face, superficial to 
the masseter muscle and approximately 
2cm below the zygomatic arch (Fig. 3-3). 

The anterior border of the masseter mus- 
cle may be palpated readily when the mus- 
cle is contracted by clenching the teeth; in 
front of it the fullness of the cheek is pro- 
duced by the buccopharyngeal fat pad and 
the facial muscles. 

The temporalis muscle occupies the tem- 
poral fossa, extending from the hollow be- 
hind the zygomatie arch to the superior tem- 
poral line (Fig. 3-5). The thick temporal 
fascia, covering the muscle, makes the supe- 
rior border of the zygomatic arch difficult to 
palpate. 

ARTERIES (Fig. 3-3). The pulsations of the 
superficial temporal artery may be felt on 
the surface of the temples just above the zy- 
gomatic arch in front of the ear. In older in- 
dividuals its frontal branch frequently is vis- 
ible making a serpentine course across the 
surface of the temple. The facial artery 
also may be felt as it crosses the margin of 
the mandible at the anterior border of the 
masseter muscle; it has a tortuous course 
from this point upward across the face on 


the lateral side of the nose toward the medial 
angle of the eye. 

VEINS. The facial vein crosses the margin 
of the mandible with the facial artery. It then 
takes a relatively straight course to the angle 
between the eye and nose where it is usually 
called the angular vein. 

NERVES (Fig. 3-3). The supraorbital nerve 
emerges from the skull through the supraor- 
bital notch (or foramen) and then courses 
superiorly over the superciliary ridge to in- 
nervate the anterior scalp. The infraorbital 
nerve becomes subcutaneous at the infraor- 
bital foramen, just below the orbit. The men- 
tal nerve emerges from the mandible above 
and lateral to the mental protuberance. The 
facial nerve divides within the substance of 
the parotid gland, and its branches spread 
across the face like a fan. 

LymPH NODES. Usually lymph nodes are 
not palpable in the head, but if enlarged, the 
following nodes may be felt: posterior auric- 
ular, parotid, occipital, buccal, and subman- 
dibular. 

THE EYE. The palpebral fissure is the ellip- 
tical opening between the two eyelids. At 
the extremities of the fissure, the lids are 
united by the medial and lateral commis- 
sures. At the medial commissure is a reddish 
elevation called the caruncula lacrimalis. 
Just lateral is a crescenteric fold of conjunc- 
tiva, the plica semilunaris, and two small 
openings in the eyelids, the puncta lacrimalia. 
The nasolacrimal duct runs from the puncta 
to an opening in the inferior meatus in the 
lateral wall of the nasal cavity. Its direction 
is illustrated in Figure 3-4. The lacrimal sac, 
at the top of the duct, lies behind the medial 
palpebral ligament. The latter may be felt at 
the medial commissure if the eyelids are 
drawn laterally to tighten the skin. The inner 
surface of the eyelids is lined by the smooth 
and glistening epithelial layer, the palpebral 
conjunctiva. At the margin of each eyelid 
(fornix), the conjunctiva doubles back over 
the eyeball as the bulbar conjunctiva. 

The colored portion of the eye is observa- 
ble because the pigmented layer of the retina 
extends behind the iris and because the eye- 
ball is covered anteriorly by a transparent 
sheet of tissue, the cornea. The central aper- 
ture in the iris is the pupil through which the 
lens, the retinal vessels, and the optic disc 
can be seen with an ophthalmoscope. 

THE EAR. The pinna of the external ear is a 
skin-covered cartilaginous structure also 
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Fic. 3-4. Outline of bones of face showing position of 
the frontal and maxillary air sinuses and the line of 
direction of the nasolacrimal duct. 


called auricula, and it is marked by various 
prominences and fossae. The external open- 
ing of the ear leads into a canal, the external 
acoustic meatus, which can be more fully 
exposed by drawing the tragus forward. The 
orifice is guarded by crisp hairs and contains 
a coating of wax, the secretion of the 
ceruminous glands. The interior of the mea- 
tus can be examined through an otoscope 
more easily if the auricula is drawn upward, 
backward, and slightly outward in order to 
straighten the slight curvature at the junc- 
tion of the cartilaginous and bony portions 
of the wall. At the internal end of the meatus 
is the tympanic membrane on which are 
seen certain structures and markings when 
viewed with an otoscope. The suprameatal 
triangle (Figs. 3-5; 3-6) is an important land- 
mark for internal structures such as the tym- 
panic antrum, facial nerve, and transverse 
sinus. 

THE BRAIN. The surface outline of certain 
brain structures of considerable practical 
importance can be established by external 
cranial landmarks and measurements (Figs. 
3-6; 3-7). The longitudinal fissure separates 
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the two hemispheres at the midline and cor- 
responds to the median line of the scalp be- 
tween the nasion and the inion. The lateral 
sulcus (Sylvian) can be located by a point, 
termed the Sylvian point, which practically 
corresponds to the pterion, 3.5cm behind 
and 12mm above the level of the fronto- 
zygomatic suture. The central sulcus (of Ro- 
lando), which separates the cortical somato- 
sensory centers in the precentral gyrus from 
the cortical motor centers of the postcentral 
gyrus, descends in an anterolateral direction 
from a projected point on the scalp 1.25cm 
behind the center of the median line joining 
the nasion and inion. The position of the lat- 
eral ventricle may be shown on a ventriculo- 
gram obtained after air has been injected 
into it. 

The branches of the internal carotid artery 
may be visualized on x-ray examination per- 
formed after injection of an opaque medium 
(see arteriogram, Fig. 8-31). The middle me- 
ningeal artery supplies the dura mater and 
courses on the inner aspect of the skull at the 
level of the middle of the superior border of 
the zygomatic arch; its anterior branch may 
be reached through a trephined opening 
slightly anterior to and below the pterion, 
while the posterior branch can be found 
through an opening about 2.5cm above the 
external auditory meatus (Fig. 3-6). The 
transverse dural sinus mav be approximated 
by a line through the asterion, and curving 
downward toward the mastoid process 
(Fig. 3-6). 

PARANASAL AIR SINUSES. The sinuses in 
the head (Fig. 3-4) are mucous membrane- 
lined cavities within bones of the skull that 
vary greatly in size, shape, and position. The 
frontal sinus occupies a region in the frontal 
bone deeptothe medial part ofthesuperciliary 
ridge. The maxillary sinus lies in the body of 
the maxilla, between the orbit, nasal cavity, 
and upper teeth. Other sinuses are also 
found in the ethmoid and sphenoid bones, as 
well as in the mastoid portion of the tempo- 
ral bone. 


The Neck 


BONES. The relationships between the 
cartilaginous and bony structures in the 
neck can be used to practical advantage in 
identifying the location of soft structures 
that may be of clinical importance. Although 
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Fic. 3-5 Left temporal bone showing surface markings for the transverse sinus (blue) and facial nerve (yellow). Also 
observe the suprameatal triangle (red) lying above the external auditory meatus at the posterior end of the zygomatic 
process. An instrument can readily be pushed through this triangular region into the underlying tympanic antrum. 


the vertebral column is deeply placed in the 
neck, certain bony landmarks can be identi- 
fied by palpation. 

The transverse process of the atlas can be 
felt about 1cm below and in front of the 
mastoid process. 

The anterior tubercle on the transverse 
process of the sixth cervical vertebra may be 
felt deep in the neck at the anterior border of 
the sternocleidomastoid muscle; it has been 
named the carotid or Chassaignac’s tuber- 
cle, and is the point of preference for com- 
pressing the common carotid artery to stop 
bleeding. 

The spinous process of the seventh cervi- 
cal vertebra (vertebra prominens) can be 
distinguished by palpation, since it is some- 
what longer than the spinous processes of 
the upper cervical vertebrae, and since a 
band of fibroelastic tissue called the liga- 
mentum nuchae partially cushions the spi- 
nous processes of the upper cervical verte- 
brae. 

The hyoid bone may be felt in the reced- 
ing angle between the chin and anterior part 


of the neck. Its vertebral level is approxi- 
mately at the disc between the third and 
fourth cervical vertebrae. The greater horn 
(greater cornu) of the hyoid, which extends 
backward on a level with the angle of the 
mandible, can best be felt when the bone is 
pushed laterally toward the side to be pal- 
pated. 

LARYNX AND TRACHEA. The _ laryngeal 
prominence of the thyroid cartilage (com- 
monly called the Adam's apple) is visible at 
the midline. 1 or 2cm below the hyoid bone 
(Fig. 3-8). It constitutes the anterior cartilagi- 
nous protection of the vocal folds of the lar- 
vnx, and if projected posteriorly, the thyroid 
cartilage spans the fourth and fifth cervical 
vertebrae. The upper margin of the thyroid 
cartilage is attached to the hvoid bone by the 
thyrohyoid membrane, and its lower margin 
to the cricoid cartilage by the cricothyroid 
ligament. The level of the vocal folds corre- 
sponds to the middle of the anterior border 
of the thyroid cartilage. 

The cricoid cartilage lies at the level of the 
sixth cervical vertebra (Fig. 3-8). Below it the 
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Fic. 3-6. Relations of the brain and middle meningeal artery to the surface of the skull. 1, Nasion. 2, Inion. 3, Lambda. 
4, Lateral cerebral fissure. 5, Central sulcus. AA, Reid’s base line. B, Point for trephining the anterior branch of the 
middle meningeal artery. C, Suprameatal triangle. D, Sigmoid bend of the transverse sinus. E, Point for trephining over 
the straight portion of the transverse sinus, exposing dura mater of both cerebrum and cerebellum. Outline of cerebral 
hemisphere indicated in blue; course of middle meningeal artery in red. 


trachea can be felt, but only in thin subjects 
can the individual cartilaginous rings be dis- 
tinguished. As a rule there are seven or eight 
rings above the jugular notch of the sternum, 
and the isthmus of the thyroid gland covers 
the second, third, and fourth rings. The tra- 
chea measures about 10 cm in length before 
it bifurcates into the primary bronchi. Of 
these 10 cm, 5 extend in the neck above the 
suprasternal notch, while 5 extend in the 
thorax below the suprasternal notch. 
musctes. The sternocleidomastoid mus- 
cle is the most prominent muscle in the neck. 
Its entire extent, from the mastoid process to 
the sternal and clavicular heads (Fig. 3-8), is 
clearly visible in most persons. The trape- 
zius muscle forms the superior curvature of 
the shoulder, sloping upward toward the 
posterior neck and back of the head. The 
platysma is a thin superficial sheet of muscle 
overlying the anterior neck. It wrinkles the 
skin of the neck when contracted and can be 
detected when thrown into prominence by 
expressions of horror or sudden and intense 
muscular efforts requiring deep inspiration. 


TRIANGLES OF THE NECK. The lack of prom- 
inent topographical features and the large 
number of important nerves and blood ves- 
sels contained within the neck have made it 
customary to subdivide this region into 
smaller areas. These areas, triangular in 
shape and related to some of the more super- 
ficial muscles, are known as the triangles of 
the neck. The side of the neck presents a 
quadrangular shape limited above by the 
lower border of the mandible, below by the 
clavicle, in front by the midline, and behind 
by the anterior border of the trapezius mus- 
cle. This is subdivided obliquely into two 
large triangles by the sternocleidomastoid 
muscle. The triangle in front of this muscle 
is called the anterior triangle; the one behind 
it, the posterior triangle. 

Anterior Triangle. ‘The anterior triangle is 
bounded anteriorly by the midline, and pos- 
teriorly by the anterior border of the sterno- 
cleidomastoid muscle; its apex is below at 
the sternum, and its base is formed by the 
lower margin of the body of the mandible 
and an extension of this line to the mastoid 
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Fic. 3-7. Drawing of a cast to illustrate the relationships of the brain with the overlying skull. Note that the 
convolutions of the cerebral cortex can be described as comprising the frontal (blue), temporal (green), parietal 


(yellow), and occipital (red) lobes. 


process. This larger triangle is subdivided, carotid, submandibular, and submental 


by the digastric muscle above and the su- (Fig. 3-9). 
perior belly of the omohyoid muscle be- The muscular triangle is bounded in front 


low, into four smaller triangles: muscular, by the midline of the neck; behind by the 








. i; 
= Hyoid bone 
es | 
_ Sternocleidomastoid m. 
y External jugular vein 
| } Anterior jugular vein 
Thyroid cartilage » | | : : | 
a x rapezius 
Cricoid cartilage 4 Clavicle 


Supraclavicular notch 


Infraclavicular 
fossa 


\ 
a ad 


— [= 





™ 
ee ee ee 


Jugular notch Sternal head of 
Sternocleidamastoid m 


Fic. 3-8. Anterior and lateral view of head and neck showing surface markings. 
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Fic. 3-9. The triangles of the neck: The sternocleidomastoid muscle divides the anterolateral aspect of the neck into 
large anterior and posterior triangles (not labeled). The posterior triangle is further subdivided by the inferior belly of 
the omohyoid into the occipital and omoclavicular triangles. The anterior triangle is crossed by the superior belly of 
the omohyoid, thereby forming the carotid and muscular triangles. Above the hyoid bone are located the subman- 


dibular and submental triangles. 


superior belly of the omohyoid above, and 
the anterior margin of the lower part of the 
sternocleidomastoid below. In this triangle, 
under cover of the skin, subcutaneous fascia, 
platysma, and deep fascia, are the sternohy- 
oid and sternothyroid muscles, the isthmus 
of the thyroid gland, the larynx, and the tra- 
chea. Although not within the triangle as 
defined above, the following structures can 
be approached surgically through the tri- 
angle by displacing the sternocleidomastoid 
laterally: the lower part of the common Ca- 
rotid artery in the carotid sheath with the 
internal jugular vein and vagus nerve, the 
ansa cervicalis, the sympathetic trunk, re- 
current laryngeal nerve, and the esophagus. 


The carotid triangle is bounded behind by 
the sternocleidomastoid muscle; below by 
the superior belly of the omohyoid muscle; 
and above, by the stylohyoid muscle and the 
posterior belly of the digastric muscle (Fig. 
3-9). It is covered by the skin, subcutaneous 
fascia, platysma, and deep fascia, layers that 
contain the ramifications of the cutaneous 
cervical nerves and the cervical branch of 
the facial nerve. The floor or deepest part of 
the triangle is formed by the thyrohyoid, 
hyoglossus, and middle and inferior pharyn- 
geal constrictor muscles. In the triangle, es- 
pecially if it is enlarged by displacing the 
sternocleidomastoid backward, is the upper 
part of the common carotid artery, which 
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bifurcates at the level of the upper border of 
the thyroid cartilage into the internal and 
external carotid arteries. The internal ca- 
rotid artery lies posterior and somewhat lat- 
eral to the external carotid and gives off no 
branches in the neck. The branches of the 
external carotid artery in the carotid triangle 
are the superior thyroid, the lingual, the fa- 
cial, the occipital, and the ascending pharyn- 
geal. Enclosed with the arteries in a fascial 
membrane, the carotid sheath, are the inter- 
nal jugular vein and the vagus nerve. The 
tributaries of the vein correspond with the 
branches of the external carotid: superior 
thyroid, lingual. facial, ascending pharyn- 
geal, and sometimes the occipital. Superfi- 
cial to the carotid sheath is the ansa cervicalis, 
and deep to it or embedded in its substance 
is the sympathetic trunk. The hypoglossal 
nerve crosses both the internal and external 
carotids in the upper part of the triangle, 
curving around the origin of the occipital 
artery. Between the external carotid and the 
pharynx, just below the hyoid bone, is the 
internal branch of the superior laryngeal 
nerve; the external branch is slightly lower. 
The accessory nerve may cross the upper- 
most corner of the triangle. 

Between the hyoid bone and the superior 
border of the thyroid cartilage at the level of 
the carotid bifurcation is a slight dilatation 
of the common carotid artery, the carotid 
sinus. This is an organ of sensory receptors, 
innervated by the glossopharyngeal nerve. 
which is capable of sensing blood pressure 
changes. Also located at the carotid bifurca- 
tion is the carotid body. Innervated by fibers 
of both the glossopharyngeal and vagus 
nerves, the carotid body contains chemore- 
ceptors capable of responding to undue 
changes in carbon dioxide or oxygen in the 
blood. 

The submandibular triangle, located im- 
mediately below the body of the mandible, 
is bounded above by the lower border of the 
body of the mandible and an extension of 
this line to the mastoid process; below by the 
posterior belly of the digastric muscle and 
the stvlohyoid muscle; and In front by the 
anterior belly of the digastric muscle (Fig. 
3-9). It is covered by skin, subcutaneous fas- 
cia, platvysma, and deep fascia, within which 
ramify motor branches of the facial nerve (to 
platysma) and sensory filaments from the 
cervical cutaneous nerves. The muscular 
floor of the triangle is formed by the mylohy- 
oid and hyoglossus muscles. The styloman- 


dibular ligament at the angle of the mandi- 
ble divides the triangular area into an 
anterior and a posterior part. The anterior 
part contains the submandibular gland, 
which is crossed by the anterior facial vein 
and facial artery. Deep to the gland are the 
submental artery and the mylohyoid artery 
and nerve. The posterior part of this triangle 
is largely occupied by the parotid gland. By 
displacing the muscles slightly, certain 
deeper structures may be included. In its 
superior course. the external carotid artery 
is crossed by the facial nerve. The vessel 
then becomes embedded within the parotid 
gland, and gives off its posterior auricular, 
superficial temporal, and maxillary branches. 
At this level the internal carotid artery, in- 
ternal jugular vein, and vagus nerve are 
more deeply situated in the neck and are 
separated from the external carotid by the 
styloglossus and stylopharyngeus muscles 
and the glossopharyngeal nerve. 

The submental triangle is bounded poste- 
riorly by the anterior belly of the digastric 
muscle, anteriorly by the midline, and infer- 
iorly by the body of the hyoid bone (Fig. 3-9). 
Its floor is formed by the mylohyoid muscle, 
and the triangle contains several lymph 
nodes which drain the chin and lower lip 
along with the anterior tongue and floor of 
the mouth. Several smaller veins drain into 
the anterior jugular vein. 

Posterior Triangle. ‘The posterior triangle 
is bounded in front by the sternocleido- 
mastoid muscle and behind by the anterior 
margin of the trapezius; its base is the mid- 
dle third of the clavicle, and its apex is at the 
occipital bone. About 2.5 cm above the clav- 
icle, it is crossed obliquely by the inferior 
belly of the omohyoid, dividing it into an 
upper or occipital and a lower or omoclav- 
icular (supraclavicular or subclavian) tri- 
angle. 

The occipital triangle (Fig. 3-9) is bounded 
in front by the sternocleidomastoid; behind 
by the trapezius; and below by the omohyoid. 
Its muscular floor is formed by the splenius 
capitis, the levator scapulae, and the scalenus 
medius and posterior, and it is covered by 
the skin, subcutaneous fascia, superficial 
fascia. and deep fascia. About midway along 
the posterior border of the sternocleido- 
mastoid muscle, the spinal accessory nerve 
emerges from beneath the muscle to cross 
the triangle obliquely in an inferolateral di- 
rection on its path to innervate the trapezius 
muscle. Somewhat lower, the cervical cuta- 


neous anc supraclavicular nerves also 
emerge from under the posterior border of 
the sternocleidomastoid. In the lowest part 
of the triangle, the transverse cervical ves- 
sels along with the uppermost part of the 
brachial plexus may be seen. 

The omoclavicular triangle (Fig. 3-9) is 
bounded above by the inferior belly of the 
omohyoid muscle; below by the clavicle; 
and in front by the sternocleidomastoid 
muscle. Its floor is formed by the first rib and 
the first digitation of the serratus anterior 
muscle. To some extent the size of the 
omoclavicular triangle depends on _ the 
breadth of the attachment of the sterno- 
cleidomastoid and trapezius to the clavicle 
and the position of the omohyoid. Some of 
the structures listed below might be reached 
by displacement of the muscles, since the tri- 
angle is increased in size by drawing the 
shoulder downward to lower the clavicle. 
The triangular area is covered by skin, sub- 
cutaneous fascia, platysma, and the deep 
fascia that contains the supraclavicular 
nerves. Medially, within the triangle, the 
third part of the subclavian artery emerges 
from behind the scalenus anterior and 
curves down behind the clavicle. Sometimes 
the arch of the artery rises by as much as 
4cm above the clavicle, and this is the most 
commonly chosen place for ligature. The 
subclavian vein usually rests behind the 
clavicle, but may be found partially within 
the triangle. The suprascapular vessels cross 
the lower part and the superficial cervical 
vessels the upper part of the triangle. The 
external jugular vein enters the anterior part 
of the triangle from its position on the sur- 
face of the sternocleidomastoid muscle and 
empties into the subclavian vein; its tributar- 
ies, the transverse scapular and transverse 
cervical veins, form a plexus superficial to 
the subclavian artery. The brachial plexus 
of nerves crosses the lateral part of the tri- 
angle, coming into close relationship with 
the subclavian artery in its descent behind 
the clavicle to the axilla. A portion of 
the plexus courses above the subclavian ar- 
tery, while another part courses behind the 
vessel. 

ARTERIES. The position of the common 
and external carotid arteries can be approxi- 
mated by a line drawn from the upper part 
of the sternal end of the clavicle to a point 
midway between the tip of the mastoid proc- 
ess and the angle of the mandible. Above the 
carotid bifurcation at the upper border of 


&THE BACK 719 


the thyroid cartilage, this line overlies both 
internal and external carotids until the latter 
arches backward slightly toward the exter- 
nal acoustic meatus. The main branches of 
the external carotid originate near the lip 
of the greater horn of the hyoid bone. The 
arching course of the subclavian artery up- 
ward from the sternoclavicular joint to the 
middle of the clavicle can be observed in 
Figure 3-10. 

veINS. The internal jugular vein is paral- 
lel and slightly lateral to the internal carotid 
artery. The external jugular runs from the 
angle of the mandible to the middle of the 
clavicle. 

NERVES. The facial nerve emerges from 
the stylomastoid foramen about 2.5 cm deep 
to the surface of the skin, opposite the ante- 
rior border of the mastoid process. The ac- 
cessory nerve courses quite superficially as 
it crosses the posterior triangle. Emerging 
from under the posterior border of the 
sternocleidomastoid muscle, it achieves the 
anterior border of the trapezius muscle. Also 
appearing from under the posterior border 
of the sternocleidomastoid in this same re- 
gion are the following cutaneous nerves: the 
lesser occipital, the greater auricular, the 
anterior cervical cutaneous, and the supra- 
clavicular nerves (Fig. 3-10). The phrenic 
nerve is formed from cervical roots at the 
level of the middle of the thyroid cartilage. It 
then passes inferiorly to the thorax beneath 
and about half way between the two borders 
of the sternocleidomastoid. In its course it 
lies in front of the scalenus anterior muscle. 
The upper part of the brachial plexus can be 
located by a line drawn from the cricoid car- 
tilage to the middle of the clavicle. The 
vagus nerve and sympathetic trunk run par- 
allel and deep to the internal carotid artery. 

LymPH NODES. Lymph nodes may be felt 
between the ramus of the mandible and the 
sternocleidomastoid muscle, along the 
course of the internal jugular vein, and along 
both the anterior and posterior borders of 
this muscle. 


The Back 


BONES. The furrow down the middle of 
the back lies over the tips of the spinous 
processes of the vertebrae. The upper cervi- 
cal vertebrae cannot be felt, but the seventh, 
or vertebra prominens, can be distinguished 
easily and lies just above the even more 
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Fic. 3-10. The anterolateral aspect of the neck showing the course of principal arteries, cutaneous nerves, and the 


spinal accessory nerve. 


prominent first thoracic. Other vertebral spi- 
nous processes can be identified by counting 
from these. The posterior surface of the 
scapula is marked by a prominent obliquely 
crossing plate of bone called the spine of the 
scapula. This lies on a level with the third 
thoracic spinous process, while the inferior 
angle of the scapula is at the level of the sev- 
enth thoracic spinous process. The highest 
point of the crest of the ilium is on a level 
with the fourth lumbar spinous process (Fig. 
3-11), and the posterior superior iliac spine 
is level with that of the second sacral. 
SPINAL coRD. The spinal cord extends 
downward to the level of the spinous proc- 
ess of the second lumbar vertebra in the 
actult bocdy (Fig. 3-12), but as far as the fourth 
in an infant. The subarachnoid space, con- 
taining the spinal fluid, extends downward 
to the third sacral vertebra. Because the sub- 


stance of the spinal cord ends at the second 
lumbar level, the dural and arachnoid sacs 
below that level containing the lumbar and 
sacral nerve roots (cauda equina) sur- 
rounded by spinal fluid are used to advan- 
tage for the induction of spinal anesthesia. 
Injections of anesthetics, for example, 
through the fourth lumbar interspace may 
be performed in the adult without much 
danger of striking the spinal cord. 

muscLes. The muscles of the back are 
large and their surface contours usually can 
be identified with ease in a living subjeet 
(Pipe seas): 


The Thorax 


Several prominent muscles that extend 
either into the scapula or into the upper ex- 
tremity cover the bony thoracic cage. Anteri- 
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Fic. 3-11. Surface anatomy of the back. 


orly, these include the pectoralis major and 
the serratus anterior, along with the upper 
portions of the abdominal muscles (Figs. 
3-13; 3-18). Posteriorly the superficial back 
muscles (trapezius and latissimus dorsi) 
overlie the deeper muscles of the shoulder 
and back (Fig. 3-11). Each axilla, or hollow of 
the armpit (Fig. 3-37), is limited by two fleshy 
folds: the anterior axillary fold is the promi- 
nence caused by the pectoralis major, while 
the posterior axillary fold is the prominence 
of the latissimus dorsi. A triangle of auscul- 


tation can be identified on the posterior tho- 
racic wall bounded above by the trapezius, 
below by the latissimus dorsi, and laterally 
by the medial border of the scapula. Draw- 
ing the scapula forward by folding the arms 
across the chest will reveal the sixth and 
seventh ribs subcutaneously at this site, and 
allow for auscultation of the thorax. 

The size of the breast or mamma is subject 
to great variation. In most adult nulliparous 
females it extends vertically from the second 
to the sixth ribs, and transversely from the 
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FiG. 3-12. Diagram showing the relationships of the 
spinal cord to the dorsal surface of the trunk. Observe 
that the substance of the spinal cord reaches to the 
upper lumbar levels of the spinal column. Below this the 
spinal canal contains spinal nerves and it can be punc- 
tured to achieve the cerebrospinal fluid compartment. 


sternum to the midaxillary line. In males the 
mammary papilla or nipple is situated in the 
fourth intercostal space (Fig. 3-14), while in 
females the position of the nipple is so varia- 
ble that it is much less useful as a surface 
landmark for intrathoracic structures. 

BONY LANDMARKS. ‘The _ sternum, ribs, 
scapula, and clavicle can be seen in many 
individuals and can be felt in all but the very 
muscular or obese subjects. The upper bor- 
der of the sternum is marked by the jugular 
(or suprasternal) notch, between the sternal 
heads of the two sternocleidomastoid mus- 
cles (Fig. 3-8). In the midline the sternum is 
subcutaneous, leaving the sternal furrow 
between the origins of the two pectoralis 
major muscles. The junction between the 
two parts of the sternum, the manubrium 
above and the body (or gladiolus) below, is 
marked bv a well-defined transverse ridge 


about 5cm below the jugular notch. This 
ridge, called the sternal angle or angle of 
Louis, is opposite the sternochondral junc- 
tion of the second rib (Fig. 3-18). At the lower 
end of the body of the sternum is the infra- 
sternal notch in the midline between the 
sternal attachments of the seventh costal 
cartilages of both sides. In the triangular 
depression, called the epigastric fossa, 
below the notch, the xiphoid process of the 
sternum can be felt. 

Additional bony relationships of these 
sternal structures can be identified with the 
vertebrae of the spinal column. If projected 
posteriorly, the jugular notch lies at the 
lower level of the second thoracic vertebra, 
the sternal angle is at the level of the lower 
part of the fourth thoracic vertebra, and the 
junction between the xiphoid process and 
the body of the sternum (xiphisternal junc- 
tion) projects backward to the body of the 
tenth thoracic vertebra. 

The ribs can usually be felt at the sterno- 
chondral junction in front, on the sides of 
the thorax, and in back as far as their angles, 
although they are mostly covered by mus- 
cles. The first rib is difficult to palpate be- 
cause it is deeply situated and partly hidden 
by the clavicle. The second rib is the one 
most reliably identified because of its attach- 
ment at the sternal angle, and from this point 
the other ribs can be counted. The lower 
boundary of the thorax is formed by the 
xiphoid process, the cartilages of the sev- 
enth, eighth, ninth, and tenth ribs, and the 
ends of the eleventh and twelfth cartilages 
(Figs. 3-17; 3-19). 

LINES FOR ORIENTATION (Fig, 3-21). Certain 
arbitrarily accepted lines offer some value 
for clinical orientation and descriptive pur- 
poses. The midsternal line is the midline of 
the body over the sternum. The midclavicular 
or mammary line is a vertical line, parallel 
with the midsternal, through a point midway 
between the center of the jugular notch and 
the tip of the acromion or point of the shoul- 
der. The lateral sternal line is a vertical line 
along the sternal margin over the sterno- 
chondral junctions. The anterior and poste- 
rior axillary lines are vertical lines drawn 
along the corresponding axillary folds, while 
the midaxillary line, halfway between them, 
passes through the apex of the axilla. On the 
back, the scapular line is drawn vertically 
through the inferior angle of the scapula 
(Fig. 3-11). 
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Fig. 3-13. Surface anatomy of left side. 


THE LuNGs (Figs. 3-14, 3-15). The apex of 
the lung lies behind the medial third of the 
clavicle and extends superiorly into the neck 
from 1 to 5cm, but usually about 2.5 cm. The 
anterior border of the right lung approaches 
the midsternal line, that of the left does like- 
wise as far as the fourth costal cartilage, 
where it deviates laterally because of the 
cardiac notch. The inferior border of each 
lung at expiration follows a curving line 
downward from the sixth sternocostal junc- 
tion anteriorly to the spinous process of the 


tenth thoracic vertebra posteriorly. This line 
crosses the midclavicular line at the sixth 
and the midaxillary line at the eighth rib. 
The posterior border of each lung is parallel 
with the midline (Fig. 3-15), 2 to 3 cm from it, 
and extends from the spinous process of the 
seventh cervical vertebra to that of the tenth 
thoracic vertebra. 

The reflections of the pleura correspond in 
general with the surface of the lungs, but are 
more extensive. At expiration the parietal 
pleurae of the two sides of the thorax ap- 
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Fic. 3-14. Anterior view of the thorax to show the position of the heart in relationship to the ribs, sternum, and 
diaphragm, and the position of the heart valves. (From Crouch, J.E.; Functional Humon Anatomy. Lea & Febiger, 1978.) 





Fig. 3-15. Left lateral view of thorax showing surface 
markings for bones, lungs (purple), pleura (blue), and 
spleen (green). 


proximate each other in the midline anteri- 
orly, opposite the second or fourth costal 
cartilages. The most medial 1 or 2cm of the 
pleural cavity anteriorly are unoccupied by 
lung, but consist of a slit-like cavity forming 
a potential space between the two layers of 
pleura known as the costomediastinal sinus. 
The inferior limit of the pleura extends 2 to 
5cm below that of the lung at expiration, 
leaving the phrenicocostal sinus also unoc- 
cupied by lung. This site is frequently used 
for the introduction of a needle into the 
pleural cavity in order to aspirate fluid from 
the chest. The inferior limit of the thorax is 
the diaphragm (Fig. 3-16), and its attachment 
to the thoracic wall along the costal margin 
is 2 to 3cm below the inferior limit of the 
pleura. 

THE HEART. The apex of the heart is di- 
rected inferolaterally in the middle medias- 
tinum of the thorax, and its pulsation may be 
felt in the fifth intercostal space just below 
the nipple or about 9cm to the left of the 
midsternal line. A projection of the heart 
outline on the anterior chest wall can be 
approximated in the following manner: the 
superior margin is marked by a horizontal 
line at the third sternochondral attachment: 






Common carotid art 


Internal jugular vein .._ 


tH | BDOMEN 85 


Fic. 3-16. The heart and cardiac valves projected on the anterior chest wall, showing their relationship to the ribs, 


sternum, and diaphragm. (Eycleshymer and Jones, 1925.) 


the right margin corresponds to a vertical 
line drawn 2.5 cm lateral to the right sternal 
margin; the inferior or diaphragmatic mar- 
gin is marked by a line sloping slightly 
downward and to the left at the xiphisternal 
junction; and the left margin angles upward 
from the apex (located 9 cm to the left in the 
fifth intercostal space) to the second inter- 
costal space 2.5 cm from the left sternal mar- 
gin. The superior margin is also the base of 
the heart and marks the beginning of the 
great vessels. The position of the chambers, 
sulci, and valves is shown in Figure 3-16. 
It should be noted that a portion of the 
heart is not covered by lung and lies directly 
beneath the bony thorax (Figs. 3-14; 3-17), 
while the remainder is overlapped by lung 
tissue. Upon percussion of the chest over 
that region of the heart not covered by lung, 
a less resonant tone is heard and this zone 
has been called the area of superficial car- 


diac dullness. The chest area over the re- 
mainder of the heart covered by lung is 
called the area of deep cardiac dullness. A 
circle 5cm in diameter around a point mid- 
way between the male nipple (fourth inter- 
space) and the end of the sternum usually 
outlines the area of superficial dullness. 
The internal thoracic vessels course verti- 
cally 1cm lateral to the sternal margin and 
extend inferiorly from the subclavian ves- 
sels above the first rib to the sixth cartilage. 
The intercostal vessels and nerves generally 
lie along the inferior borders of the ribs in 
their intercostal spaces in the anterior wall 
and tend to lie deep to the ribs posteriorly. 


The Abdomen 


MUSCLES. The contours of the abdominal 
wall are established largely by the muscles, 
with modifications brought about by the 
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Fig. 3-17. Thoracie and abdominal viscera shown in their normal] relationship to the skeleton. Anterior view. 
(Eyeleshymer and Jones, 1925.) 


accumulation of adipose tissue in the subcu- —s neuroses of the underlying flat abdominal] 
taneous layers. A groove in the midline muscles (Figs. 3-18; 3-28). The umbilicus (or 
called the linea alba separates the medial navel) interrupts the linea alba about mid- 
margin of the rectus abdominis of one side — way along its extent. This depressed scar is 
from that of the other. It extends from the the site of attachment of the umbilical cord 
infrasternal notch above to the pubic sym- _ of the fetus. In most individuals it lies at the 
physis below, and its fibrous structure is level of the intervertebral disc between the 
formed by the decussating fibers of the apo- _ third and fourth lumbar vertebrae. The linea 
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Fic. 3-18. Anterior view of the body showing surface contours of the neck, thorax, upper extremity, and abdomen. 


semilunaris is a curved, vertically oriented 
groove located on both sides of the anterior 
abdominal wall at the lateral margin of the 
rectus abdominis muscles (Fig. 3-28). It is not 
as Clearly marked as the linea alba except in 
muscular subjects, but becomes morc evi- 
dent when the rectus abdominis is in action. 
At the level of the umbilicus, the linea semi- 
lunaris lies about 7cm from the midline, 
curving medially as it nears the pubis. 
Lateral to the rectus, the external oblique 


muscle of the abdomen (Fig. 3-18) becomes 
the most superficial muscle; it interdigitates 
with the serratus anterior above, and poste- 
riorly it is partly overlapped by the latissi- 
mus dorsi. A separation between the exter- 
nal oblique and the latissimus at their 
attachment to the crest of the ilium is known 
as the lumbar triangle (of Petit). This triangle 
is bounded medially by the latissimus dorsi, 
laterally by the external oblique, and inferi- 
orly by the crest of the ilium. The floor of the 
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triangle is formed by the internal oblique 
muscle. 

At the lower border of the external 
oblique, the inguinal ligament lies in the 
floor of the groove of the groin. The ligament 
is formed by the thickened inferior border of 
the aponeurosis of the external oblique. The 
surface of the rectus abdominis muscle, es- 
pecially in a muscular subject, has three 
transverse furrows caused by the tendinous 
inscriptions: one is a little below the xiphoid 
process, one is at the umbilicus, and the 
third is between these two. 

The superficial inguinal ring (Fig. 3-28), an 
opening in the aponeurosis of the external 
oblique, is situated 1 cm above and lateral to 
the pubic tubercle: the deep inguinal ring 
lies 1 to 2cm above the middle of the ingui- 
nal ligament. The position of the inguinal 
canal, which contains the spermatic cord in 
the male and the round ligament of the 
uterus in the female, is indicated by a line 
joining these two rings. 

BONY LANDMARKS. Bony landmarks that 
help define the abdomen include: the lower 
border of the thorax above, which has al- 
ready been described, and the bony pelvis 
below (Figs. 3-19; 3-20). The crest of the 
ilium may be identified by the prominent tu- 
bercle on its outer lip which can be seen or 
palpated. The anterior superior iliac spine 
may be felt in the groin at the lateral end of 
the inguinal ligament (Figs. 3-17; 3-18), and 
the pubic tubercle may be felt at the medial 
end of the ligament, a point which may also 
be identified as the inferior attachment of 
the rectus abdominis muscle. 

ABDOMINAL PLANES AND REGIONS. For con- 
venience of description and reference, the 
abdomen can be divided into nine regions 
by four imaginary planes, two horizontal 
and two sagittal (Fig. 3-21). Indicated by 
lines on the surface of the abdominal wall, 
the two transverse lines are (1) an upper 
transverse, the transpyloric, situated half- 
way between the jugular notch and the 
upper border of the symphysis pubis; this 
line cuts through the pylorus of the stomach, 
the tips of the ninth costal cartilages, and the 
lower border of the first lumbar vertebra; 
(2) a lower transverse line termed the trans- 
tubercular, which passes across the iliac tu- 
bercles and cuts the body of the fifth lumbar 
vertebra. By means of these horizontal 
planes the abdomen is divided into three 
zones. These are further subdivided into 


three regions each by two sagittal planes, 
which are indicated on the surface by right 
and left lateral lines drawn _ vertically 
through points halfway between the anterior 
superior iliac spines and the midline. The 
middle region of the upper zone is called the 
epigastric, and the two lateral regions the 
right and left hypochondriac. The central 
region of the middle zone is the umbilical, 
and the two lateral regions the right and left 
lumbar. The middle region of the lower zone 
is the hypogastric or pubic, and the lateral 
are the right and left iliac or inguinal. 

Another more simplified but quite useful 
subdivision of the abdomen consists of two 
planes at right angles to each other, one cor- 
responding to the midsagittal plane of the 
body, the other to a transverse plane through 
the umbilicus. The resulting four portions 
are known as quadrants, the upper and 
lower, right and left. 

visceRA. Under ncermal conditions the 
various portions of the digestive tube cannot 
be identified by simple palpation. The 
greater part of the liver lies under cover of 
the ribs and cartilages, especially in the su- 
pine position, but during a deep inspiration 
it may be pushed out below the costal mar- 
gin o 1 the right side and felt (Figs. 3-17; 3-22). 
Other viscera can only be palpated in emaci- 
ated subjects with lax abdominal walls, or if 
they are the seat of disease or tumors. 

Stomach (Figs. 3-17; 3-22; 3-23). The 
shape of the stomach changes throughout 
the day and is affected by the particular 
phase of digestion, by the state of the sur- 
rounding viscera, and by the amount and 
character of its contents. Its position also 
varies with that of the body, so that it is im- 
possible to indicate its position on the body 
surface with any degree of accuracy. The 
reference points and measurements given 
below refer to a moderately filled stomach 
with the body in the supine position. 

The cardiac orifice lies deep to the seventh 
left costal cartilage about 2.5cm from the 
left sternal border; it corresponds to the 
level of the tenth thoracic vertebra. The py- 
loric orifice is along the transpyloric line 
about 1cm to the right of the midline, or al- 
ternately 5cm below the seventh right ster- 
nocostal articulation; it is at the level of the 
first lumbar vertebra. 

Duodenum (Fig. 3-24). The duodenum 
consists of four parts, superior, descending, 
horizontal, and ascending. It is approxi- 


First thoracic vertebra _._ 










Lung oe en deccwnobe dd 








9 \ . Pi ' = ‘y $ (A = im a7 oe, 
“he " p j hs rons a's SM, <“atf 
? \ be % 4 My : 
‘e 4, % J é 
* 
fj D4 VW We , ies 
f ‘ “4 


ip 
on 














‘ 








Spleen --}--1 4G Min: 
Vik | 7 
be is FE is Pot) .. “El 
iy ct fe + : ¢ y Mi ik A 
Kidney «-\----)7 R= Seek eae i 


Descending colon 


Psoas major m. 


AN * ag 
“= RY ah 
vi \ 


7K 


Urinary bladder -*-+----4---- 


Rectum * 


. 


ES 
D 
i) < \ Fan < 
t ° ~s A qa 
\ Fae, NY nak SS *, 
: \ \ 
ea ‘ 5 AY .Y ‘ 
a 1. 
\\ i ¥ ‘ 
: ot 
i} . . 
t ! . 
. a 
Tes - 
; > 
re " — 
f} B, 
a 7 of ‘ 
ih ~s 
: qf as 
Ge 


Ure 


\\2 
ws 
EN 
yg 
SY 
3 


THE ABDOMEN 


ous, 


) Scapula 







avy 
nN 
» 


(i 


if 
\ 


i 















7 















S | 
Se 


pr 

YR 

ZX 
—— 


YZ 


ZA 
Ly, 


) 
Lie 


Y, 
a 


-_ = 






Wy) 


ae i? 
£8 
\ \\ Fae 
. \ a 4 
e he y 
tes 
Wet, 
® ‘ “Sg th 
AVY beg 4 
Ae” 6 
5 4 






Humerus 


Diaphragm 












---7---- Suprarenal gland 


Yi -- Liver 







---= Ascending colon 






“e, Ws \ 
tage + - ; og am once ‘ 
PRS Ilium 
AS at \ 
> ane 
0a 
~ oe 


PER 
Poy" “! 


See Se 
. > 


a. 
St PSO 
RIPE RE of 


errs" Sacroiliac ligament 


. 
ae 
- 
Pe 


Femur 





FiG. 3-19. Thoracic and abdominal viscera shown in their normal relationship to the skeleton. Posterior view. 


(Eycleshymer and Jones, 1925.) 


mately 25 cm in length, shaped in the form of 
aC,” and is the commencement of the small 
intestine. The superior part passes trans- 
versely to the right and somewhat posteri- 
orly. It extends from the pylorus nearly to 
the right lateral line. The descending part, 
situated medial to the right lateral line, 


courses inferiorly from the transpyloric line 
(L1) to a point midway between the 
transpyloric and transtubercular lines (be- 
tween L3 and L4). The horizontal part runs 
transversely. but with a slight upward slope 
from the end of the descending part to the 
left of the midline. The ascending part is 
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Fig. 3-20. Thoracic and abdominal viscera shown in their normal relationship to the skeleton, from the left side. 


(Eycleshymer and Jones, 1925.) 


vertical, reaches the transpyloric line, and 
ends at the duodenojejunal flexure, about 
2.5¢m to the left of the midline. 

Jejunum and Ileum. The coils of small 
intestine, comprising the jeyunum and ileum, 
occupy most of the abdomen. Usually the 
greater part of the jejunum is situated on the 
left side of the abdomen, while the coils of 
the ileum are located on the right side and 


partially within the pelvis. The small intes- 
tine terminates at the ileocolic junction, 
which is slightly below and medial to the 
intersection of the right lateral and trans- 
tubercular lines (Fig. 3-21). 

Cecum and Vermiform Appendix. The 
cecum is in the right iliac and hypogastric 
regions. Its position varies with its degree of 
distention, but a line drawn from the right 
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Fic. 3-21. Surface lines on the anterior aspect of the thorax and abdomen. Observe the arbitrary subdivision of the 
abdomen into nine zones by two transverse planes (transpyloric and transtubercular) and two vertical planes (right 


and left lateral lines). 


anterior superior iliac spine to the upper 
margin of the symphysis pubis will mark 
approximately the middle of its lower bor- 
der. The position of the base of the appendix 
is indicated by a point on the lateral line, 
level with the anterior superior iliac spine 
(Fig. 3-22). 

Ascending Colon (Figs. 3-17; 3-19; 3-22; 3- 
26). The ascending colon, in contact with 
the posterior wall of the abdomen, passes 
upward from the right iliac region through 
the right lumbar region, lateral to the right 
lateral line. It bends abruptly at the right 
colic flexure, which is situated at the inter- 


section of the subcostal and right lateral 
lines. The right costal margin, the right lobe 
of the liver, and the gallbladder overlie the 
right colic flexure. 

Transverse Colon (Figs. 3-17; 3-20; 3-22; 
3-23). The transverse colon is the most mo- 
bile part of the large intestine and it crosses 
the abdomen in the epigastric region. Its 
lower border is located on a level slightly 
above the umbilicus, while its upper border 
lies just below the greater curvature of the 
stomach (Fig. 3-17). 

Descending Colon (Figs. 3-19; 3-20; 3-26). 
Under cover of the left costal margin and in 
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Fic. 3-22. Anterior aspect of abdomen showing the surface projections for the liver, stomach, and large intestine. 


relationship to the spleen, the transverse 
colon turns sharply downward and becomes 
the descending colon at the left colic flexure. 
This flexure is situated approximately at the 
intersection of the left lateral and trans- 
pyloric lines. The descending colon courses 
inferiorly through the left lumbar region, lat- 
eral to the left lateral line, as far as the iliac 
Ges: 

Sigmoid Colon (Figs. 3-17; 3-20). The iliac 
and pelvic portions of the large intestine 
form the sigmoid colon. The iliac portion is 
contained in the left iliac fossa, and contin- 
ues as the pelvic colon at the left lateral line. 
The sigmoid colon is freely moveable since 
it has a mesentery, and it becomes the rec- 
tum anterior to the sacrum in the midline 
(Figs. 3-19; 3-20; 3-23; 3-27). 

Liver (Fig. 3-17; 3-22). The liver is located 
in the right hypochondrium, extending 
across the midline toward the left into the 
upper part of the epigastric region. Although 
the liver moves up and down with respira- 
tion, the upper limit of its right lobe, in the 
midline, is at the level of the junction be- 
tween the body of the sternum and the xiph- 


oid process. On the right side the superior 
border of the liver carries upward as far as 
the fifth costal cartilage in the midclavicular 
line. On the left side the liver extends across 
the midline as far as 7 or 8cm. Its upper mar- 
gin is somewhat lower than on the right, 
reaching the sixth costal cartilage. The infe- 
rior extent of the liver can be indicated by a 
line drawn 1cm below the lower margin of 
the thorax on the right side as far as the 
ninth costal cartilage, then obliquely up- 
ward to the eighth left costal cartilage, cross- 
ing the midline just above the transpyloric 
plane. Finally, with a slight left convexity, 
the inferior border reaches the end of the 
line, indicating the upper limit at about the 
fifth left interspace. 

Gallbladder. The gallbladder is attached 
to the inferior (visceral) surface of the liver 
(Figs. 3-17; 3-23). Its fundus is directed inferi- 
orly and projects just beyond the lower bor- 
der of the right lobe of the liver at the ninth 
right costal cartilage close to the lateral mar- 
gin of the rectus abdominis. 

Pancreas (Fig. 3-24). The pancreas lies in 
front of the second lumbar vertebra. Its head 
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Fic. 3-23. Thoracic and abdominal viscera shown in their normal relationship to the skeleton from the right side. 


(Eycleshymer and Jones, 1925.) 


occupies the curve of the duodenum and is 
therefore indicated by the same lines as that 
viscus; its neck corresponds to the pylorus. 
Its body extends along the transpyloric line, 
the bulk of it lying above this line; the tail is 
in the left hypochondriac region, extending 
slightly to the left of the lateral line and 
above the transpyloric line. 


Spleen (Figs. 3-15; 3-17; 3-19; 3-20; 3-25). 
The long axis of the spleen corresponds to 
that of the tenth rib on the left side. It is situ- 
ated between the upper border of the ninth 
and the lower border of the eleventh ribs. It 
is separated from the ribs by the diaphragm. 
Its medial end is about 4 cm to the left of the 
midline of the back. Its lateral extent is the 
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Fig. 3-24. Front of abdomen, showing surface projections for duodenum, pancreas, and kidneys. AA’, Plane through 
the xiphisternal junction. BB’, Plane midway between AA’ and transpyloric plane. CC’, Plane midway between 
transpyloric and transtubercular planes. The vertical lines are the left and right lateral lines between which is the 


midline. 


left midaxillary line at the ninth intercostal 
space. 

Lying obliquely in the left hypochondrium, 
the superior border of the spleen at times 
can extend more medially into the epigas- 
trium. The inferior pole of the spleen is gen- 
erally described as extending to the level of 
the first lumbar vertebra in the cadaver; 
however, in the erect, living person, it usu- 
ally extends significantly lower, to the third 
lumbar vertebra. 





Fig. 3-25. Back of lumbar region, showing surface 
projections for kidneys, ureters, and spleen. The lower 
portions of the lung and pleura are shown on the right 
side. 


Kidneys (Figs. 3-19; 3-20; 3-23; 3-24 to 3- 
27). The kidneys are located in the poste- 
rior abdomen on each side of the spinal col- 
umn. The right kidney usually lies about 
1 cm lower than the left because of the pres- 
ence of the liver on the right side, but for 
practical purposes similar surface markings 
may be taken for each. 

Projected anteriorly, the upper pole of 
each kidney lies along a line midway be- 
tween the plane of the xiphisternal junction 
and the transpyloric plane. The upper pole 
of each kidney is found about 5cm from the 
midline (see Plane BB’ in Fig. 3-24). The 
lower poles are situated along a plane mid- 
way between the transpyloric and intertu- 
bercular planes, 7 cm from the midline (see 
Plane CC’ in Fig. 3-24). The hilum of each 
kidney lies along the transpyloric plane, 
5cm from the midline. Around these three 
points a bean-shaped figure 4 to 5cm broad 
is drawn, two thirds of which lies medial to 
the lateral line. To indicate the position of 
the kidney from the back, a parallelogram 
may be used. Two vertical lines are drawn, 
the first 2.5cm, the second 9.5cm from the 
midline; the parallelogram is completed by 
two horizontal lines drawn at the level of 
the tip of the spinous process of the eleventh 
thoracic and the lower border of the spinous 
process of the third lumbar vertebra. The 
hilum is 5cm from the midline at the level 


of the spinous process of the first lumbar ver- 
tebra. 

Ureters. The ureters are flattened tubes, 
28 to 34cm in length, which extend verti- 
cally, one on each side, from the kidneys to 
the bladder (Figs. 3-26; 3-27). Projected on 
the anterior aspect of the abdomen, the line 
of the ureter courses from the hilum of the 
kidney to the pubic tubercle. Their vertical 
course can be visualized posteriorly extend- 
ing from the hilum of the kidney and passing 
practically across the posterior superior iliac 
spine (Fig. 3-26). 

Vessels (Fig. 3-28). The course of the infe- 
rior epigastric artery can be approximated 
to the umbilicus. This line also indicates the 
lateral boundary of Hesselbach’s triangle, 
the other boundaries of this triangle being 
the lateral border of the rectus abdominis 
muscle and the medial half of the inguinal 
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ligament. This triangle is of importance in 
the classification of inguinal hernias. There 
are two types of inguinal hernias, indirect 
(lateral, oblique, or congenital) and direct 
(medial or acquired). An indirect inguinal 
hernia is generally congenital, and the herni- 
ation commences lateral to the inferior epi- 
gastric artery. The path of the herniation fol- 
lows the course of the spermatic cord or 
round ligament of the uterus through the 
inguinal canal, and hence it does not pene- 
trate through Hesselbach’s triangle. A direct 
inguinal hernia is usually due to some un- 
derlying weakness or defect in the lower 
anterior abdominal wall. The herniation 
occurs medial to the inferior epigastric ar- 
tery and, therefore, commences through 
Hesselbach’s triangle. 

The abdominal aorta begins in the midline 
about 4cm above the transpyloric line and 
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Fic. 3-27. Projection showing the average position of 
the female pelvic organs. Lateral view. (Eycleshymer 
and Jones, 1925.) 


extends to a point 2cm below and to the left 
of the umbilicus (AA’, Fig. 3-28). The point of 
bifurcation of the abdominal aorta corre- 
sponds to the level of the fourth lumbar ver- 
tebra. A line drawn from that site to a point 
midway indicates the course of the common 
iliac artery and one of its branches, the ex- 
ternal iliac. 

Of the larger branches of the abdominal 
aorta, the celiac artery is 4cm above the 
transpyloric line. The superior mesenteric 
artery is 2cm above and the renal arteries 
are 2cm below the same line. The inferior 
mesenteric artery is 4cm above the bifurca- 
tion of the abdominal aorta (Fig. 3-28). 

Nerves. The skin of the anterior abdomi- 
nal wall is innervated by anterior and lateral 
cutaneous branches of spinal nerves T7 
through L1. These course around the trunk 
in a manner that could be represented by 
lines continuing those of the bony ribs. The 
termination of the seventh thoracic nerve is 
at the level of the xiphoid process; the tenth 
reaches the vicinity of the umbilicus: the 


twelfth ends about midway between the 
umbilicus and the upper border of the sym- 
physis pubis. The first lumbar nerve courses 
parallel to the thoracic nerves. Its iliohypo- 
gastric branch becomes cutaneous above the 
subcutaneous inguinal ring, while its ilio- 
inguinal branch becomes cutancous by pen- 
etrating through the ring. 


The Perineum 


A line drawn transversely between the 
ischial tuberosities divides the perineum 
into a posterior or rectal triangle and an an- 
terior or urogenital triangle (see Fig. 6-38). 
This line passes through the central tendi- 
nous point of the perineum, which is situ- 
ated in the female about 2.5cm anterior to 
the center of the anal aperture, or, in the 
male, midway between the anus and the re- 
flection of the skin onto the scrotum. 

RECTAL EXAMINATION (Fig. 3-29). A finger 
inserted through the anal orifice is com- 
pressed by the external anal sphincter, 
passes into the region of the internal anal 
sphincter, and more deeply encounters the 
resistance of the puborectalis; beyond this it 
may reach the lowest of the transverse rectal 
folds. Anteriorly, the urethral bulb and the 
membranous urethra are first identified, and 
then about 4cm deep to the anal orifice in 
the male the prostate is felt. Beyond the 
prostate, the seminal vesicles, if enlarged, 
and the fundus of the bladder, when dis- 
tended, are palpable. On either side of the 
anus is the ischiorectal fossa. Posterior to 
the anus can be felt the anococcygeal body, 
the pelvic surfaces of the coccyx and lower 
end of the sacrum, and the sacrospinous lig- 
aments. 

Additionally, rectal examination in the 
female allows the posterior wall and fornix 
of the vagina, and the cervix and body of the 
uterus to be felt in front, while somewhat 
laterally the ovaries can just be reached. 

SUPERFICIAL MALE UROGENITAL ORGANS. 
The penis and the testes within their scrotal 
sac constitute the male superficial urogenital 
organs. The penis consists of two corpora 
cavernosa penis, which can be followed 
backward to their crura attached to the sides 
of the pubic arch, and the corpus spongio- 
sum penis, the middle portion, which is tra- 
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Fic. 3-28. The front of the abdomen showing the surface projection of the arteries and the inguinal canal. The line 
AA’ is drawn at the level of the highest points of the iliac crests. Observe that the region bounded by the inguinal 
ligament, the linea semilunaris (lateral border of the rectus abdominis muscle), and the inferior epigastric artery is the 


triangle of Hesselbach. 


versed by the urethra. The distal portion of 
the corpus spongiosum penis is the glans 
penis, which is covered by the prepuce. The 
external urethral orifice can be examined at 
the tip of the glans penis, and the course of 
the urethra can be traced along the under- 
surface of the penis to the bulb, which is sit- 
uated immediately in front of the central 
point of the perineum. The testis can be pal- 
pated through the wall of the scrotum on ei- 
ther side. It lies toward the back of the scro- 
tum, and along its posterior border the 
epididymis can be felt. Passing upward 
along the medial side of the epididymis is 
the spermatic cord, which is palpable as far 
as the superficial inguinal ring. 

SUPERFICIAL FEMALE UROGENITAL ORGANS 
(Figs. 3-26; 3-27). The female urogenital 
structures that are observable superficially 
include the labia majora, the labia minora, 
and the clitoris. The labia majora are two 
prominent and rounded folds of skin cover- 
ing fatty and areolar tissue which extend 
from a site anterior to the anus to the mons 


pubis, a soft mound of tissue in front of the 
symphysis pubis. Between the labia majora 
are two smaller and more narrow longitudi- 
nal folds, the labia minora. In the pudendal 
cleft between the labia minora are the open- 
ings of the vagina and urethra. In the virgin 
the vaginal opening is partly closed by a thin 
fold of mucous membrane, the hymen. After 
coitus the remains of the hymen are repre- 
sented by small rounded elevations called 
the carunculae hymenales. Between the 
hymen and the frenulum of the labia minora 
is the fossa navicularis, while in the grooves 
between the hymen and the labia minora, 
the small openings of the greater vestibular 
(Bartholin’s) glands can be seen. These 
glands, when enlarged, can therefore be felt 
on either side of the posterior part of the 
vaginal orifice. The clitoris, composed of 
erectile tissue, is situated in the midline an- 
terior to the urethral orifice. It is palpable at 
the anterior ends of the labia minora and is 
an organ homologous to the male penis. 
VAGINAL EXAMINATION (Fig. 3-30). With the 
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Fic. 3-29. The digital rectal examination. With the gloved index finger the anal canal in both sexes can be examined 
for tumors or other pelvic problems for a distance of about three inches. In the male the prostate gland and seminal 
vesicle can be palpated anteriorly. In the female the posterior wall of the vagina and the uterine cervix may be 
explored and by moving the finger laterally, the uterine tubes and ovaries may be felt. 


examining finger inserted into the vagina the 
following structures can be palpated 
through its posterior wall from below up- 
ward: the anal canal, the rectum, and the 
rectouterine excavation. Projecting into the 
roof of the vagina is the vaginal portion of 
the uterine cervix with its external uterine 
orifice. In front of and behind the cervix the 
anterior and posterior vaginal fornices can 
be examined. With a finger still in the vagina 
and with the other hand exerting pressure 
on the abdominal wall, the entire cervix and 
body of the uterus as well as the uterine 
tubes and ovaries can be palpated. If a spec- 
ulum is introduced into the vagina, its walls, 
the vaginal portion of the cervix, and the 
external uterine orifice can all be visually 
examined. 


The external urethral orifice les in front 
of the vaginal opening, and the angular gap 
in which the orifice is situated between the 
two converging labia minora is termed the 
vestibule. The urethral canal in the female is 
easily dilatable and can be explored with the 
finger. About 2.5cm in front of the external 
orifice of the urethra are the glans and pre- 
puce of the clitoris, and still farther forward 
is the mons pubis. 


The Upper Limb 


pones. The clavicle can be felt through- 
out its entire length (Figs. 3-17; 3-18). It is a 
curved bone and its extremities are enlarged 
both medially, where it articulates with the 
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Fic. 3-30. The digital vaginal examination. Digital palpation of the vaginal walls also allows for direct examination 
of the uterine cervix, as well as palpation of the uterus, bladder, and urethra anteriorly and the uterine tubes and 


ovaries laterally. 


sternum, and laterally, where it articulates 
with the acromion of the scapula. The clavi- 
cle is fractured more frequently than any 
other bone in the body. 

The only parts of the scapula (Figs. 3-19; 
3-31) that are truly subcutaneous are the 
spine and acromion, but the coracoid proc- 
ess, the vertebral border, the inferior angle, 
and to a lesser extent the axillary border can 
also be readily palpated. The acromion and 
spine are recognizable surface landmarks 
throughout their entire extent, forming with 
the clavicle the arch of the shoulder. The 
acromion forms the point of the shoulder; it 
joins the clavicle at an acute angle—the 
acromial angle—slightly medial to, and be- 
hind the tip of the acromion. The scapular 
spine can be felt as a distinct ridge, marked 
on the surface as an oblique depression 
which becomes less distinct and ends in a 
slight dimple a little lateral to the spinous 
processes of the vertebrae (Figs. 3-11, 3-31). 
The spine of the scapula helps to define the 


muscle-filled infraspinatus and supraspina- 
tus fossae. Below the spine the contour of 
the infraspinatus muscle can readily be in- 
spected, whereas above the spine the supra- 
spinatus muscle is covered smoothly by the 
trapezius (Fig. 3-31). The coracoid process is 
situated about 2cm below the junction of 
the middle and lateral thirds of the clavicle. 
It is covered by the anterior border of the 
deltoid, and thus lies a little lateral to the 
infraclavicular fossa or depression which 
marks an interval bounded by the pectoralis 
major, the deltoid, and the clavicle called the 
deltopectoral triangle. Through this triangle 
the superficially coursing cephalic vein pen- 
etrates the deep fascia to enter the axillary 
vein just below the level of the clavicle. 
The humerus (Figs. 3-32, 3-33, 3-34) is al- 
most entirely surrounded by muscles, and 
the only parts that are strictly subcutaneous 
are small portions of the medial and lateral 
epicondyles. Additionally, however, the tu- 
bercles and a part of the head of the hu- 
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FiG. 3-31. Cross-section, viewed from above, through the right arm at a level immediately below the proximal 
one-third of the humerus. 
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Fig. 3-32. Cross section, viewed from above, through the right arm, a little below the middle of the shaft of the 
humerus. 
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Fic. 3-33. 


merus can be felt under the skin and muscles 
by which they are covered. The greater tu- 
bercle forms the most prominent bony point 
of the shoulder, extending even beyond the 
acromion. This tubercle, covered by the del- 
toid muscle, forms the roundness of the lat- 
eral aspect of the shoulder. On the distal end 
of the humerus the medial and lateral epi- 
condyles can be palpated on either side of 
the elbow joint. Of these, the medial epicon- 
dyle is the more prominent, but the medial 
supracondylar ridge passing upward from it 
is much less marked than the lateral, and as 
a rule is not palpable. 

The most prominent part of the ulna, the 
olecranon, can easily be identified behind 
the elbow joint. The prominent dorsal bor- 
der of the ulna can be felt along its whole 
length in the forearm (Figs. 3-35; 3-36), and 
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the styloid process forms a prominent tuber- 
cle at the distal end of the ulna. It is continu- 
ous above with the dorsal border and ends 
below in a blunt apex at the level of the 
wrist joint. 

Below the lateral epicondyle of the hu- 
merus a portion of the head of the radius is 
palpable. When the forearm is extended, a 
depression can be observed in the postero- 
lateral aspect of the elbow joint. Rotation of 
the head of the radius can be palpated in this 
depression while the subject pronates and 
supinates the forearm. The upper half of the 
body of the radius is obscured by muscles 
(Figs. 3-35; 3-36); the lower half, though not 
subcutaneous, can be traced downward to 
the lateral aspect of the wrist joint. Here, a 
conical projection of bone, the styloid proc- 
ess of the radius, can be observed to project 
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Fic. 3-34. Cross section, viewed from above, through the right arm 2 cm. proximal to the medial epicondyle of the 


humerus. 


5 to 6mm distal to the styloid process of the 
ulna. 

The radius and ulna articulate distally 
with the carpal bones at the wrist joint. On 
the front of the wrist are two subcutaneous 
eminences: one, on the radial side, the larger 
and flatter. is produced by the adjacent tu- 
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bercle of the scaphoid bone and ridge of the 
trapezoid bone; the other, on the ulnar side, 
is formed by the pisiform bone. The rest of 
the palmar surface of the carpal bones is 
covered by tendons and the transverse car- 
pal ligament, and is entirely concealed. An 
exception is the hamulus (or hook) of the ha- 
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FiG. 3-35. Cross section, viewed from above, through the right forearm at the level of the radial (bicipital) tuberosity. 
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Fic. 3-36. Cross section, viewed from above, through the middle of the right forearm. 


mate bone on the ulnar side of the wrist, 
which, however, is also somewhat difficult 
to define. On the dorsal surface of the carpus 
only the triquetral bone can be clearly rec- 
ognized by palpation. 

Distal to the wrist the dorsal surfaces of 
the metacarpal bones, covered by the exten- 
sor tendons, are visible only in very thin 
hands. The dorsal surface of the fifth meta- 
carpal bone is, however, subcutaneous 
throughout almost its entire length. The 
heads of the metacarpal bones are their dis- 
tal extremities, and they can be plainly seen 
and felt, rounded in contour and standing 
out under the skin when the fist is clenched, 
forming the prominences of the knuckles. 
The head of the third metacarpal is the most 
prominent. 

The enlarged ends of the phalanges can be 
easily felt. When the digits are bent the 
proximal ends of the phalanges form promi- 
nences. In the joints between the first and 
second phalanges, these prominences are 
slightly hollow, but they are flattened and 
square-shaped between the second and third. 

ARTICULATIONS. The — sternoclavicular 
joint is subcutaneous, and its position can be 
identified by the enlarged sternal extremity 
of the clavicle, lateral to the cord-like sternal 
head of the sternocleidomastoid. Upon re- 
laxing this muscle, a depression between the 
end of the clavicle and the sternum can be 
felt, defining the position of the joint. The 
sternoclavicular joint is the only articulation 
between the upper extremity and the trunk. 


Posterior to this joint on the right side is 
found the pleural covering of the right lung 
along with the right brachiocephalic artery 
and vein. On the left side, in addition to the 
pleura, the left brachiocephalic vein, the left 
common carotid artery, and the thoracic 
duct underlie this joint. 

The position of the acromioclavicular 
joint can generally be ascertained by deter- 
mining the slightly enlarged acromial end of 
the clavicle, which usually projects some- 
what above the level of the acromion, 
thereby overriding it. Sometimes this en- 
largement is considerable, forming a 
rounded eminence. 

The shoulder joint is deeply seated and 
cannot be palpated. It should be appreci- 
ated, however, that the glenoid cavity of the 
scapula, into which the spherical head of the 
humerus fits, is exceedingly shallow. This, 
along with the looseness of the articular cap- 
sule, allows for the elegant freedom of 
movement at that joint. At the same time, 
however, the shoulder joint is weakly con- 
structed. Although it receives some protec- 
tion from tendons, muscles, and the coracoid 
and acromial processes and their associated 
ligaments, dislocations occur more _fre- 
quently at this joint than at any other. These 
usually are directed initially inferiorly to 
assume a subglenoid position, but then sec- 
ondarily the head of the humerus may be 
directed anteriorly, beneath the coracoid 
process of the clavicle, or posteriorly, be- 
neath the acromion or spine of the scapula. 
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The elbow joint consists of two articula- 
tions: the humeroulnar, in which the troch- 
lea of the humerus fits into the trochlear 
notch of the ulna, and the humeroradial, in 
which the capitulum of the humerus articu- 
lates with the head of the radius. Behind the 
curved trochlear notch of the ulna is the 
thick and prominent olecranon. When the 
forearm is flexed, the olecranon becomes the 
pointed bony eminence of the elbow. When 
the forearm is extended. the olecranon fits 
snugly between the epicondyles of the hu- 
merus, forming a continuous line between 
forearm and arm. If the forearm is slightly 
flexed, a curved crease or fold with its con- 
vexity downward is seen in front of the 
elbow, extending from one epicondyle to the 
other; the elbow joint is slightly distal to the 
center of the fold. The position of the 
humeroradial joint can be ascertained by 
feeling for a slight groove or depression be- 
tween the head of the radius and the 
capitulum of the humerus, at the back of the 
elbow joint. 

In addition to their articulation with the 
humerus, the radius and ulna articulate with 
each other proximally, below the elbow 
joint, along their shafts by way of the inter- 
osseous membrane. and distally, just above 
the carpal bones. The position of the proxi- 
mal radioulnar joint is marked on the sur- 
face at the back of the elbow by a slight de- 
pression, which indicates the position of the 
head of the radius. The site of the distal radi- 
oulnar joint can be defined by feeling for the 
slight groove at the back of the wrist be- 
tween the prominent head of the ulna and 
the lower end of the radius, when the fore- 
arm is pronated. 

Of the three transverse skin furrows on 
the front of the wrist, the middle corre- 
sponds fairly accurately with the wrist 
joints, while the most distal indicates the 
position of the midcarpal articulation. 

The metacarpophalangeal and interpha- 
langeal joints are readily available for sur- 
face examination. The former are situated 
just distal to the prominences of the knuck- 
les: the latter are sufficiently indicated by the 
furrows on the palmar and the wrinkles on 
the dorsal surfaces of the fingers. 

musctes. The large muscles that arise on 
the trunk and insert on the shoulder girdle 
form the superficial layers of muscle of the 
thorax, both on the chest and on the back. 
The pectoralis major (Figs. 3-18; 3-37), latis- 


simus dorsi (Fig. 3-31), and trapezius (Figs. 
3-11: 3-13: 3-31) muscles are easily visible in 
most subjects. The serratus anterior (Figs. 
3-13; 3-37) is mostly concealed by the scap- 
ula, but its serrations, interdigitating with 
the external oblique on the anterolateral 
aspect of the chest, are usually visible in 
muscular or thin subjects (Fig. 3-37). The 
pectoralis minor is completely hidden by the 
pectoralis major. 

The deltoid (Figs. 3-11; 3-13; 3-31) and the 
teres major (Fig. 3-37) are prominent on the 
shoulder. The biceps (Fig. 3-37), coracobra- 
chialis, and brachialis are easily distinguish- 
able on the anterior, and the triceps (Fig. 
3-37) on the posterior aspect of the arm. The 
muscles of the forearm form two groups: a 
medial group, consisting of the flexors and 
the pronators arising from the medial epi- 
condyle, and a lateral group, comprised of 
the extensors and supinators arising from 
the lateral epicondyle. Many tendons of the 
individual forearm muscles can be identified 
at the wrist (Fig. 3-37). 

The antecubital fossa, in front of the 
elbow joint, is triangular in shape. Its bound- 
aries are a lateral group forearm muscle, the 
brachioradialis, a medial group muscle, the 
pronator teres, and a line joining the medial 
and lateral epicondyles above. The brachial 
and supinator muscles form the floor of the 
fossa, and within it the brachial artery and 
median nerve may be palpated. Through the 
fossa courses the median cubital vein, mak- 
ing it readily accessible clinically for intra- 
venous injections or blood withdrawal. 

The synovial tendon sheaths of the palm 
and dorsum of the hand cannot be identified 
except as they follow the various tendons 
across the wrist and distally in the fingers. 

ARTERIES. Above the middle of the clavi- 
cle the pulsation of the subclavian artery 
can be detected by pressing downward, 
backward, and medialward against the first 
rib. The pulsation of the axillary artery as it 
crosses the second rib can be felt below the 
middle of the clavicle just medial to the cor- 
acoid process. The course of the artery can 
be followed along the lateral wall of the ax- 
illa to the medial border of the cora- 
cobrachial muscle. The brachial artery can 
be recognized along practically its entire 
extent, coursing down the medial margin of 
the biceps. The radial artery becomes super- 
ficial over the lower end of the radius, be- 
tween the styloid process and flexor carpi 
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Fic. 3-37. Anterior view of head and chest and the upper extremities demonstrating surface muscular contours. 


radialis. It is used clinically for observations 
of the pulse (Figs. 3-38; 3-40). The ulnar ar- 
tery also becomes more superficial in its 
course down the medial aspect of the distal 
forearm, and at the wrist, the ulnar nerve lies 
just medial to the artery. Both the ulnar and 
the radial arteries enter the hand (Fig. 3-40). 

In the hand the superficial palmar arch 
(Fig. 3-40), derived mainly from the ulnar 
artery, can be indicated by a line starting 
from the radial side of the pisiform bone and 
curving distalward and lateralward as far as 
the base of the thumb, with its convexity 
toward the fingers. The summit of the arch is 
usually on a level with the ulnar border of 
the outstretched thumb. The deep palmar 
arch (Fig. 3-40), derived mainly from the ra- 
dial artery, is practically transverse, and is 
situated deeper in the hand and somewhat 
more distal to the superficial palmar arch. 

veins. The superficial veins of the upper 
limb are easily rendered visible by com- 
pressing the proximal trunks. The basilic 
vein forms from the venous network on the 
ulnar side of the dorsal hand and then passes 
up the medial aspect of the forearm and arm 


to join the more deeply coursing brachial 
vein to form the axillary vein. The cephalic 
vein (Fig. 3-13) commences on the radial as- 
pect of the dorsal hand, courses up the lat- 
eral aspect of the forearm and arm, and 
passes in the groove between the deltoid and 
pectoralis major muscles to enter the axil- 
lary vein. In front of the elbow, the median 
cubital vein communicates between the Ce- 
phalic and basilic veins. 

NERVES (Figs. 3-38; 3-39). The uppermost 
trunks of the brachial plexus are palpable 
for a short distance above the clavicle as 
they emerge from under the lateral border of 
the sternocleidomastoid:; the larger nerves 
derived from the plexus can be rolled under 
the finger against the lateral axillary wall. 
but cannot be identified with certainty at 
this site. 

The axillary nerve (Fig. 3-39) emerges 
from the posterior cord of the brachial 
plexus. It then courses around the shaft 
of the humerus under cover of the deltoid 
muscle. 

The musculocutaneous nerve (Fig. 3-32) 
lies deep within the musculature of the 
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Fic. 3-39. Posterior aspect of right upper extremity showing surface projection of bones and nerves. 
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Fic. 3-40. Palm of left hand, showing position of skin 
creases and bones, and surface projection for the palmar 
arterial arches. 


flexor compartment in the arm, but becomes 
superficial about 7.5cm above the cubital 
fossa, lateral to the tendon of the biceps bra- 
chii. 

The line of the median nerve (Figs. 3-32; 
3-33; 3-38) in the arm is practically the same 
as that for the brachial artery and may even 
be injured when pressure is applied to the 
artery. Anterior to the elbow, the nerve lies 
medial to the artery in the center of the cubi- 
tal fossa. Descending the forearm under 
cover of the anterior forearm muscles, it 
reaches the wrist lateral to the palmaris 
longus, and enters the palm of the hand by 
passing deep to the flexor retinaculum 
within the carpal tunnel. 

The ulnar nerve (Figs. 3-34 to 3-36; 3-38) 
also follows the course of the brachial artery 
in the upper arm, then diverges and de- 
scends in the groove behind the medial epi- 
condyle over the elbow, where it lies just 
beneath the skin. In the upper forearm it 
descends along the ulnar side under the 
flexor carpi ulnaris, while more distally in 
the forearm it courses with the ulnar artery, 
with which it enters the ulnar aspect of the 
palm of the hand superficial to the flexor ret- 
inaculum. 

The radial nerve (Figs. 3-32; 3-33; 3-34; 
3-35; 3-38; 3-39) derives from the posterior 
cord of the brachial plexus and achieves the 
posterior compartment of the arm by cours- 


ing deeply between the medial and long 
heads of the triceps brachii. Here it is ac- 
companied by the profunda brachii artery 
along the spiral groove of the humerus. Be- 
cause of this relationship with the bone, it is 
liable to injury in fractures of the humerus 
or may be severely compressed by pressure. 
Supplying the extensor compartment mus- 
cles in the forearm, the radial nerve eventu- 
ally achieves the dorsum of the hand, which 
it helps to innervate with sensory fibers. 





The Lower Limb 


BONES. The pelvis or hip bones are 
largely covered with muscle, so that only at 
a few sites do they lie immediately beneath 
the skin surface. The highest part of the pel- 
vis on each side is the thick iliac crest. This 
can be easily palpated, except in very obese 
individuals, and can be traced anteriorly to 
the anterior superior iliac spine, and posteri- 
orly to the posterior superior iliac spine. The 
latter bony spine is indicated by a slight de- 
pression. On the outer lip of the crest, about 
5cm behind the anterior superior spine, is 
the prominent iliac tubercle. In thin subjects 
the pubic tubercle, located near the superior 
lateral border of the symphysis pubis, is very 
apparent, but in the obese it is obscured by 
the pubic fat. It can, however, be detected by 
following the tendon of origin of the adduc- 
tor longus superiorly. Additionally, the in- 
guinal ligament can be followed from the 
anterior superior iliac spine to the pubic tu- 
bercle. Another part of the bony pelvis that 
is accessible to touch is the ischial tuberos- 
ity, situated beneath the gluteus maximus. 
When the hip is flexed, this tuberosity can 
easily be felt, since it is then not covered by 
muscle. 

The femur (Figs. 3-41 to 3-43) is enveloped 
by muscles, so that the only palpable parts 
are the lateral surface of the greater trochan- 
ter and the lower expanded end of the bone. 
The greater trochanter can be felt on the 
upper lateral aspect of the thigh. It is gener- 
ally indicated by a depression, owing to the 
thickness of the gluteus medius and gluteus 
minimus which project above it. The greater 
trochanter becomes a more prominent pro- 
tuberance if the thigh is flexed and crossed 
over the opposite one. At the lower end of 
the femur the lateral condyle is more easily 
felt than the medial. Both epicondyles can 
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be readily identified, and at the summit of 
the medial epicondyle the sharp adductor 
tubercle can be recognized without diffi- 
culty. 

The anterior surface of the patella is sub- 
cutaneous (Fig. 3-44). This sesamoid bone 
lies within the tendon of the quadriceps 
femoris muscle, and when the muscle is re- 
laxed, the patella can be moved from side to 
side. Upon flexion of the leg the patella re- 
cedes between the condyles of the femur, 
but upon extension it lies anterior to the 
condyles. By its position, the patella helps to 
protect the knee joint from injury, strength- 
ening the structure of the quadriceps tendon 
as well. 

A considerable portion of the tibia or shin 
bone is subcutaneous (Figs. 3-46; 3-47). At the 
upper end the tibial condyles can be felt just 
below the knee joint. In front of the upper 
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Fic. 3-41. Anterior view of lower limbs and abdomen 
demonstrating surface muscular contours. 


108 ‘URFACE AND TOPOGRAPHICAL ANATOMY 













Profunda femoris vessels 


Branches of femoral nerve 


Great saphenous vein 


Femoral artery 


Femoral vein 


Medial 


Obturator nerve 


Semimembranosus 


Lateral 


Sciatic nerve 


Fig. 3-42. Cross section through the right thigh, viewed from above, at the level of the apex of the femoral triangle. 


end of the bone, between the condyles, is an 
oval eminence, the tibial tuberosity, which 
is continuous below with the anterior crest 
of the bone. At the lower end of the bone, the 
medial malleolus (Fig. 3-44) forms a broad 
prominence, situated at a higher level and 
somewhat farther forward than the lateral 
malleolus of the fibula (Fig. 3-44). The only 
subcutaneous parts of the fibula are the 
head, the lower part of the body, and the lat- 
eral malleolus. The lateral malleolus is a 
narrow elongated prominence, from which 
the lower third or half of the lateral surface 
of the body of the bone can be traced up- 
ward (Fig. 3-44). 

It is difficult to distinguish the individual 
tarsal bones on the dorsum of the foot by 
palpation alone. An exception is the head of 
the talus, which forms a rounded projection 
in front of the ankle joint when the foot is 
forcibly extended. The whole dorsal surface 
of the foot has a smooth convex outline, the 


summit of which is the ridge formed by the 
head of the talus, the navicular, the interme- 
diate cuneiform, and the second metatarsal 
bone. On the medial side of the foot the me- 
dial process of the tuberosity of the calca- 
neus and the ridge separating the posterior 
from the medial surface of the bone are dis- 
tinguishable; in front of this, and below the 
medial malleolus, is the sustentaculum tali. 
The tuberosity of the navicular is palpable 
about 2.5 to 3cm in front of the medial mal- 
leolus. 

Farther forward, the ridge formed by the 
base of the short and thick first metatarsal 
bone can be felt. The head of the first meta- 
tarsal is large, and its prominence on the 
plantar aspect of the foot is called the ball of 
the large toe. Beneath the base of the first 
phalanx is the medial sesamoid bone. On the 
lateral side of the foot, in the region of the 
heel, the most posterior bony point is the lat- 
eral process of the tuberosity of the calca- 
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Fic. 3-43. Cross section, viewed from above, through the middle of the right thigh. Observe the sciatic nerve coursing 


along the posterior surface of the adductor magnus muscle. 
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Fic. 3-44. Cross section, viewed from above, through the right thigh 4 cm proximal to the adductor tubercle of the 
femur. Note that the neurovascular structures have entered the proximal part of the popliteal fossa. 
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Fic. 3-45. Right side of lower limbs to show surface 
contours of muscles and bones. 


neus. In front of this the greater part of the 
lateral surface of the calcaneus is subcutane- 
ous. Farther forward the base, body, and 
head of the fifth metatarsal bone are promi- 
nent. 

The dorsal surfaces of the metatarsal 
bones are easily defined: the plantar surfaces 
are obscured by muscles. The phalanges in 
their whole extent are readily palpable. 

ARTICULATIONS. The hip joint is deeply 
seated and cannot be palpated. The interval 
between the tibia and femur can always be 
felt; if the knee joint is extended this interval 
lies at a higher level than the apex of the 
patella, but if the leg is slightly flexed it lies 
directly behind the apex. 

The ankle joint can be felt on either side 
of the extensor tendons, and during plantar 
flexion of the foot, the superior articular sur- 


face of the talus is palpable below the ante- 
rior border of the lower end of the tibia. 

musc_Les (Figs. 3-41 to 3-45). The promi- 
nent muscles on the anterior aspect of the 
thigh are the quadriceps femoris and the 
sartorius, while laterally the tensor fasciae 
latae attaches to a broad tendon, the iliotib- 
ial band, which extends downward to the 
knee joint. At the medial side of the thigh are 
the adductors, and on the posterior thigh are 
the three hamstrings, medially the semi- 
membranosus and semitendinosus and lat- 
erally the biceps femoris. Above the thigh, 
the prominence of the buttock is caused 
mostly by the gluteus maximus. 

Below the knee joint, the contour of the 
calf on the back of the leg is due to the gas- 
trocnemius and soleus muscles, which term- 
inate at the heel in the tendon of Achilles or 
tendo calcaneus (Figs. 3-46 to 3-48). Lateral 
to the anterior border of the tibia (or shin 
bone), the tibialis anterior and the peroneus 
longus and brevis can usually be recognized 
(Figs. 3-46, 3-47). 

The femoral triangle (Fig. 3-44) is bounded 
above by the inguinal ligament, laterally by 
the medial border of the sartorius muscle, 
and medially by the medial border of the 
adductor longus. A large superficial vein of 
the lower limb, the great saphenous vein, 
penetrates this triangle by way of the hiatus 
saphenus to join the femoral vein. The cen- 
ter of this hiatus is about 4cm below and 
lateral to the pubic tubercle; its vertical di- 
ameter measures about 4cm and its trans- 
verse about 1.5cm. Medial to the femoral 
vein is the femoral ring. This ring is about 
1.25 cm lateral to the pubic tubercle, and it is 
the oval-shaped cranial aperture of the fem- 
oral canal through which femoral hernias 
may occur. This type of hernia is about three 
times more frequent in females than in 
males. 

Midway down the medial aspect of the 
thigh is located the adductor canal. This 
canal begins at the apex of the femoral tri- 
angle and lies deep to the vertical part of the 
sartorius muscle; for this reason, it is also 
sometimes called the subsartorial canal. 
Through the adductor canal passes the fem- 
oral artery in order to achieve the back of 
the knee in the popliteal fossa (Fig. 3-42). 
This important fossa is bounded above by 
the medial and lateral hamstrings, and 
below by the medial and lateral heads of the 
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Fic. 3-46. Cross section, viewed from above, through the right leg, 9cm. distal to the knee joint. Observe the 
relationship of the tibial nerve with the posterior tibial artery and the deep peroneal nerve with the anterior tibial 


artery. Note also the superficial peroneal nerve in the lateral compartment. 
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Fic. 3-47. Cross section, viewed from above, through the right leg, 6 cm. proximal to the tip of the medial malleolus 
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Fic. 3-48. Right side of leg to show surface contours of muscles and bones. 


gastrocnemius muscle. In this fossa the pop- 
liteal artery and sciatic nerve are covered 
only by subcutaneous tissue and fat, and 
through it the small saphenous vein joins the 
popliteal vein. 

ARTERIES. The femoral artery enters the 
anterior thigh midway between the anterior 
superior iliac spine and the pubic tubercle, 
just below the inguinal ligament. Its pulsa- 
tions can be felt at this point, but they be- 
come increasingly difficult to detect as the 
artery courses inferiorly toward and into the 
adductor canal. When the leg is flexed at the 
knee joint, the pulsation of the popliteal ar- 
tery, which is the continuation of the femo- 
ral artery, can easily be detected in the pop- 
liteal fossa behind the joint. 

On the lower part of the front of the tibia, 
the anterior tibial artery becomes superficial 
(Fig. 3-47) and can be traced over the ankle 


joint into the dorsal foot as the dorsalis 
pedis artery. This latter vessel can be fol- 
lowed to the proximal end of the first inter- 
metatarsal space. On the back of the leg, the 
pulsation of the posterior tibial artery be- 
comes detectable near the lower end of the 
tibia, and is easily felt behind the medial 
malleolus. 

VEINS. By compressing the proximal 
trunks, the venous arch on the dorsum of the 
foot, together with the great and small sa- 
phenous veins leading from it, is rendered 
visible. 

NERVES. The only nerve of the lower limb 
that can be located by palpation is the com- 
mon peroneal as it winds around the lateral 
side of the neck of the fibula. Because of its 
subcutaneous location and its position adja- 
cent to bone, this nerve is quite vulnerable to 
injury at this site. 
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Osteology 


The studv of bones is called osteology. 
Bones provide a framework for the body, 
and when assembled in their proper posi- 
tion, they form the skeleton (Fig. 4-1). In the 
living body, bones are frequently held in 
position by strong fibrous bands, the liga- 
ments, which form articulations or joints. 
Attached to bones across the joints are most 
of the muscles of the body, and muscular 
contraction results in the movement of 
bones and their associated body parts. In 
addition to providing internal support for 
the body, the skeleton protects the vital or- 
gans of the head and chest by forming the 
cranial and thoracic cavities. Because of its 
large mineral content, bone is a hard un- 
yielding tissue and is ideally suited for the 
mechanical functions of support, protection, 
and movement. In life it is also a dynamic 
substance and is importantly involved with 
other tissues and organs in the metabolism 
of calcium. The interior of bones contains 
the bone marrow, which consists of the 
blood-forming, hemopoietic tissue. 

In the skeleton of the adult there are 206 
distinct bones, as follows: 


Vertebral column... . 26 
Axial Ghul | eee ee 28 
Skeleton Hyoid bone ........ 1 
Ribs and sternum ... 25 
~~ BO 
Appendicular Upper extremities .. . 64 
Skeleton Lower extremities ... 62 
er 126 
ic cet...) ... ae 206 


The patellae are included in this enumera- 
tion, but the smaller sesamoid bones are not: 
also, the sternum is considered as one bone. 
Bones can be classified into four general 
types according to their shape and form. 
Long bones, such as the humerus and femur, 
are found in the limbs (Fig. 4-1), whereas 
short bones, such as those in the hand and 
foot, are more compact and subjected to 
more limited movement. Other bones, illus- 
trated by the parietal bones of the skull or 
the scapulae (Fig. 4-1), are flat bones, while 
irregular bones form the vertebral column 
(Fig. 4-1), as well as other structures. 


Ossification and Skeletal 
Development 


The skeleton, like some other structures, is 
derived from mesoderm, which migrates 
from the primitive streak during the forma- 
tion of the three primary germ layers. Its 
cells multiply, undergo certain changes, 
move into appropriate regions, and form cel- 
lular aggregates or sheets which can be rec- 
ognized as the membranous skeleton. The 
cells of these primordia, except in certain 
parts of the cranium, soon elaborate an in- 
tercellular substance that converts the tissue 
into cartilage. After the cartilaginous skele- 
ton is well established, centers of ossifica- 
tion appear which gradually spread to form 
the bony skeleton. In some of the cranial 
bones ossification centers arise in the mem- 
branous skeleton without the intervention of 
cartilage. 


OSSIFICATION 


The term ossification refers to the forma- 
tion of bone. In the development of certain 
bones, such as those forming the roof and 
sides of the skull, bone formation occurs di- 
rectly within clusters of primitive mesen- 
chyme cells surrounded by a more definitive 
connective tissue membrane. In other bones, 
such as those in the limbs, the formation of 
bone occurs within rods of pre-existing car- 
tilage. Hence, two forms of ossification are 
described: intramembranous and endochon- 
dral. The latter type is sometimes called 
intracartilaginous. 

INTRAMEMBRANOUS OSSIFICATION. In the 
case of bones that are developed in mem- 
brane, no cartilaginous mold precedes the 
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Fic. 4-1. The skeleton as projected on the surface of the body. Ventral and dorsal views. (From Eycleshymer and 
Jones.) 
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appearance of bony tissue. The connective 
tissue membrane, which surrounds the cen- 
ters of ossification, persists and ultimately 
forms the periosteum; it is composed of fi- 
bers and granular cells in a matrix. The pe- 
ripheral portion is more fibrous, while in the 
interior the primitive mesenchymal cells dif- 
ferentiate into osteoblasts; the whole tissue 
is richly supplied with blood vessels. At the 
outset of the process of bone formation, a lit- 
tle network of eosinophilic extracellular 
spicules is noticed forming between the 
branching vascular elements. At their growth 
points, these rays consist of a network of 
fine clear fibers and osteoblast cells with an 
intervening ground substance. The fibers are 
termed osteogenic fibers, and are made up of 
fine collagen fibrils differing little from those 
of other connective tissue. The membrane 
soon assumes a dark and granular appear- 
ance from the deposition of calcium-con- 
taining crystals (hydroxyapatite) in the fi- 
bers and in the intervening matrix. As the 
bony trabeculae enlarge, some of the osteo- 
blasts become surrounded by the newly de- 
posited calcified material. With the deposi- 
tion of mineral salts, the newly formed 
osteoid tissue again assumes a more trans- 
parent appearance, and the fibrils are no 
longer so distinctly seen. The involved oste- 
oblasts form the corpuscles of the future 
bone, the spaces in which they are enclosed 
constituting the lacunae. As the osteogenic 
fibers grow toward the periphery, they con- 
tinue to ossify and give rise to fresh bone 
spicules. Thus a network of woven bone is 
formed, the meshes of which contain blood 
vessels and a delicate connective tissue 
crowded with osteoblasts. The bony trabec- 
ulae thicken by the addition of fresh layers 
of bone formed by the osteoblasts on their 
surface. Subsequently, successive layers of 
bony tissue are deposited under the perios- 
teum and around the larger vascular chan- 
nels, which become the Haversian canals as 
the bone increases in thickness. The entrap- 
ped osteoblasts of developing bone become 
the osteocytes of mature bone, and these 
cells may well be importantly involved in 
the release of calcium from bone to blood. 

ENDOCHONDRAL OSSIFICATION.  OQossifica- 
tion in long bones of the extremities, in por- 
tions of the basal bones of the skull, and in 
the vertebrae, the sternum, the ribs, and the 
pelvis occurs in masses of pre-existing de- 
veloped hyaline cartilage, which present a 


model form of the fully ossified bone. In a 
long bone, which may be taken as an exam- 
ple (Fig. 4-2), the process commences in the 
center of the diaphysis, or shaft, and pro- 
ceeds toward the extremities, called the 
epiphyses, which for some time remain Car- 
tilaginous. Subsequently a similar ossifica- 
tion process commences in one or more sites 
of the epiphyses and gradually extends 
through them. The epiphyses do not, how- 
ever, become joined to the shaft of the bone 
by bony tissue until growth has ceased; be- 
tween the diaphysis and either epiphysis a 
layer of cartilaginous tissue termed the epi- 
physeal cartilage persists for a definite pe- 
riod. 

The first stage in the ossification of carti- 
lage takes place at the center of ossification, 
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Fic. 4-2. Photograph of the upper half of the tibia of 
young girl, showing the proximal bony epiphysis, the 
cartilaginous epiphyseal plate, and the shaft or diaphy- 
sis. (From Bloom and Fawcett, A Textbook of Histology, 
W. B. Saunders Co., 1975.) 
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where cartilage cells enlarge and arrange 
themselves in rows (Fig. 4-3). The matrix in 







which they are embedded increases in quan- _—_Epiphyseal 
, cartilage 
tity, so that the cells become separated from 
each other. Deposits of calcium-containing eechondnum: ae BEN EOP 
’ : ’ O92 OR ielany 

crystals now accumulate in this matrix, be- ney Sis guichewee 

: PF ya 6° 5 y) 
tween the rows of cells, so that the cartilage i Be Pincte thane 
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cells become separated from each other by Lies dome 
longitudinal columns of calcified matrix WE MARA LE 
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which appear granular and opaque. At some LSS 


sites the matrix between two cartilage cells 
of the same row also becomes calcified, and 
transverse bars of calcified substance stretch 
across from one calcified column to another. 
Thus, there are longitudinal groups of carti- 
lage cells enclosed in oblong cavities, the 
walls of which consist of calcified matrix 
and effectively cut off all nutrition from the 
cells. In consequence, the cells atrophy, 
leaving spaces called the primary areolae. 
At the same time that this process occurs 
in the center of the solid bar of cartilage, cer- 
tain changes are taking place on its surface. 
This is covered by a highly vascular mem- 
brane, the perichondrium, entirely similar to 
the embryonic connective tissue already 
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described as constituting the basis of mem- 
brane bone. On its inner surface, that is, on 
the surface in contact with the cartilage, are 
gathered rows of osteoblasts. These cells 
form a thin layer of bony tissue, called a per- 
iosteal bone collar, between the perichond- 
rium and the cartilage by the intramembra- 
nous mode of ossification already described. 
There are, then, in this first ossification stage 
of cartilaginous bone, two processes going 
on simultaneously: in the center of the carti- 
lage, the formation of a number of oblong 
spaces, surrounded by calcified matrix and 
containing the withered cartilage cells, and 
on the surface of the cartilage, the formation 
of a laver of true membranous bone. 

The second stage of intracartilaginous os- 
sification (Fig. 4-3) occurs when blood ves- 
sels perforate the periosteal bone collar to 
invade the deeper osteogenic regions of the 
cartilage. Additionally, osteoclasts, or bone 
destroyers, make their appearance. These 
giant cells seem associated with the absorp- 
tion of osteogenic matrix, possibly by their 
secretion of hydrolytic enzymes. Osteoclasts 
can be observed occupying minute cham- 
bers called Howship’s lacunae, which. by 
erosion, they may have created themselves 
on the bone surface. There is evidence that 
osteoclasts are derived from the fusion of 
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Fic. 4-3. Osteogenesis. Subperiosteal stage of ossifica- 
tion in an embryonic long bone. 20 X. (Redrawn from 
Sobotta.) 


mononuclear osteogenic cells, yet some may 
come from mononuclear cells in the blood 
such as monocytes. Regardless of their ori- 
gin, as they come into contact with the calci- 
fied walls of the primary areolae, osteoclasts 


118 


cause a fusion of the original cavities, which 
creates larger spaces termed the secondary 
areolae or medullary spaces. These second- 
ary spaces become filled with embryonic 
marrow, osteoblasts, and vessels, derived 
from the osteogenic layer of the periosteum 
(Fig. 4-4). 

Traced thus far has been the formation of 
enlarged medullary spaces, the perforated 
walls of which are still formed by calcified 
cartilage matrix, containing an embryonic 
marrow derived from the osteogenic layer of 
periosteum, and consisting of blood vessels 
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and osteoblasts. At this time the walls of 
these secondary areolae are of only incon- 
siderable thickness, but they become thick- 
ened by the deposition of layers of true bone 
on their surface. This process takes place in 
the following manner: some osteoblasts in 
the embryonic marrow, after undergoing 
rapid division, arrange themselves in an epi- 
thelioid manner on the surface of the wall of 
the space. This layer of osteoblasts forms a 
bony stratum, and thus the wall of the space 
becomes gradually covered with a layer of 
true osseous substance in which some of the 
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FiG. 4-4. Endochondral bone formation proceeding from the center of the shaft of a long bone toward one of the two 


extremities. 40 X. (Redrawn from Sobotta.) 


bone-forming cells are included as bone cor- 
puscles. The next step in the process consists 
in the removal of these primary bone spic- 
ules by the osteoclasts. One of these giant 
cells may be found lying in a Howship’s la- 
cuna at the free end of each spicule. The 
removal of the primary spicules goes on pari 
passu with the formation of permanent bone 
by the periosteum, and in this way the med- 
ullary cavity of the body of the bone is 
formed. 

Commencing in the center of the diaphy- 
sis of the cartilaginous bony model, this se- 
ries of changes gradually proceeds toward 
the extremities of the bone, so that in a spec- 
imen of ossifying bone all the aforemen- 
tioned changes may be seen at different sites, 
from true bone at the center of the shaft to 
hyaline cartilage at the extremities. 

While the ossification of the cartilaginous 
body is extending toward the articular ends, 
the cartilage immediately in advance of the 
osseous tissue continues to grow until the 
length of the adult bone is reached. 

During the period of growth the articular 
end, or epiphysis, remains for some time en- 
tirely cartilaginous, then a bony center ap- 
pears within it, initiating at this site, as well, 
the process of intracartilaginous ossificalion. 
This is a secondary center of ossification. 
The epiphysis remains distinct from the os- 
sified diaphysis by a narrow cartilaginous 
zone called the epiphyseal plate. This, too, 
ultimately ossifies, and the histologic dis- 
tinction between diaphysis and epiphysis is 
obliterated, the bone assuming its completed 
form and shape. Similar events also occur in 
bony processes that ossify separately, such 
as the trochanters of the femur. The bones 
continue to grow until the body has acquired 
its full stature, increasing in length by ossifi- 
cation toward the epiphyses and in circum- 
ference by the deposition of new bone from 
the deeper inner layer of the periosteum. At 
the same time bone resorption takes place 
from within, thereby enlarging the medul- 
lary marrow Cavities. A review of the stages 
in the development of a typical long bone is 
presented in the diagrams of Figure 4-5. 

Permanent bone, when first formed by the 
periosteum, is spongy or Gancellous in struc- 
ture. Later, as osteoblasts contained in its 
spaces become arranged in the concentric 
layers characteristic of the Haversian sys- 
tems, the bone assumes the more solid struc- 
ture of compact bone. 
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The number of ossilication centers varies 
in different bones. In most of the short 
bones, ossification commences al a single 
central site, and proceeds toward the sur- 
faces. In long bones there is a central point 
of ossification for the shaft or diaphysis, and 
one or more for each extremity, or epiphy- 
sis. That for the diaphysis is the first to ap- 
pear. The times of union of the epiphyses 
with the diaphysis vary inversely with the 
dates al which their ossifications began 
(with the exception of the libula). This proc- 
ess also influences the direction of growth of 
the nutrient arteries of the bones. Thus, the 
nutrient arteries of the bones of the arm and 
forearm are directed toward the elbow, 
since the epiphyses at this joint become 
united to the diaphyses before those at the 
opposite extremities at the shoulder and 
wrist. In the lower limb, on the other hand, 
the nutrient arteries are directed away from 
the knee: that is, upward in the femur and 
downward in the tibia and fibula. In these 
bones it is observed that the upper epiphysis 
of the femur, and the lower epiphyses of the 
tibia and fibula unite first with the diaphyses. 
Where there is only one epiphysis, the nutri- 
ent arlery is directed toward the opposite 
end of the bone; for example, toward the 
acromial end of the clavicle, toward the dis- 
tal ends of the metacarpal bone ol the thumb 
and the metatarsal bone of the greal toe, and 
toward the proximal ends of the other meta- 
carpal and metalarsal bones. 


SKELETAL DEVELOPMENT 


VERTEBRAL COLUMN. ‘The central axis of 
the embryo around which the vertebrae de- 
velop is the notochord. This rod of cells lies 
in the median line between the neural tube 
and the primitive gut, extending from the 
level of the midbrain to the end of the tail. 
The somiles in the paraxial mesoderm on 
either side of the neural tube give rise to 
three primordia, the sclerotome, myotome, 
and dermotome. The cells of the sclerotoine 
eventually Torm the vertebrae, as well as 
other structures. During the fourth embryonic 
week these cells mulliply rapidly and mi- 
grate toward the notochord, forming a mcs- 
enchymal layer on either side. The segmen- 
tal primordia of the individual vertebrae are 
still recognizable, but soon cach sclerotome 
differentiates into a densely arranged cau- 
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Fic. 4-5. Diagram of the development of a typical long bone as shown in longitudinal sections (A to J) and in cross 
sections A’, B’, C’, and D’ through the centers of A, B, C, and D. Pale blne, cartilage: purple, calcified cartilage; black, 
bone; red, arteries. A, Cartilage model. B, Periosteal bone collar appears before any calcification of cartilage. C, 
Cartilage begins to calcify. D, Vascular mesenchyme enters the calcified cartilage matrix and divides it into two zones 
of ossification, FE. F, Blood vessels and mesenchyme enter upper epiphyseal cartilage and the epiphyseal ossification 
center develops in it, G. A similar ossification center develops in the lower epiphyseal cartilage, H. As the bone ceases 
to grow in length, the lower epiphyseal plate disappears first, [, and then the upper epiphyseal plate, J. The bone 
marrow cavity then becomes continuous throughout the length of the bone, and the blood vessels of the diaphysis, 


metaphyses, and epiphyses intercommunicate. (From Bloom and Fawcett, A Textbook of Histology, W. B. Saunders 
Co., 1975). 
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Fig. 4-6. Diagrams showing the manner in which each vertebral centrum is developed from portions of two adjacent 
somites or body segments. A, The segmental structure of the sclerotome differentiates into a more dense caudal portion 
and a more loosely arranged cranial portion around the notochord. B, The lateral and somewhat cranial migration of 
some of the densely arranged cells forms a costal process laterally and the primordium of the intervertebral disc 
cranially as seen in C. C, Note the disc formed by densely arranged cells and the centrum of the vertebrae formed by 


parts of two adjacent sclerotomes. 


dal portion and loosely arranged cranial 
portion (Fig. 4-6,A). The ventral portion of 
the densely arranged cells then migrates lat- 
erally and cranially (Fig. 4-6,B). Upon reach- 
ing the level of the center of their original 
somite, these cells spread back to the mid- 
line around the notochord. The dense por- 
tion becomes the future intervertebral disc, 
and the loosely arranged portion and the 
adjacent dense portion left in close juxtapo- 
sition combine to become the future verte- 
bral body or centrum (Fig. 4-6,C). Similarly, 
the dorsal portion of the sclerotome around 
the neural tube forms the future vertebral 
arch from its loosely arranged cells, and liga- 
ments from its dense portion. Since the pri- 
mordia of each vertebra come from two 
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sclerotomes, they are intersegmental in ori- 
gin, in contrast to the intervertebral discs, 
which are segmentally derived. The most 
ventral extension of the sclerotome forms 
the future costal process from its looser por- 
tion and ligaments from the dense portion 
(Figs. 4-6,B and C: 4-7,A). 

This mesenchymal stage is succeeded by 
that of the cartilaginous vertebral column 
(Fig. 4-7). In the sixth week two cartilaginous 
centers make their appearance, one on each 
side of the notochord; these extend around 
the notochord and form the body of the car- 
tilaginous vertebra. A second pair of carti- 
laginous foci appear more dorsally in the 
mesenchyme surrounding the neural tube to 
form the cartilaginous vertebral arch, and a 
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Fic. 4-7. Diagrams illustrating the stages of vertebral development. A, Precartilaginous (mesenchymal) vertebra at 
five weeks. B, Chondrification centers in a mesenchymal vertebra alt six weeks. C, Primary ossification centers in a 
cartilaginous vertebra at seven weeks. (From Moore, K. L., The Developing Human, W. B. Saunders Co., 1973.) 
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separate cartilaginous center appears for 
each costal process. Somewhat after the sec- 
ond month the cartilaginous arch has fused 
with the body, and in the fourth month the 
two halves of the arch are joined on the dor- 
sal aspect of the neural tube. The spinous 
process develops from the junction of the 
two halves of the neural or vertebral arch. 
The transverse process grows out from the 
vertebral arch dorsal to the costal process. 

In the more cranial cervical vertebrae a 
band of mesodermal tissue connects verte- 
bral ends of the costal processes, spanning 
the ventral aspects of the centra and the in- 
tervertebral discs. This is termed the hypo- 
chordal bar or arch; in all except the first 
vertebra, it is transitory and disappears by 
fusing with the discs. In the atlas, however, 
the entire bar persists and undergoes 
chondrification; it develops into the ventral 
arch of the atlas, while the cartilage repre- 
senting the body of that bone forms the dens 
or odontoid process, which then fuses with 
the body of the second cervical vertebra, the 
axis. 

The portions of the notochord that are sur- 
rounded by the bodies of the vertebrae atro- 
phy, and ultimately disappear, while those 
that lie in the centers of the intervertebral 
discs undergo enlargement, and _ persist 
throughout life as part of the central nucleus 
pulposus of the discs. 

THE RIBS. The ribs are formed from the 
ventral or costal processes of the primitive 
vertebrae which extend between the muscle 
plates (Fig. 4-6.B and C). In the thoracic re- 
gion of the vertebral column the costal proc- 
esses grow lateralward to form a series of 
precartilaginous arches, the primitive costal 
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arches. As already described, the transverse 
process grows out dorsal to the vertebral end 
of each arch. Initially the transverse process 
is connected to the costal process by contin- 
uous mesoderm, but the interconnecting 
mesoderm cells become differentiated later 
to form the costotransverse ligament. Be- 
tween the costal process and the lateral tip 
of the transverse process, the costotransverse 
joint is formed by absorption. The costal 
process becomes separated from the verte- 
bral centrum by the development of the 
costocentral joint. In the cervical vertebrae 
(Fig. 4-8) the transverse process forms the 
posterior boundary of the foramen trans- 
versarium, while the costal process, corre- 
sponding to the head and neck of a thoracic 
rib, fuses with the body of the vertebra and 
forms the anterolateral boundary of the fo- 
ramen. The distal portions of the primitive 
costal arches remain undeveloped. Occa- 
sionally the arch of the seventh cervical ver- 
tebra undergoes greater development, form- 
ing an accessory cervical rib complete with 
costovertebral joints. A cervical rib (which 
may even be bilateral) may compress the 
trunks of the brachial plexus and the subcla- 
vian vessels, resulting in symptoms in the 
upper extremity. In the lumbar region (Fig. 
4-8) the distal portions of the primitive costal 
arches fail to develop, while the proximal 
portions fuse with the true transverse proc- 
esses to form the “transverse processes’ of 
descriptive anatomy. Occasionally movable 
ribs may develop in connection with the first 
lumbar vertebra. In the sacral region costal 
processes are developed only in connection 
with the upper three or four vertebrae; the 
processes of adjacent sacral segments fuse 
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Fig. 4-8. Diagrams showing the portions of the adult vertebrae derived respectively from the bodies (yellow), verte- 
bral arches (red), and costal processes (blue) of the embryonic vertebrae. 


with one another to form the lateral masses 
of the sacrum. The coccygeal vertebrae are 
devoid of costal processes. 

THE STERNUM. The sternum arises from a 
pair of mesenchymal bands in the ventrolat- 
eral body wall. Although the sternum devel- 
ops separately from the ribs, on each side the 
ventral ends of the upper six or seven ribs 
become joined to these longitudinal bars of 
mesenchyme, which by this time are called 
sternal plates. These plates become cartilag- 
inous and migrate ventrally toward the mid- 
line. The sternal plates of the two sides then 
fuse in a craniocaudal direction in the mid- 
line to form the manubrium and body of the 
sternum. The xiphoid process is formed by a 
caudal extension of the sternal plates. 

THE SKULL. The bones of the skull, like 
those elsewhere in the body, are derived 
from mesenchyme. The cranial vault grows 
around the developing brain and is therefore 
referred to as the neurocranium. Addition- 
ally, other bones in the head are derived 
from the branchial arches and the term 
viscerocranium is applied to these. 

The mesenchymal membranes that form 
the neurocranium in some regions become 
transformed into bone by endochondral os- 
sification and in other sites by way of intra- 
membranous ossification. Thus, reference is 
frequently made to the cartilaginous neuro- 
cranium or chondrocranium, which includes 
the bones at the base of the skull, and the 
membranous neurocranium, which includes 
certain flat bones of the skull. 

The first observable indications of the 
developing skull are found in the basal oc- 
cipital and basal sphenoid regions and 
around the auditory vesicles. Condensation 
of the primordial mesodermal cells from 
which the skull will be formed gradually 
extends from these basal areas completely 
around the brain until the latter becomes 
enclosed by a membranous cranium, also 
called the blastemal skull or desmocranium. 
The membranous cranium is incomplete in 
the regions where large nerves and vessels 
pass into or out of the cranium. 

Cartilaginous Neurocranium. Before the 
membranous cranium is even complete, 
chondrification begins to show in the basilar 
part of the developing occipital bone 
(basioccipital). It should be appreciated that 
chondrification centers develop in relation 
to the notochord, which extends into the 
developing cranium from spinal levels (Fig. 
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Fic. 4-9. Sagittal section through the cephalic end of 
the developing skeleton showing that the notochord ex- 
tends cranially as high as the basisphenoid. Note that 
above the atlas the rostral and caudal parts of the noto- 
chord become surrounded by the parachordal cartilage, 
while its middle portion lies between the parachordal 
cartilage and the wall of the pharynx. (From Gaupp.) 


4-9). Two centers appear, one on each side of 
the notochord near its entrance into the con- 
densed mesoderm of the occipital blastema. 
Chondrification gradually spreads from 
these centers—medially around the noto- 
chord (parachordal cartilages), laterally 
about the roots of the hypoglossal nerve, and 
cranialward to unite with the spreading car- 
tilaginous center of the developing basal 
sphenoid bone (hypophyseal cartilages). 
This process forms an elongated basal plate 
of cartilage extending from the foramen 
magnum caudally to the cranial end of the 
sphenoid. It continues into the blastema of 
the ethmoid region, which later also be- 
comes chondrified (trabeculae cranii). Other 
smaller cartilages lateral to the hypophyseal 
cartilages unite with the main continuous 
cartilaginous mass. The ala orbitalis (orbito- 
sphenoid) forms the lesser wing of the sphe- 
noid bone, and the ala temporalis (ali- 
sphenoid) forms the greater wing of the 
sphenoid bone (Fig. 4-10). When the auditory 
capsules begin to chondrify, they are quite 
widely separated from the basal plate. By 
the time the embryo is 20 mm in length the 
cochlear portion of the auditory or otic cap- 
sule (periotic capsule) is fused to the wid- 
ened basal plate, and the jugular foramen 
has become separated from the foramen 
lacerum (Fig. 4-11). From the lateral region 
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FiG. 4-10. Diagram showing the different components 
that play a role in the formation of the base of the skull 
or chondrocranium. (From Langman, Williams and Wil- 
kins, 1975.) 


of the occipital cartilage a broad thin plate 
of cartilage (tectum posterius or nuchal 
plate) extends around the caudal region of 
the brain in a complete ring (Fig. 4-12), form- 
ing the primitive foramen magnum. The 
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complete chondrocranium or cartilaginous 
neurocranium is shown in Figure 4-12. 
Although the chondrocranium forms only 
a small part of the future ossified skull, it 
does give rise to most of the base of the skull. 
Ossification centers then develop in the car- 
tilage and give rise to all of the occipital 
bone (except the upper part of its squama), 
to the petrous and mastoid portions of the 
temporal bone, to the sphenoid bone (except 
its medial pterygoid plates and part of the 
temporal wings), and to the ethmoid bone. 
Membranous Neurocranium. The mem- 
branous neurocranium consists of those 
bones of the cranial vault and face which 
ossify directly in the mesoderm of the mem- 
branous cranium. They comprise the upper 
part of the squama of the occipital bone (in- 
terparietal), the sgquamae and tympanic parts 
of the temporal bones, the parietal bones, 
the frontal and vomer bones, the medial 
pterygoid plates of the sphenoid bone, and 
the bones of the face. Some membranous 
bones remain as distinct bones throughout 
life, e.g., parietal and frontal, while others 
join with bones of the chondrocranium, e.g., 
the squama of the occipital, squamae of 
temporals, and medial pterygoid plates. 
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Cartilaginous skull of 21-mm human embryo. Age of embryo is estimated to be six weeks. 
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Fig. 4-12. Model of the chondrocranium of ahumanembryo 8 cm long. [ts age might be estimated to be 11 weeks. The 
developing intramembranous bones are not shown. (From Gaupp.) 


Cartilaginous Viscerocranium (Figs. 4-13; 
4-14). Each developing branchial arch has a 
mesodermal core of mesenchyme covered 
by an ectodermal exterior and an ectoder- 
mal interior. In addition to musculature and 
blood vessels, the branchial mesoderm de- 
velops a skeletal primordium which subse- 
quently chondrifies (Fig. 4-13,A). The dorsal 
end of the cartilage of the first branchial 
arch (Meckel’s cartilage) forms the malleus 
and also probably the incus of the middle 
ear, while its intermediate portion forms the 
anterior malleolar and sphenomandibular 
ligaments (Fig. 4-13,B). The ventral portion 
of Meckel’s cartilage largely regresses and 
becomes surrounded by the mesenchyme of 
the mandible, which then develops by intra- 
membranous ossification. The cartilage of 
the second branchial arch is called Reichert’s 


cartilage. Its dorsal end, directed toward the 
developing ear, separates to form the stapes 
of the middle ear. Continuing ventrally it 
gives rise to the styloid process of the tempo- 
ral bone (Fig. 4-14), the stylomandibular liga- 
ment, and the lesser horn (and probably the 
upper part of the body) of the hyoid bone 
(Fig. 4-13,B). The cartilage of the third bran- 
chial arch gives rise to the greater horn and 
the lower part of the body of the hyoid bone. 
The cartilages of the fourth, fifth, and sixth 
branchial arches do not ossify but develop 
as the laryngeal cartilages (Fig. 4-13,B). 
Membranous Viscerocranium. The re- 
maining skeletal derivatives of the branchial 
arches develop by intramembranous ossifi- 
cation. From the maxillary process of the 
first branchial arch, intramembranous ossifi- 
cation of mesenchyme results in the forma- 
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Fic. 4-13. The developing branchial arch cartilage. A, Schematic lateral view of the head and neck region of a 
four-week embryo, illustrating the location of the hranchial arch cartilages. B, Similar view of a 24-week fetus 


illustrating the derivations of the branchial arch cartilages. (From Moore, K. L., The Developing Human, W. B. Saun- 
ders Co., 1973.) 


tion of the premaxilla, maxilla, and the Axial Skeleton 

squama and zygomatic process of the tem- 

poral bone. From the mandibular process of The axial skeleton consists of the verte- 
the first branchial arch, the mandible devel- bral column, its cranial extension, the skull, 
ops around the ventral portion of Meckel’s and the thoracic cage, comprised of the ster- 
cartilage by intramembranous ossification as = num and ribs, to which the vertebral column 
described (Fig. 4-14). The other branchial is articulated. In contrast, the term appen- 


arches do not develop bone by intramem- dicular skeleton relates to the bones of the 
branous ossification. extremities. This central osseous axis of the 
Optic foramen Small wing of sphenoid 









eee sa Great wing of sphenoid 


Canal for facial nerve 
Nasal 
capsule 












Tegmen tymp. Incus 


1 eet > oft ie i} 5 “oY i" ss 
r ry 2] ry + L pa otto, 
S x IDLE » ARSE oo, © Se aa sre age se ban i pms 
ept. NN i . AY none ||) 7 
ta » : Py v4 ae) \) fl | 
yd ‘ a . , . : age 


nasi 


Maxilla 


Vomer 


Palatine 
bone 


Mandible : 
Styloid process 


Meckel’s cart. \z0 &”™ Z Handle Cochlear window 
‘ >” 3 of 





| SOA Sh a malleus 
Cricoid cart zB i 


’ 3 


Canal for hypoglossal 
Thyroid cart nerve 


Fic. 4-14. Model of the chondrocranium of a human embryo, 8 cm in length. Viewed from the left side, this is the 


same model illustrated in Fig. 4-12. Note that certain of the membranous bones of the right side are shown in yellow. 
(From Gaupp.) 


body, although flexible in its structure, af- 
fords stability and support to the viscera of 
the head, trunk, and abdomen and allows for 
the effective locomotor functions of the ap- 
pended extremities. 


VERTEBRAL COLUMN 


The vertebral column or backbone 
(columna vertebralis; spinal column) (Fig. 
4-15) is formed by a series of bones called 
vertebrae. The 33 vertebrae are grouped 
under the names cervical, thoracic, lumbar, 
sacral, and coccygeal, according to the re- 
gions they occupy. There are seven in the 
cervical region, twelve in the thoracic, five 
in the lumbar, five in the sacral, and four in 
the coccygeal. 

The cervical, thoracic, and lumbar verte- 
brae remain distinct throughout life, and are 
known as true or movable vertebrae. Those 
of the sacral and coccygeal regions are 
termed false or fixed vertebrae, because they 
unite or fuse with one another to form two 
adult bones: five form the sacrum, and four 
form the terminal bone or coccyx. Between 
any two adjacent moveable vertebrae (ex- 
cept between the first and second cervical 
vertebrae) rests a tough, but elastic, fibrocar- 
tilaginous intervertebral disc.These interver- 
tebral cushions contribute to the stability of 
the spinal column because they are strongly 
bound to the vertebrae, yet they allow con- 
siderable movement between the adjoining 
bones. Furthermore, they allow the spinal 
column to absorb significant shocks such as 
those received in jumping from heights or 
from certain types of exercises and condI- 
tioning procedures. 

A typical vertebra consists of two essen- 
tial parts: a ventral segment, the body, and a 
dorsal part, the vertebral arch (arcus 
vertebralis; neural arch), which encloses the 
vertebral foramen. Since the bodies of the 
vertebrae are articulated by the interverte- 
bral discs, they form a strong pillar for the 
support of the head and trunk, and the verte- 
bral foramina form a longitudinal tube, the 
vertebral canal, which encloses the spinal 
cord. 


Vertebral Column as a Whole 


The average length of the vertebral col- 
umn in the male is about 71cm. Of this 
length the cervical part measures 12.5 cm, 
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Fic. 4-15. Lateral view of the vertebral column. Ob- 
serve the cervical, thoracic, lumbar, and pelvic curva- 
{ures. 


120 


the thoracic about 286m, the lumbur 18cm, 
and the sacrum and coccyx 12.5¢6¢m. The 


lemale coluinn averages about 61¢m— in 
length. 
curvatunes. A Juleral view (Pig. 4-15) 


ol the verlebral column presents several 
curves, which correspond will the different 
repions ol the column and are called cervi- 
Gil, thoracic, Inmbar, or pelvic. The cervi- 
cal curve, Convex ventrally, from the apex of 
the odontoid process of the axis to the mid- 
dle of the second thoracic vertebra, is the 
least marked of all the curves. The thoracic 
curve, coucuve veulrally, begins at the mid- 
He ol the second and ends at the middle of 
the twellth thoracic verlebra, Hs most proim- 
iIncul point dorsally corresponds lo the spi- 
nous process of the seventh thoracic verte- 
bra, Vhe lumbar curve is more marked in the 
Feanale thin in the male; it begins at the mid- 
dle ol the last thoracic vertebra and ends at 
lhe sacroverlebral angle. Ho ois convex ven- 
trally, the convexity of the more caudal 
three verlebrae bemp much greater than thal 
of the more cranial two. The pelvic curve 
beyins al the sacrovertebral articulation, and 
ends al the point of the coccyx; ils concavily 
is directed caudally aid ventrally. The tho- 
racic aud pelvic curves are tevined primary 
curves, because they alone are present dur- 
iy Telal tile, The cervical and luntbar are 
compensatory or secondary curves, and are 
developed alter birth, the Forminer when the 
child is able lo hold ap tts head (at three or 
four months) and to sit upright (at nine 
mouths), Ue lather when the child begins to 
walk (al twelve lo eighteen months). 


The vertobral colunin also has a slight lateral cur- 
vature, tho convexity of which is directed toward 
the night side in nghthanded people and toward the 
lait side in individuals who are left-handed. Because 
of the correlated handedness of the lateral curva- 
tina, itis thought by some to be produced by long- 
continued muscular action. Others, however, be- 
heave this curvature to be produced by the aortic arch 
and upper part of the descending thoracic aorta, a 
viow thatis supported by the fact that in cases where 
the viscera are transposed and the aorta is on the 
right side, the convexity of the curve is directed to 
the lelt sida. 


Surraces. Ventral Surface. Consistent 
wilh am increasing weight-bearing Tunchion 
from above dowuward, the width of the 
bodies of the verlebrae increases froin the 
secand cervical to the Tirst thoracic, dimin- 
shies slightly in the next three, them apain 


progressivcly increases from the fifth tho- 
racic verlebra as far as the saucrovertebral 
angle. From this point there is a rapid dimi- 
nition lo the apex of the coceyx. 

Dorsal Surface. ‘The median line of the 
dorsal surface of the vertebral column is 
occupied by the spinous processes. In the 
cervical region (with the exception of the 
second and seventh vertebrae), these are 
shorl and nearly horizontal, with bifid ex- 
tremitics. In the upper part of the thoracic 
region they are directed obliquely down- 
ward; in the mid-thoracic region they are 
almost vertical; and in the lower thoracic 
and lumbar regions they are nearly horizon- 
tal. The spinous processes are separated by 
considerable intervals in the lumbar region 
and by narrower intervals in the neck, but 
are closcly approximated in the middle of 
the thoracic region. Occasionally one of 
these processes deviates a little from the 
median line, a fact to be remembered in 
practice, as irregularities of this sort are at- 
tendant also in fractures or dislocations of 
the verlebral column. Important clinical 
landmarks are the protruding spinous proc- 
esses of the seventh cervical vertebra, which 
is called the vertebra prominens, and that of 
the first thoracic vertebra, which is virtually 
as prominent. With the upper extremity in 
the analomical position, the inferior angle of 
lhe scapula lies at the level of the seventh 
thoracic spinous process, while the superior 
border of the iliac crest lies al the plane of 
lhe spinous process of the fourth lumbar 
vertebra. 

Lateral to the spinous processes on both 
sides are longitudinal vertebral grooves con- 
laining the deep back muscles. In the cervi- 
cal and tumbar regions these grooves are 
shallow and they are formed by the laminae 
of the dorsal arches. In the thoracic region 
lhe grooves are deep and broad, and they are 
formed not only by the laminae but by the 
lransverse processes as well. Lateral to the 
laminae are the superior and inferior arlicu- 
lar processes, and still more Jaterally the 
lransverse processes. In the thoracte region, 
lhe lransverse processes are on u plane con- 
siderably dorsal to thal of the transverse 
processes in the cervical and lumbar regions. 
In the cervical region, the transverse proe- 
esses are placed ventral to the articular proe- 
esses, lateral to the pedicles, and between 
the intervertebral foramina. In the thoracic 
region they are dorsal to the pedicles, inter- 
vertebral foramina, and articular processes. 


In the lumbar region they are ventral to the 
articular processes, but dorsal to the inter- 
vertebral foramina. 

Lateral Surfaces (Fig. 4-15). The lateral 
surfaces are separated from the dorsal sur- 
face by the articular processes in the cervi- 
cal and lumbar regions, and by the trans- 
verse processes in the thoracic region. The 
ventrolateral aspect of the vertebral column 
is formed by the sides of the bodies of the 
vertebrae, marked in the thoracic region by 
the facets for articulation with the heads of 
the ribs. More dorsally the intervertebral 
foramina are formed by the juxtaposition of 
the vertebral notches. These foramina are 
oval in shape, smallest in the cervical and 
cranial part of the thoracic regions, and 
gradually increase in size to the last lumbar 
vertebra. They transmit the spinal nerves 
and vessels and are situated between the 
transverse processes in the cervical region, 
and ventral to them in the thoracic and lum- 
bar regions. 

VERTEBRAL CANAL. The vertebral canal, 
which contains the spinal cord, follows the 
different curves of the column; it is large and 
triangular in those parts of the column that 
enjoy the greatest freedom of movement, 
such as the cervical and lumbar regions; it is 
small and rounded in the thoracic region, 
where motion is more limited. 


General Characteristics of a Vertebra 


With the exception of the first and second 
cervical, the true or movable vertebrae have 
in common certain characteristics that may 
be studied in a typical vertebra from the 
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middle of the thoracic region (Fig. 4-16). 
Characteristically a mid-thoracic vertebra 
consists of a body or centrum on its anterior 
aspect and a vertebral arch on its posterior 
aspect surrounding the vertebral foramen, 
within which lies the spinal cord. The verte- 
bral arch is formed by two pedicles, which 
attach to the vertebral body, and a roof, 
formed by two laminae between which pro- 
jects the spinous process dorsally. Addition- 
ally, two superior and two inferior interver- 
tebral articular processes stud the pedicles 
and, dorsolaterally, project the transverse 
processes which, in the thoracic region, af- 
ford attachments on each side for the ribs, as 
do the costal fovea on the vertebral body. 

The body (corpus vertebra; centrum) is the 
largest part of a vertebra, and is nearly cylin- 
drical in shape. On its cranial and caudal 
surfaces attach the intervertebral discs. 
These surfaces are rough in the central 
areas, but asmooth and slightly elevated rim 
forms their circumference. The surface com- 
pact bone ventrally presents a few small 
apertures for the passage of nutrient blood 
vessels. The dorsal surface, which faces the 
vertebral canal, has one or more large, irreg- 
ular apertures (foramen vasculare) for the 
passage of the basivertebral veins (Fig. 4-17). 

The vertebral arch (arcus_ vertebralis), 
which lies posterior to the vertebral body, 
consists of a pair of pedicles and a pair of 
laminae which together support seven proc- 
esses: four articular, two transverse, and one 
Spinous. 

The pedicles (pediculi arci vertebrae) are 
two short, thick processes that project dor- 
sally, one on either side, from the cranial 
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A typical thoracic vertebra, cranial] aspect. 
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Fic. 4-17. Sagittal section of a lumbar vertebra showing the foramen vasculare for the passage of the basivertebral 


vein. 


part of the vertebral body at the junction of 
its dorsal and lateral surfaces (Fig. 4-16). The 
pedicles are interposed between the trans- 
verse processes and the body. They are con- 
stricted in the middle, forming the concave 
superior and inferior vertebral notches 
which, when combined in two articulated 
adjacent vertebrae, form the intervertebral 
foramina. 

The laminae (laminae arci vertebrae) are 
two broad plates directed dorsally and me- 
dially from the pedicles (Fig. 4-16). They fuse 
at the midline to complete the dorsal part of 
the arch surrounding the vertebral foramen 
and they provide a base for the spinous 
process. Their superior borders and the cau- 
dal parts of their ventral surfaces are rough 
for the attachment of the ligamenta flava. 

processes. The transverse processes 
(processus transversi) project laterally on 
each side from the point where the laminae 
join the pedicles and between the superior 
and inferior articular processes (Fig. 4-16). 
They serve for the attachment of muscles 
and ligaments. 

The spinous process (processus spinosus) 
is directed dorsally from the junction of the 
laminae, and serves for the attachment of 
muscles and ligaments (Fig. 4-16). 

The articular processes (processus artic- 
ulares), two superior and two_ inferior, 
spring from the vertebral arch at the junc- 
tions of the pedicles and laminae. The supe- 
rior processes project cranially, but their ar- 
ticular surfaces are directed dorsally. The 
inferior processes are projected caudally 
and their articular surfaces face ventrally. 
The articular surfaces are coated with hya- 
line cartilage and, meeting with those of ad- 
joining vertebrae, form synovial joints. 


STRUCTURE OF A VERTEBRA (Fig. 4-17). The body 
is composed of cancellous or spongy bone, covered 
by a thin coating of compact bone, whereas the 
arches and processes have a thick covering of com- 
pact bone. The interior of the body ts traversed by 
one or two large canals for the basivertebral veins, 
which converge toward a single large, irregular ap- 
erture (foramen vasculare) at the dorsal part of the 
body. The thin bony lamellae of the cancellous tis- 
sue are more pronounced in lines perpendicular to 
the upper and lower surfaces and develop in re- 
sponse to greater pressure from this direction. The 
dorsal vertebral arch and the processes projecting 
from it have thick coverings of compact tissue. 


Cervical Vertebrae 


The cervical vertebrae (vertebrae cervi- 
cales; Figs. 4-12; 4-13) are the smallest of the 
true vertebrae, and can readily be distin- 
guished from those of the thoracic or lumbar 
regions by the presence of a foramen in each 
transverse process. The first, second, and 
seventh present exceptional features and 
will be described separately; the following 
characteristics are common to the remaining 
four. 

The body is small, oval, and broader trans- 
versely than dorsoventrally. The ventral and 
dorsal surfaces are flat and of equal height: 
the ventral surface is positioned at a slightly 
lower level than the dorsal and its inferior 
border is prolonged downward, overlap- 
ping the subjacent vertebra in the articulated 
column (Fig. 4-15). The cranial surface of the 
cervical vertebral body (Fig. 4-18) is concave 
transversely, and presents a projecting lip on 
each lateral aspect; the caudal surface is 
convex from side to side, and presents shal- 
low concavities laterally which receive the 
corresponding projecting lips of the subja- 
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Fic. 4-18. A typical cervical vertebra, cranial view. 


cent vertebra. The interlocking nature of the 
adjacent cervical vertebrae increases the sta- 
bility of the intervertebral joints. The pedi- 
cles are attached to the body midway be- 
tween its cranial and caudal surfaces, so that 
the superior vertebral notch is as deep as the 
inferior, yet at the same time it is narrower. 
The laminae are narrow and long, and the 
superior border is thinner than the inferior. 
The vertebral foramen is large and triangu- 
lar in shape, rather than round. The spinous 
process is short and bifid, the two projec- 
tions often being of unequal size (Fig. 4-18). 
The superior and inferior articular proc- 
esses are fused to form an articular pillar 
(Fig. 4-19), which is situated on the lateral 
aspect of the junction of the pedicle and 
lamina. The articular facets are flat and oval: 
the superior are directed dorsally, cranially, 
and slightly medially, while the inferior face 
ventrally, caudally, and slightly laterally. 
The transverse processes (Fig. 4-18) are 
each pierced by a foramen transversarium, 
which, in the first six vertebrae, transmits 
the vertebral artery and vein, accompanied 
by a plexus of sympathetic nerves. Each 
transverse process consists of a ventral anda 
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dorsal part. The portion ventral to the fora- 
men is the homologue of the rib, and is 
therefore named the costal process or costal 
element (see Fig. 4-8). It arises from the side 
of the vertebral body and ends as the ante- 
rior tubercle. The dorsal part may be consid- 
ered the “‘true” transverse process, homolo- 
gous to that seen in a thoracic vertebra. It 
springs from the vertebral arch dorsal to the 
foramen and is directed ventrally and later- 
ally, ending in a flattened vertical promi- 
nence, the posterior tubercle. The bar of 
bone joining the two portions of the trans- 
verse process lateral to the foramen exhibits 
a deep sulcus on its cranial surface for the 
passage of the corresponding spinal nerve 
(Fig. 4-19). The costal element of a cervical 
vertebra includes not only the portion that 
springs from the side of the vertebral body, 
but also the anterior and posterior tubercles 
and the bar of bone that connects them 
(Fig. 4-8). 

The first cervical vertebra (Fig. 4-20) is 
named the atlas after a Titan in Greek my- 
thology because it supports the globe of the 
head. Its chief peculiarity is that it has no 
vertebral body, and this is because during 
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Fic. 4-19. Side view of a typical cervical vertebra. 
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Fig. 4-20. First cervical vertebra, or atlas. 


development its centrum fused with that of 
the second vertebra to form an osseous 
pivot. the dens (odontoid process) of the 
axis. which projects superiorly through the 
atlas and around which the atlas turns. The 
dens is held in place by the transverse 
atlantal ligament (see Fig. 4-20). Its other 
peculiarities are that it has no spinous proc- 
ess, is ring-like, and consists of an anterior 
and a posterior arch and two lateral masses. 

The anterior arch forms about one-fifth of 
the ring; the center of its ventral surface 
presents the anterior tubercle for attachment 
of the anterior longitudinal ligament and the 
longus colli muscles. The dorsal or internal 
surface of the anterior arch is marked by a 
smooth, oval or circular facet (fovea dentis) 
for articulation with the dens of the axis. 
The cranial border gives attachment to the 
anterior atlanto-occipital membrane which 
stretches to the occipital bone: along the 
caudal border of the arch attaches the ante- 
rior atlantoaxial ligament which connects it 
with the axis. 

The posterior arch forms about two-fifths 
of the circumference of the ring (Fig. 4-20); it 
ends dorsally in the posterior tubercle, 
which is the rudiment of a spinous process 
and gives origin to the two recti capitis 
posteriores minores. The diminutive size of 
the spinous process obviates interference 
with the movements between the atlas and 
the skull. The cranial surface of the dorsal 
part of the arch presents a rounded edge for 
the attachment of the posterior atlanto- 
occipital membrane. Posterior to each lat- 
eral mass, the cranial surface of the posterior 
arch is marked by a groove (Sulcus arteriae 
vertebralis), which is sometimes converted 
into a foramen by a delicate bony spicule 


growing from the posterior end of the supe- 
rior articular process. It serves for the trans- 
mission of the vertebral artery, which, after 
ascending through the foramen in the trans- 
verse process, winds around the lateral mass 
in a dorsal and medial direction. Within the 
groove is also found the suboccipital (first 
spinal) nerve. Along the caudal surface of 
the posterior arch, dorsal to the articular fac- 
ets, are two shallow grooves, the inferior 
vertebral notches, which contribute to the 
formation of the intervertebral foramina 
through which pass the second cervical pair 
of spinal nerves. The inferior border gives 
attachment to the posterior atlantoaxial liga- 
ment. 

The lateral masses are the most bulky and 
solid parts of the atlas and support the 
weight of the head. Each has a superior and 
an inferior articular facet. The superior fac- 
ets are large, oval, and concave, and con- 
verge ventrally. They face cranialward, 
medialward, and dorsalward, each forming 
a cup for the corresponding condyle of the 
occipital bone. At times the superior facets 
are partially subdivided by indentations that 
encroach upon their margins. Just inferior to 
the medial margin of each superior facet is a 
small tubercle for the attachment of the 
transverse atlantal ligament, which stretches 
across the ring of the atlas and divides the 
vertebral foramen into two unequal parts 
(Fig. 4-20). The ventral or smaller part re- 
ceives the dens of the axis, the dorsal trans- 
mits the spinal cord and its membranes. This 
part of the vertebral canal is of considerable 
size, much greater than is required for the 
accommodation of the spinal cord, and 
hence lateral displacement of the atlas may 
occur as a result of trauma without compres- 


sion of the cord. The inferior articular facets 
are circular in form, flattened or slightly 
convex, and directed caudalward and me- 
dialward. They articulate with the axis. 
The transverse processes of the atlas project 
laterally from the lateral masses, and serve 
for the attachment of muscles that assist in 
rotating the head. They are long, their ante- 
rior and posterior tubercles are fused into a 
single mass, and the foramen transversarium 
is slanted dorsalward (Fig. 4-20). 

The second cervical vertebra (Figs. 4-21: 
4-22) is named the axis or epistropheus be- 
cause it forms the pivot upon which the first 
vertebra, carrying the head, rotates. The axis 
is the strongest and thickest of the cervical 
vertebrae. Its most distinctive characteristic 
is the cranial extension of the body into a 
strong, tooth-like bony process, the dens 
(odontoid process). The ventral surface of 
the body is marked by a median ridge for the 
attachment of the longus colli muscle and is 
prolonged inferiorly into a lip, which over- 
laps the third vertebra when articulated. 

The dens (Figs. 4-21; 4-22), which meas- 
ures 12 to 15mm in length, exhibits a slight 
constriction or neck where it joins the body. 
Within a shallow groove on the dorsal sur- 
face of the neck, which frequently extends 
onto its lateral surfaces, rests the transverse 
atlantal ligament. On its ventral surface is an 
oval or nearly circular facet for articulation 
with the facet on the anterior arch of the 
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atlas. The apex of the dens is pointed and 
gives attachment to the apical dental liga- 
ment. Near its junction with the vertebral 
body, the sides of the dens have rough im- 
pressions for the attachment of the alar liga- 
ments, which connect it to the occipital 
bone. The internal structure of the dens is 
more compact than that of the body. 

The pedicles are broad and strong, espe- 
cially ventrally, where they coalesce with 
the sides of the vertebral body and the root 
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of the dens. They are covered cranially by 
the superior articular surfaces. The laminae 
are thick and strong, and the vertebral fora- 
men is large, but smaller than that of the 
atlas. The small transverse processes end in 
a single tubercle, perforated by the foramen 
transversarium, which is oriented in an ob- 
liquely lateral direction. The superior artic- 
ular surfaces, which are oval, slightly con- 
vex, and directed cranially and laterally, are 
supported by the body. pedicles, and trans- 
verse processes. They articulate with the in- 
ferior articular facets of the atlas. The infe- 
rior articular surfaces are directed inferiorly 
and ventrally in a manner similar to that of 
the other cervical vertebrae (Fig. 4-22). The 
superior vertebral notches are shallow and 
lie dorsal to the superior articular processes; 
the inferior lie ventral to the inferior articu- 
lar processes, as in the other cervical verte- 
brae. The spinous process is large, strong, 
deeply channeled on its caudal surface. and 
presents a bifid, tuberculated extremity. 
The seventh cervical vertebra (Fig. 4-23) is 
distinguished by its characteristic long and 
prominent spinous process. This spine, 
along with that of the first thoracic vertebra, 
protrudes dorsally beyond the upper six cer- 
vical spines in the articulated skeleton, and 
since it is the most cranial spinous process 
that is palpable, it is a useful landmark in 
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identifying and counting the other spines. 
The seventh cervical vertebra is named, 
therefore, the vertebra prominens. Its spi- 
nous process is thiek, resembling that of a 
thoracie vertebra; it is nearly horizontal in 
direction, not bifurcated, and terminates in a 
tubercle to which the caudal end of the liga- 
mentum nuchae is attached. The transverse 
processes are of considerable size, their dor- 
sal components are large and prominent, 
their ventral, small and faintly marked. The 
ventral component is derived from the costal 
element or process (see Fig. 4-8) and may 
develop into an anomalous cervical rib. The 
foramen transversarium may be as large as 
that in the other cervical vertebrae, but more 
usually it is smaller on one or both sides; at 
times it is double and occasionally it is ab- 
sent. On the left side it may give passage to 
the vertebral artery. More frequently, how- 
ever, the vertebral vein traverses it on both 
sides. The usual arrangement is for both ar- 
tery and vein to pass ventral to the trans- 
verse process of the seventh cervical verte- 
bra and not through its foramen. 


Thoracic Vertebrae 


Tie thoracic vertebrae (vertebrae thoraci- 
cae; Fig. 4-24) are intermediate in size be- 
tween the cervical and lumbar, providing a 
gradual transition from the small cervical 
cranially to the large lumbar vertebrae cau- 
dally. This enlargement of successively 
more caudal vertebrae may be correlated 
with the increased weight-bearing require- 
ments of these lower spinal column bones. 
The thoracic vertebrae are distinguished by 
the presence of costal facets on the sides of 
their bodies for articulation with the heads 
of the ribs, and other articular facets on the 
transverse processes of the upper ten tho- 
racic vertebrae for articulation with the tu- 
bercles of the ribs. 

The bodies of vertebrae in the mid-tho- 
racie region are heart-shaped, and as broad 
anteroposteriorly as the transverse diameter. 
They are flat and slightly thicker dorsally. In 
fact the ventral length of a thoracic vertebral 
body measures as much as 2 mm less than its 
dorsal length, accounting for the thoracic 
curve of the spinal column (see Fig. 4-15). On 
the lateral aspect of each thoracic vertebral 
body are found two costal demifacets, one 
superior near the root of the pedicle, the 
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Fic. 4-24, A typical thoracic vertebra, right lateral view. 


other inferior, ventral to the inferior verte- 
bral notch. In life these articular surfaces are 
covered with cartilage, and when the verte- 
brae are articulated in sequence, each two 
adjacent demifacets form oval surfaces for 
the reception of the heads of the ribs. 

The pedicles (Fig. 4-24) are directed dor- 
sally and slightly cranialward from the 
transverse processes, and the inferior verte- 
bral notches are large and extend more 
deeply than in any other region of the verte- 
bral column. The laminae are broad, thick, 
and imbricated—that is to- say, they overlap 
those of subjacent vertebrae like tiles on a 
roof. The vertebral foramen is small and cir- 
cular, and accommodates the narrowed tho- 
racic spinal cord. The spinous processes are 
long, triangular in coronal section, directed 
obliquely caudalward, and end in tuber- 
culated extremities. The fifth to the eighth 
thoracic spines are more oblique and over- 
lapping than those of the upper and lower 
thoracic vertebrae. 

The superior articular processes (Fig. 
4-24) are thin plates of bone that project su- 
periorly from the junctions of the pedicles 
and laminae. Their articular facets are prac- 
tically flat, being directed dorsally and a lit- 
tle laterally. The inferior articular processes 
are fused to a considerable extent with the 
laminae, and project but slightly beyond the 
inferior borders of the laminae. Their facets 
are directed ventrally and a little medially 


and inferiorly to receive the superior articu- 
lar processes of subjacent vertebrae. The 
transverse processes arise on each side from 
the dorsal vertebral arch at the junction of 
the lamina and the pedicle. These processes 
are long, thick, and strong and are directed 
obliquely dorsally and laterally. Each trans- 
verse process ends in a clubbed extremity, 
on the ventral aspect of which is a small, 
concave surface for articulation with the 
tubercle of a rib (Fig. 4-24). 

The first, ninth, tenth, eleventh, and 
twelfth thoracic vertebrae present certain 
peculiarities, and will be considered sepa- 
rately (Fig. 4-25). 

The first thoracic vertebra has an entire 
articular facet for the head of the first rib 
and a demifacet for the cranial half of the 
head of the second rib, on each side of the 
vertebral body. Its centrum is broad trans- 
versely like that of a cervical vertebra, 
which emphasizes the transitional structure 
of the first thoracic vertebra. The superior 
articular surfaces are directed cranially and 
dorsally; the spinous process is thick, long, 
and almost horizontal. The transverse proc- 
esses are also long, and each contains an ar- 
ticular facet for the tubercles of the first ribs. 
The superior vertebral notches are deeper 
than those of the other thoracic vertebrae. 

The ninth thoracic vertebra, although 
otherwise the same as other thoracic verte- 
brae, may have no demifacets caudally on its 
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Fic. 4-25. Nontypical thoracic vertebrae. 


vertebral body (Fig. 4-25). In some instances, 
however, two demifacets have been found 
on each side of the vertebral centrum; when 
this occurs the tenth vertebral body has 
demifacets only on its cranial portion. 

The tenth thoracic vertebra has (except as 
just mentioned) a single entire articular facet 
on each side, which also extends partly onto 
the lateral surface of the pedicle (Fig. 4-25). 

The eleventh thoracic vertebra has a body 
that approaches the form and size of the 
lumbar vertebrae. The articular facets for 
the heads of the ribs are large and placed 
chiefly on the pedicles. The pedicles on the 


eleventh and twelfth thoracic vertebrae are 
the thickest and strongest of any in the tho- 
racic portion of the spinal column. The spi- 
nous process is short, and nearly horizontal 
in direction. The transverse processes are 
very short, tuberculated at their extremities, 
but have no costal articular facets, since the 
eleventh pair of ribs articulates only on the 
lateral aspect of the pedicles. 

The twelfth thoracic vertebra (Fig. 4-25) 
has a number of characteristics in common 
with the eleventh. It may, however, be dis- 
tinguished from it because (1) its inferior ar- 
ticular surfaces are convex and directed lat- 


erally, like those of the lumbar vertebrae, (2) 
in general form of the body, laminae, and 
spinous process, it resembles the lumbar 
vertebrae, and (3) each transverse process is 
subdivided into three elevations, the supe- 
rior, inferior, and lateral tubercles. The su- 
perior and inferior tubercles correspond to 
the mammillary and accessory processes of 
the lumbar vertebrae. Less marked but simi- 
lar elevations are identifiable on the trans- 
verse processes of the tenth and eleventh 
thoracic vertebrae. 


Lumbar Vertebrae 


The lumbar vertebrae (vertebrae lumbales; 
Figs. 4-26; 4-27) are the largest of the true or 
moveable vertebrae, a feature that allows 
them to be distinguished from other verte- 
brae. Additionally, lumbar vertebrae have 
no articular facets on the sides of their centra 
as are found in thoracic vertebrae, and they 
have no foramina in their transverse proc- 
esses as are found in cervical vertebrae. The 
foramen vasculare for the basivertebral vein 
is larger than in the other vertebrae. 

The body of a lumbar vertebra is large, 
wider transversely than dorsoventrally, and 
a little thicker ventrally than dorsally (Fig. 
4-26). It is flat or slightly concave superiorly 
and inferiorly. The sides of the centrum are 
concave, so that a finger can easily encircle 
the circumference of the vertebral body 
within its grooved concavity. Strong but 
short pedicles unite on the cranial part of 
the body, leaving deep inferior vertebral 
notches (Fig. 4-26). The laminae are broad, 
short, and strong. The vertebral foramen is 
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triangular, larger than in the thoracic, but 
smaller than in the cervical region. The spi- 
nous process is thick, broad, and somewhat 
quadrilateral in shape and ends in a rough, 
uneven border, which is thickest caudally 
where it is occasionally notched. The supe- 
rior and inferior articular processes are well 
defined, projecting from the junctions of 
pedicles and laminae (Fig. 4-27). The facets 
on the superior processes are concave and 
face dorsally and medially; those on the in- 
ferior are convex, and are directed ventrally 
and laterally. The superior facets are wider 
apart than the inferior; in the articulated col- 
umn the inferior articular processes are 
embraced by the superior processes of the 
subjacent vertebra. The transverse proc- 
esses are long, slender, and horizontal in the 
cranial three lumbar vertebrae, but incline a 
little dorsally in the caudal two. In the upper 
three vertebrae the transverse processes 
arise from the junctions of the pedicles and 
laminae, but in the lower two they are set 
farther ventrally and spring from the pedi- 
cles and dorsal parts of the bodies. Situated 
ventral to the articular processes instead of 
dorsal as in the thoracic vertebrae, the trans- 
verse processes can be considered homolo- 
gous with the ribs. 

Two additional tubercles found on lumbar 
vertebrae bear description. On the posterior 
borders of the large superior articular proc- 
ess are rounded enlargements called the 
mammillary processes, and arising from the 
dorsal part of the bases of the transverse 
processes are small rough elevations called 
the accessory processes (Fig. 4-27). 

The fifth lumbar vertebra (Fig. 4-28) is 
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Fic. 4-26. A lumbar vertebra, lateral view. 
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Fig. 4-27. A lumbar vertebra, craniodorsal aspect viewed from left. 


massive in its structure and its body is much 
deeper ventrally than dorsally, which ac- 
cords with the prominent sacrovertebral 
angle formed at the lumbosacral articula- 
tion, The spinous process is smaller than 
that of other lumbar vertebrae. but the trans- 
verse processes are bulky, short. and thick 
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and arise from the body as well as from the 
pedicles. The inferior articular processes, 
which attach to the sacrum, are more widely 
separated in the fifth lumbar vertebra than 
in other lumbar vertebrae; the distance ap- 
proaches or even exceeds that which sepa- 
rates the superior articular processes. 
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Fic. 4-28. Fifth lumbar vertebra, cranial aspect. 


VARIATIONS. The last Jumbar vertebra is subject 
to certain defects described as bifid and separate 
neural arches, the latter occurring three times as fre- 
quently as the former. Both defects result from an 
incomplete union of the bony vertebra and cause 
weakness in the spina! column: the bifid arch by 
impairing ligamentous attachments, the separate 
arch through loss of bony anchorage of the column 
to its base. 


Sacral and Coccygeal Vertebrae 


At an early period of life the sacral and 
coccygeal vertebrae consist of nine separate 
segments which, in the adult, are united to 
form two bones, five entering into the forma- 
tion of the sacrum, four into that of the 
COCCYX. 


THE SACRUM (os sacrum) 


The sacrum is a large, triangular bone, 
which is situated in the lower part of the ver- 
tebral column and forms the dorsal bony 
wall of the true pelvis (see Fig. 4-191). The 
broad, superior end of the bone, considered 
its base, articulates with the last lumbar ver- 
tebra, while its more narrow apex articu- 
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lates inferiorly with the coccyx. Inserted like 
a wedge between the two hip bones, its base 
projects ventrally and forms the prominent 
sacrovertebral angle when articulated with 
the last lumbar vertebra. Its central part is 
projected dorsally (see Fig. 4-190). It encases 
the sacral canal within which course the sac- 
ral nerves. 

The pelvic surface (facies pelvina; Fig. 
4-29) is concave, giving increased capacity to 
the pelvic cavity. Its median part is crossed 
by four transverse ridges, the positions of 
which correspond to the original planes of 
separation between the five segments of the 
fetal bone (see Fig. 4-44). The four ridges rep- 
resent the intervertebral discs of the im- 
mature sacrum which then ossified and 
fused. Intervening between the ridges are 
the bodies of the sacral vertebrae. The body 
of the first segment is large, and in form re- 
sembles that of a lumbar vertebra. Succeed- 
ing ones diminish in size, are flat and curve 
with the form of the whole sacrum. Four 
pairs of rounded pelvic sacral foramina are 
located at the ends of the transverse ridges. 
These foramina communicate with the sac- 
ral canal by means of intervertebral foram- 
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ina. Through them course the ventral divi- 
sions of the first four sacral nerves along 
with the lateral sacral arteries and veins. 

Lateral to the pelvic sacral foramina are 
the lateral parts of the sacrum, which consist 
of five separate segments at an early period 
of life, but blend with the bodies and with 
each other during maturation. Four broad, 
shallow grooves which lodge the ventral di- 
visions of the sacral nerves extend laterally 
from the foramina. These are separated by 
prominent ridges of bone which give origin 
to the piriformis muscle. Inserting onto the 
lateral aspect of the most inferior sacral seg- 
ment is the coccygeus muscle. 

The dorsal surface (facies dorsalis) (Fig. 
4-30) is convex and narrower than the pelvic 
surface. In its midline is located the median 
sacral crest. On this elevated ridge are 
mounted three or four tubercles, the rudi- 
mentary spinous processes of the upper 
three or four sacral segments (Fig. 4-31). On 
both sides of the median sacral crest, shal- 


low sacral grooves are formed by the united 
laminae of the corresponding vertebrae, and 
give origin to the multifidus. Overlying the 
multifidus and taking origin in a U-shaped 
manner around the multifidus is the erector 
spinae muscle. Some aponeurotic fibers of 
origin for the latissimus dorsi muscle also 
arise from the median sacral crest. The lami- 
nae of the fifth sacral vertebra fail to meet in 
the midline dorsally, leaving an enlarged 
aperture into the sacral canal, the sacral hia- 
tus (Fig. 4-31). On the lateral aspect of the 
sacral groove is a linear series of tubercles 
produced by the fusion of the articular proc- 
esses, which together form the indistinct in- 
termediate crests (Fig. 4-30). The articular 
processes of the first sacral vertebra are 
large and oval in shape. Their facets are con- 
cave, face dorsomedially, and articulate 
with the facets on the inferior processes of 
the fifth lumbar vertebra. The tubercles that 
represent the inferior articular processes of 
the fifth sacral vertebra are prolonged down- 


Articular processes for fifth lumbar vertebra 






Multifidus 


erty 


Sacral 
tuberosity 


Erector 
spinae 


Gluteus maximus 


Sacral hiatus 







RL aa 
Ss. 
ce ewe. 
_——e 


2 2 2 ©@ 









Posterior sacral foramina 


Inferior lateral angle 


Sacral cornu 


Apex articulates with coccyx 


Fic. 4-30. The sacrum, dorsal aspect. Observe that the origin of the multifidus muscle is surrounded by the U-shaped 


origin of the erector spinae (sacrospinalis) muscle. 
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ward as rounded processes named the sacral 
cornua, which are connected to the cornua 
of the coccyx (Fig. 4-30). Lateral to the inter- 
mediate crest are the four posterior sacral 
foramina (Fig. 4-30). Smaller in size and less 
regular in form than the ventral foramina, 
they transmit the dorsal divisions of the sac- 
ral nerves. Lateral to the dorsal foramina, a 
series of tubercles represents the transverse 
processes of the sacral vertebrae and forms 
the lateral crests of the sacrum (Fig. 4-31). 
The tubercles of the first and second sacral 
segments receive the attachment of the hori- 
zontal parts of the posterior sacroiliac liga- 
ments; those of the third vertebra give at- 
tachment to the oblique fasciculi of the 
dorsal sacroiliac ligaments; and those of the 
fourth and fifth to the sacrotuberous liga- 
ments. 

The lateral surface (Fig. 4-31) of the sac- 
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Lateral aspect of sacrum and coccyx. 


rum is broad and irregular cranially, narrow 
caudally, and formed by the union of ele- 
ments comparable to the costal and trans- 
verse processes seen in other vertebrae (Fig. 
4-32). The upper half of this surface presents 
a large ear-shaped articular facet, the auricu- 
lar surface, which is covered with cartilage 
in the fresh state for articulation with the 
ilium. Dorsal to it is a rough surface, the sac- 
ral tuberosity (Fig. 4-31), on which are three 
deep and uneven impressions for the attach- 
ment of the posterior sacroiliac ligament. 
The caudal half of the lateral surface is thin 
and ends in a projection called the inferior 
lateral angle (Fig. 4-30); medial to this angle 
is a notch that is converted by the transverse 
process of the first coccygeal segment into a 
foramen for transmission of the ventral divi- 
sion of the fifth sacral nerve. The thin caudal 
half of the lateral surface gives attachment 


|, OSTEOLOGY 


Spinous process 


cD) 





Sacral canal 


Articular process 


oes 


Fic. 4-32. Base of sacrum. This superior end of the sacrum articulates with the fifth lumbar vertebra. 


to the sacrotuberous and sacrospinous liga- 
ments, to some fibers of the gluteus maximus 
muscle, and to the coccygeus muscle. 

The base of the sacrum (basis ossis sacri; 
Fig. 4-32), which is its cranial surface, is 
broad and expanded laterally. In its center is 
the upper surface of the body of the first sac- 
ral vertebra. The ventral border of the body 
projects into the pelvis as the promontory. 
The articulation between the body of the 
first sacral segment and the body of the fifth 
lumbar vertebra is interposed by an inter- 
vertebral disc. The orifice of the sacral canal 
lies dorsal to this articulation. As is seen 
throughout the vertebral column, the sacral 
canal is completed dorsally by the laminae 
and spinous process. The superior articular 
processes on either side are directed dorso- 
medially, as are the superior articular proc- 
esses of a lumbar vertebra. They are at- 
tached to the body of the first sacral vertebra 
and to the wings, or alae, by short thick pedi- 
cles. On the cranial surfaces of each pedicle 
is a vertebral notch that forms the caudal 
part of the intervertebral foramen between 
the last lumbar and the first sacral vertebrae. 
On either side of the body, a large triangular 
surface called the ala supports the psoas 
major muscle and the lumbosacral nerve 
trunk, and receives the attachment of a few 
fibers of the iliacus muscle. The dorsal quar- 
ter of the ala represents the transverse proc- 
ess, and its ventral three-quarters the costal 
process of the first sacral segment (Fig. 4-32). 

The apex (apex ossis sacri) is the caudal 
extremity of the sacrum and presents an 
oval facet for articulation with the coccyx. 

The sacral canal (canalis sacralis; Figs. 


4-26; 4-27), the vertebral canal in the sacrum, 
is incomplete inferiorly due to the nondevel- 
opment of the laminae and spinous proc- 
esses of the last one or two segments. The 
resultant widened aperture into the caudal 
end of the sacral canal, the sacral hiatus (Fig. 
4-30), is used by anesthesiologists for the in- 
sertion of a flexible needle to produce cau- 
dal analgesia. The canal lodges the sacral 
nerves of the lower spinal cord’s cauda 
equina, and its walls are perforated by the 
dorsal and ventral sacral foramina through 
which these nerves pass. 


STRUCTURE. The sacrum consists of cancellous 
bone enveloped by a thin layer of compact bone. In 
a sagittal section through the center of the sacrum 
(Fig. 4-33), the bodies appear united at their circum- 
ferences by bone, but in the center are wide intervals 
which, in the intact body, are filled by the interverte- 
bral discs. This union may be more completely ossi- 
fied between the caudal segments than between the 
Cranial segments in some sacra. 

ARTICULATIONS. The sacrum articulates with four 
bones: the last lumbar vertebra cranially, the coccyx 
caudally, and the hip bone on each side. 

DIFFERENCES IN THE SACRUM OF THE MALE AND 
THE FEMALE. The wider female pelvic cavity !s par- 
tially explained by the fact that the female sacrum is 
shorter and wider than the male. The cranial half of 
the sacrum is nearly straight while the caudal half 
presents a curvature. In women the caudal half 
forms a greater angle with the cranial half. The fe- 
male sacrum being more oblique and dorsally dt- 
rected renders the sacrovertebral angle more promi- 
nent. In the male the curvature of the sacrum is 
more evenly distributed over the whole length of the 
bone. 

VARIATION. The sacrum may consist of the rem- 
nants of six segments, in which case a part of the 
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Fic. 4-33. Median sagittal section of the sacrum. 


last lumbar or first coccygeal vertebra is included 
(sacralization). More occasionally the number is re- 
duced to four. The bodies ofthe first and second 
may fail to unite. Sometimes the uppermost trans- 
verse tubercles are not joined to the rest of the ala on 
one or both sides, or the sacral canal may be open 
throughout a considerable part of its length in con- 
sequence of the imperfect development of the lami- 
nae and spinous processes. The sacrum also varies 
considerably with respect to its degree of curvature. 


THE COCCYX (os coccygis) 


Usually formed of four rudimentary verte- 
brae, the coccyx (Figs. 4-34; 4-35) may consist 
of three or as many as five segments. This 
small triangular bone articulates superiorly 
with the apex of the sacrum, and its inferior 
tip is the lowest part of the spinal column. 
Rudimentary bodies and articular and trans- 
verse processes can be identified in the first 
three segments, but coccygeal vertebrae are 
destitute of pedicles, laminae, and spinous 
processes. The first segment is the largest, 
and, resembling the last sacral vertebra, it 
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often exists as a separate bone. The lowest 
three segments diminish in size, and are usu- 
ally fused with one another. Of these, the 
last segment is a mere module of bone. 

The pelvic surface is marked with three 
transverse grooves, which indicate the junc- 
tions of the different segments. It gives at- 
tachment to the ventral sacrococcygeal liga- 
ment, and to its lateral margins are inserted 
muscle fibers of the coccygeus and levator 
ani muscles. Additionally, it is in contact 
with a part of the rectum. The dorsal surface 
has a row of tubercles on both sides: these 
are the rudimentary articular processes. The 
large first pair of tubercles is called the coc- 
cygeal cornua; it articulates with the cornua 
of the sacrum, and on each side completes 
the intervertebral foramen for the transmis- 
sion of the dorsal division of the fifth sacral 
nerve. 

On the lateral borders of the coccyx a se- 
ries of small eminences represents the trans- 
verse processes. The uppermost pair is the 
largest, and on each side the transverse proc- 
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Fic. 4-34. Coccyx, pelvic surface. 
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ess often joins the thin lateral edge of the 
sacrum, thus completing the foramen for the 
transmission of the ventral division of the 
fifth sacral nerve. The narrow borders of the 
coccyx receive the attachments of the sacro- 
tuberous and sacrospinous ligaments later- 
ally, the coccygeus muscle and the ilio- 
coccygeal portion of the levator ani muscle 
ventrally, and the origin of the gluteus maxi- 
mus muscle dorsally. The oval facet on the 
surface of the base articulates with the sac- 
rum. The rounded apex may be bifid, or de- 
flected to one side, and has the tendon of the 
sphincter ani externus attached to it. 


Variations and Anomalies of the Vertebral 
Column 


NUMBER OF VERTEBRAE. Variation in the total 
number of vertebrae cranial to the coccyx is less 
common than variations in the normal number 
within the different regions. The number of seg- 
ments in the coccyx is the most variable, the sacral 
next, then the thorax, and finally variation in the 
number of cervical vertebrae the least common. The 
number of vertebrae in one region may be increased 
at the expense of the number in a neighboring re- 
gion however. Variations in the lumbosacral and cer- 
vicothoracic region are rather frequent and usually 
can be traced to anomalies in the development of 
the costal processes (Fig. 4-8). The costal proc- 
esses of the twelfth thoracic vertebra may be want- 
ing, in which case there will be eleven thoracic and 
six lumbar vertebrae. Conversely, the costal element 
of the first lumbar may develop into a rib, resulting 
in thirteen thoracic and four lumbar vertebrae. The 
costal element of the last lumbar may unite with the 
first sacral, a condition known as sacralization of the 
lumbar vertebra, resulting in four lumbar and six sac- 
ral segments. True sacralization does not take place, 
however, unless the fifth lumbar enters into the ar- 
ticulation with the ilium. Again, the first sacral seg- 
ment may fail to unite with the other sacrals, result- 
ing in six lumbar and four sacral segments. There 
may be a secondary sacral promontory. 

CERVICAL RIB. Occasionally a cervical rib condi- 
tion develops in which the costal element of the sev- 
enth cervical is elongated into a separate rib-like 
Structure. In rare instances, such a rib may be long 
enough to articulate with the sternum. This anomaly 
may cause interference with blood flow in the sub- 
clavian artery or paralysis in the upper extremity due 
to pressure on the brachial plexus. 

ASYMMETRY. Qne side of a vertebra may develop 
defectively to a greater or lesser degree. When this 
occurs on one side of the centrum or body, the re- 
sulting condition ts called congenital scoliosis or lat- 
eral curvature. In other situations an overgrowth or 
failure of the costal process may occur On one side, 


especially in the lumbosacral region, or there may 
exist one-sided defects in the pedicles and laminae. 

SPINA BIFIDA. At times laminae fail to unite and 
form a spinous process. Not uncommonly it involves 
only one or two vertebrae and causes few symp- 
toms (spina bifida occulta). Depending on the size 
of the defect, there may be a small fat pad or lipoma 
in its place, but larger defects may contain a menin- 
gocele or amyelomeningocele produced by fluid and 
the protrusion of tissues from the spinal canal. The 
most common site of spina bifida is the lumbar re- 
gion, less common is the cervical region. In some 
instances the absence of spinous processes may ex- 
tend distally through the entire sacrum, leaving the 
sacral canal exposed. Other parts of the neural arch 
may have similar defects. The union of the pedicles 
with the body may fail on one or both sides; the 
resulting weakness of the arch may cause displace- 
ment of one vertebra over the other, the condition 
named spondylolisthesis. 


Ossification of the Vertebral Column 


Each cartilaginous vertebra is ossified from three 
primary centers (Fig. 4-36), two for the vertebral 
arch and one for the body. Ossification of the verte- 
bral arches begins in the upper cervical vertebrae 
during the seventh or eighth week of fetal life, and 
gradually extends to more caudal vertebrae. The 
ossific granules first appear at the sites from which 
the transverse processes eventually project. Ossifica- 
tion spreads dorsally to the spinous process, ven- 
trally into the pedicles, and laterally into the trans- 
verse and articular processes. Ossification of the 
vertebral bodies begins about the eighth week in the 
lower thoracic region, and subsequently extends 
cranially and caudally along the column. The initial 
ossification center for the body does not give rise to 
the entire centrum of the adult vertebra, since the 
dorsolateral portions are ossified by extensions from 
the vertebral arch. During the first few years of life 
the body of a vertebra, therefore, shows two lines of 
union of the neural arch with the centrum. These 
sites of junction are called neurocentral syn- 
chrondroses (Fig. 4-37). In the thoracic region, the 
facets for the heads of the ribs lie dorsal to the 
neurocentral synchondroses and are ossified from 
the centers for the vertebral arch. 

At birth the vertebra consists of three parts, the 
body and the two halves of the vertebral arch joined 
by cartilage. During the first year the halves of the 
arch unite dorsally, union taking place first in the 
lumbar region and then extending cranially through 
the thoracic and cervical regions. About the third 
year the bodies of the upper cervical vertebrae are 
joined to the arches on each side, but this union in 
the caudal lumbar vertebrae is not completed until 
the sixth year. During the years before puberty these 
primary ossification centers gradually increase in 
size, while the cranial and caudal surfaces of the 
bodies and the ends of the transverse and spinous 


THREE PRIMARY CENTERS 





1 for body (8th weck) 


| for each side of verlebral arch (71h week) 


Fig. 4-36. 


FIVE SECONDARY CENTERS 






Neurocentral 
synchondrosis 


1 for each 
transverse 
Pad 


process 
(161h year) 


1 fot spinous process (16th year) 


Fic. 4-37, 


1 for upper surface 
of body 


1 for under St | 


(161h year) 





of body 


Fic. 4-38. 


Fics. 4-36 to 4-38. Ossification of a vertebra, Fig, 4-36. 
The three primary ossification centers are indicated. Fig. 
4-37. Three secondary centers, to which are added two 
other secondary centers on the upper and lower surfaces 
of the vertebral body (Fig. 4-38). 


processes remain cartilaginous. About the sixteenth 
year (Fig. 4-37), five secondary centers appear, 
one for the tip of each transverse process, one for 
the extremity of the spinous process, one for the 
cranial and one for the caudal surface of the body 
(Fig. 4-38). The secondary centers fuse with the rest 
of the bone about the age of twenty-five. 

The mode of ossification just described occurs in 
vertebrae of the spinal column from the third 
through the sixth cervical and the twelve thoracic 
segments. Exceptions to this ossification pattern, 
however, occur in the first, second, and seventh cer- 
vical vertebrae, and in the lumbar, sacral, and coc- 
cygeal vertebrae. 

ATLAS. The atlas is usually ossified from three 
centers (Fig. 4-39). Two of these usually appear in 
the lateral masses during the seventh week of fetal 
life. At birth, the dorsal portions of bone are sepa- 
rated from one another by a narrow interval filled 
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Fic. 4-39. OQOssification centers in the atlas (first cervical 
vertebra). 


with cartilage. Between the third and fourth years 
the posterior arch becomes united either directly or 
through the development of a separate ossification 
center in the cartilage. The anterior arch consists of 
Cartilage at birth; a separate center appears toward 
the end of the first year after birth and eventually 
joins the lateral masses between the sixth and eighth 
years. The lines of this union extend across the ven- 
tral portions of the superior articular facets (Fig. 4- 
39). Occasionally there is no separate center for the 
ventral arch, or it may ossify from two centers, one 
on each side of the midline. 

AXIS OR EPISTROPHEUS. The axis ossifies from 
five primary and two secondary centers (Fig. 4-40). 
The body and arch are ossified in the same manner 
as in the other vertebrae, i.e., one primary center for 
the body, and two for the vertebral arch. The centers 
for the arch appear about the seventh or eighth week 
of fetal life, that for the body about the fourth or fifth 
month. The dens (being the representation of the 
body of the atlas) commences ossification during the 
sixth fetal month from two laterally placed primary 
centers in its base. These two centers join before 
birth and form a conical mass of bone which has a 
cleft superiorly. The interval between the sides of the 
cleft is filled by a wedge-shaped piece of cartilage, 
thereby forming the summit of the process. This car- 
tilaginous apex of the dens has a separate secondary 
ossification center which appears during the second 
year and joins the main part of the process about the 
twelfth year. The base of the dens is separated from 
the vertebral body by a cartilaginous disc, which 
gradually becomes ossified at its circumference, but 
remains cartilaginous in its center until advanced 
age. In this cartilage, rudiments of the caudal epi- 
physeal lamella of the atlas and the cranial epiphys- 
eal lamella of the axis may sometimes be found. 
Additionally, there is a secondary center for a thin 
epiphyseal plate on the caudal surface of the body of 
the bone which ossifies at about the seventeenth 
year. 

SEVENTH CERVICAL VERTEBRA. In addition to the 
ossification centers described for typical cervical and 
thoracic vertebrae, the ventral or costal part of the 
transverse processes of the seventh cervical vertebra 
is sometimes ossified from separate centers which 
appear about the sixth month of fetal life. These gen- 
erally join the body and dorsal part of the transverse 
process between the fifth and sixth years. They may 
continue to grow laterally as cervical ribs. 
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Fic. 4-40. Ossification centers in the axis (second cervi- 
cal vertebra). 


LUMBAR VERTEBRAE. Each lumbar vertebra (Fig. 
4-41) has two additional ossification centers for the 
mammillary processes, as well as those described 
for typical cervical and thoracic vertebrae. Similar to 
those in the transverse and spinous processes, the 
mammillary processes ossify at about the seven- 
teenth year. The transverse process of the first lum- 
bar is sometimes developed separately, and may 
remain permanently apart from the rest of the bone, 
thus forming a rare peculiarity, a lumbar rib. 

THE SACRUM (Figs. 4-42 to 4-45). The body of 
each sacral vertebra is ossified from a primary center 
and two epiphyseal plates, while each vertebral arch 
becomes ossified from two centers. Cranial and lat- 
eral to the pelvic foramina, six or more additional 
ossification centers develop, two (one on each side) 
for each of the upper three or four sacral vertebrae. 
These represent the costal elements of the sacral 
segments (Figs. 4-42; 4-43). On the cranial and 
caudal surfaces of each sacral vertebral body, ossifi- 
cation centers for the epiphyseal plates develop (Fig. 
4-44). Further, on each lateral surface two epiphys- 
eal plates are formed (Figs. 4-44; 4-45): one for the 
auricular surface, and another for the remaining 
lower part of the thin lateral edge of the bone. 

About the eighth or ninth week of fetal life, ossift- 
cation of the central part of the body of the first sac- 
ral vertebra commences; similarly, ossification rap- 
idly follows in the second and third. Ossification 
does not commence in the bodies of the last two 
sacral segments until the fifth to eighth month of 
fetal life. Between the sixth and eighth months ossi- 
fication of the vertebral arches occurs, and at about 
the same time the costal centers make their appear- 
ance laterally. The vertebral arches join with the 
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Fic. 4-41. Ossification centers in lumbar vertebrae in- 


clude an additional two secondary centers for the 
mammillary processes. 


AT BIRTH 





FiG. 4-42. The sacrum at birth shows ossification not 
only in the five centra, but also in the costal elements on 
each side of the upper three or four sacral vertebrae 
(marked by asterisks). 





Fig. 4-43. By 4¥, years, the ossified lateral sacral proc- 
esses have joined the centra, but the lateral epiphyseal 
plates and those between the bodies are still cartilagi- 
nous. 
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Fic. 4-44. By the twenty-fifth year, ossification centers 
have appeared not only in the intervertebral epiphyseal 
plates, but in those bordering the lateral margins of the 
sacrum (marked by asterisks). 
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Fic. 4-45. Base of the sacrum in a child of four to five 


years (viewed from above), 


bodies in the more caudal vertebrae as early as the 
second year, whereas this does not occur in the 
more cranial until the fifth or sixth year. About the 
sixteenth year the epiphyseal plates for the superior 
and inferior surfaces of the bodies are formed: and 
between the eighteenth and twentieth years, those 
for the lateral surfaces make their appearance. Dur- 
ing early life the bodies of the sacral vertebrae are 
separated from each other by intervertebral discs, 
but by about the eighteenth year the last two seg- 
ments become united by bone, and the process of 
bony union gradually extends cranially. Between the 
twenty-fifth and thirtieth years of life all the sacral 
segments are united intervertebrally. 

THE coccyx. The coccyx ts ossified from four pri- 
mary centers, one for each segment. These centers 
make their appearance soon after birth in the first 
segment and between the fifth and tenth years in the 
second segment. Ossification of the third segment 
commences before puberty (between the tenth and 
fifteenth years), and after puberty in the fourth seg- 
ment (between the fourteenth and twentieth years). 
As age advances, the segments unite intervertebrally. 
The union between the first and second segments ts 
frequently delayed until after the age of twenty-five 
or thirty. At a late period of life, especially in women, 
the coccyx often fuses with the sacrum. 


THE THORAX 


The skeleton of the thorax or chest (Figs. 
4-46 to 4-48) forms an osseocartilaginous 
cage which protects the principal organs of 
respiration and circulation. It extends inferi- 
orly over the upper part of the abdomen, 
thereby covering portions of certain abdom- 
inal organs. It is conical in shape, so that its 
superior or cervical inlet is of lesser diame- 
ter than its inferior abdominal end. In 
transverse section it appears kidney-shaped 
because of the projection of the vertebral 
bodies into the cavity. The thoracic cage is 
formed by the ribs with their costal carti- 
lages attached anteriorly to the sternum (Fig. 
4-46) and posteriorly to the thoracic verte- 
brae of the spinal column (Fig. 4-48). 

BounparRies. The dorsal surface is 
formed by the twelve thoracic vertebrae and 
the dorsal parts of the twelve ribs. The ven- 
tral surface is formed by the sternum and 
costal cartilages. he lateral surfaces are 
formed by the ribs, separated from each 
other by the eleven intercostal spaces within 
which are located the intercostal muscles 
and membranes. 

The superior opening of the thoracic cage 
is broader from side to side than dorsoven- 
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trally. It is formed by the first thoracic verte- 
bra, the cranial margin of the sternum, and 
the first rib on each side. Its dorsoventral 
diameter is about 5cm, and its transverse 
diameter about 10 cm. The plane of the aper- 
ture slopes caudally from the spinal column 
toward the sternum, since the upper border 
of the sternum lies 3 to 5 cm below the upper 
border of the body of the first thoracic verte- 
bra. Thus, the thoracic inlet faces ventral- 
ward as well as cranialward (Figs. 4-46; 4-48). 
The inferior opening or thoracic outlet is 
formed dorsally by the twelfth thoracic ver- 
tebra, laterally by the eleventh and twelfth 
ribs, and ventrally by the cartilages of the 
tenth, ninth, eighth, and seventh ribs, which 
slope on each side to form the infrasternal 
angle at the xiphoid process. This caudal 
opening, also wider transversely than dorso- 
ventrally, inclines obliquely caudalward 
anc dorsalward. It is closed by the dia- 
phragm, which forms both the floor of the 
thorax and the roof of the abdomen. 


The thorax of the female differs from that of the 
male as follows: (1) its capacity is less; (2) the ster- 
num ts shorter; (3) the cranial margin of the sternum 
is on a level with the caudal part of the body of the 
third thoracic vertebra, whereas in the male it is ona 
level with the caudal part of the body of the second; 
and (4) the upper ribs are more movable, permitting 
a greater expansion of the cranial part of the thorax. 


The Sternum 


The sternum (Figs. 4-49 to 4-53) is an elon- 
gated, flat bone, which forms the middle 
portion of the ventral wall of the thorax. Its 
cranial end supports the clavicles, and its 
lateral margins articulate with the cartilages 
of the first seven pairs of ribs. The adult ster- 
num consists of three parts, the manubrium, 
the body, and the xiphoid process. In early 
life, the sternum consists of six segments. 
The first and sixth remain as separate parts, 
the manubrium and xiphoid process respec- 
tively, while the intermediate four segments 
or sternebrae fuse to become the sternal 
body. The sternum is broad superiorly 
where the first ribs attach and in the region 
of the body where the fourth and fifth ribs 
attach. It narrows at the junction of the ma- 
nubrium with the body, where the second 
ribs articulate, and once again at its inferior 
extremity (Fig. 4-49). In its natural position, 
the sternum is directed inferiorly, the caudal 
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Fic 4-46 The ventral aspect of the thoracic cage. Observe that all 12 pairs of ribs articulate with their respective 
thoracic vertebrae: however. only the first seven pairs attach directly to the sternum. The eighth and ninth ribs attach 
to the cartilage of the seventh rib on each side, while the tenth. eleventh and twelfth pairs have no anterior articula- 


tion. (From Spalteholz.) 


end of the bone being inclined somewhat 
anteriorly and away from the vertebral col- 
umn. Its average length in the adult is about 
17 cm. being rather longer in males than in 
females. Projected posteriorly onto the ver- 
tebral column, the manubrium lies at the 
level of the third and fourth thoracic verte- 
brae. Its articulation with the sternal bodv is 
level with the intervertebral disc between 
the fourth and fifth vertebrae. The body of 
the sternum lies anterior to the fifth to tenth 
thoracic vertebrae. A line from the xiphoid 
process projects back to the eleventh tho- 
racic vertebra. 

The manubrium (manubrium sterni) is 
quadrangular in shape. broad and _ thick 


cranially. but more narrow caudally at its 
junction with the body. 

Its ventral surface is smooth. and on each 
side affords attachment to the pectoralis 
major and sternocleidomastoideus muscles 
(Fig. 4-49). The ridges limiting the attach- 
ments of these muscles are at times quite dis- 
tinct. Its dorsal surface. concave and 
smooth. affords attachment on each side to 
the sternohyoid and sternothvroid muscles 
(Fig. 4-50). 

The cranial border of the manubrium is 
thick and presents at its center the jugular 
(suprasternal) notch. on each side of which. 
at the clavicular notch. is an oval articular 
surface for the sternal end of the clavicle. 
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Fig.4-47. ‘The dorsal aspect of the thoracic cage. Note that each rib articulates with its respective thoracic vertebra, 
and upon encircling the trunk in an inferolateral direction, articulates anteriorly at a site lower than its vertebral 
commencement. Thus, any respective intercostal space lies higher dorsally than ventrally. (From Spalteholz.) 


The caudal border, oval and rough, is sur- 
faced by a thin layer of cartilage for articula- 
tion with the body. The upper aspect of the 
lateral borders is marked by a depression for 
the first costal cartilage. Found caudally is a 
small facet that forms part of the notch for 
the reception of the costal cartilage of the 
second rib. 

The body (corpus sterni) of the sternum is 
considerably longer, narrower, and thinner 
than the manubrium. Its ventral surface is 
nearly flat and is marked by three transverse 
ridges which cross the bone opposite the 
third, fourth, and fifth costal articular de- 
pressions. These ridges define the sites of 
ossification of the original four sternebrae. 


This anterior surface affords attachment on 
each side to the sternal origin of the pectora- 
lis major, the line of origin of this muscle 
continuing down from the manubrium. At 
the junction of the third and fourth sterne- 
brae of the body, a sternal foramen of vary- 
ing size and form is occasionally seen. The 
slightly concave dorsal or internal surface is 
also marked by three transverse lines, less 
distinct, however, than the ventral; from its 
caudal part, the transversus thoracis muscle 
takes origin on each side (Fig. 4-50). 

The cranial border of the sternal body is 
oval and articulates with the manubrium, 
the junction of the two forming the sternal 
angle (angle of Louis). The caudal border is 
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Fic. 4-48. The thoracic cage viewed from the right side. Observe that the lateral wall of the thorax is supported by 
the bodies of the ribs. Note that the ribs initially course in an inferolateral direction from the vertebral column and 
then inferomedially to achieve the costal cartilages and the sternum. (From Spalteholz.) 


narrow, and articulates with the xiphoid 
process. Each lateral border (Fig. 4-51), at its 
cranial end, has a small facet which, with a 
similar facet on the manubrium, forms a 
cavity for the cartilage of the second rib. 
Caudal to this are found four angular de- 
pressions which receive the cartilages of the 
third, fourth, fifth, and sixth ribs. At its cau- 
dal end the sternal body has a sinall facet, 
which combines with a corresponding one 
on the xiphoid process to form a notch for 
the cartilage of the seventh rib. These articu- 
lar depressions are separated by a series of 
curved interarticular intervals, which di- 
minish in length caudally, and correspond to 
the ventral extremities of the intercostal 
spaces. Most of the costal cartilages extend- 


ing from the true ribs articulate with the 
sternum at the lines of junction of its primi- 
tive component sternebrae segments. This ts 
frequently seen even more clearly in many 
lower animals, in which the sternebrae re- 
main distinct longer than in man. 

The xiphoid process (processus xiphoideus) 
is the smallest of the three parts of the ster- 
num. It is thin and elongated, cartilaginous 
in youth, but more or less ossified proxi- 
mally in the adult. Its ventral surface affords 
attachment on each side to the ventral 
costoxiphoid ligament and to a small part of 
the rectus abdominis muscle. Onto the dor- 
sal surface are attached the dorsal costoxi- 
phoid ligament and some of the fibers of 
the diaphragm and the transversus thoracis 
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Fic. 4-49. The anterior surface of the sternum and ribs. Observe the costal cartilages and their manner of articulation 
with the sternum. Suprasternally note the jugular notch on the superior border of the manubrium, lateral to which 
articulate the clavicles. The infrasternal angle is formed by the midline articulation of the costal margins of the two 


sides. Muscle origins are in red, insertions in blue. 


muscles. The lateral borders give attachment 
to some fibers of the aponeuroses of the ab- 
dominal muscles. 

The xiphoid process articulates with the 
sternal body. and at each superior angle 
presents a facet for part of the cartilage of 
the seventh rib. The pointed caudal extrem- 
ity gives attachment to the linea alba. The 
xiphoid process varies much in form; it may 
be broad and thin, pointed, bifid, perforated, 
curved, or deflected considerably to one side 
or the other. 


STRUCTURE. The sternum is composed of highly 
vascular cancellous bone, covered by a thin, com- 
pact layer which is thickest in the manubrium be- 
tween the articular facets for the clavicles. When 
necessary, the sternum is utilized by hematologists 
for sternal puncture, in which a needle of large bore 
is thrust through the thin subcutaneous cortical 
bone and a specimen of red marrow aspirated. 


OSSIFICATION. The sternum early appears as two 
cartilaginous bars, situated one on each side of the 
median plane. Each of these two sternal plates is 
connected with the cartilages of the upper nine ribs 
of its own side. The two bars then fuse along the 
midline to form the cartilaginous sternum, which is 
subsequently ossified from six centers: one for the 
manubrium, four for the body, and one for the xiph- 
oid process (Fig. 4-52). The ossification centers ap- 
pear in the intervals between the articular depres- 
sions for the costal cartilages, in the following order: 
in the manubrium and first piece of the body during 
the sixth prenatal month; in the second and third 
sternebrae of the body during the seventh month of 
fetal life; in the fourth sternebrae of the body during 
the first year after birth; and in the xiphoid process 
between the fifth and eighteenth years. As a rule, 
ossification commences in the more superior parts 
of the segments and proceeds caudalward. Occa- 
sionally two additional small episternal centers may 
develop on each side of the jugular notch. These are 
probably vestiges of the episternal bone of the mon- 
otremes and lizards. 
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FiG. 4-50. Dorsal surface of the sternum. Observe the 
transverse lines of union between the segments of the 
sternal body. Note also the attachments of the sternohy- 
oid and sternothyroid muscles on the manubrium and the 
diaphragm and transverse thoracis muscles inferiorly. 


Multiple ossification centers within the sternal 
segments are frequently encountered, the number 
and position of which vary. Thus, manubrium may 
develop from two, three, or even six centers. When 
two are present, they are generally situated one su- 
perior to the other, the cranial being the larger. The 
second piece seldom has more than one center, 
while the third, fourth, and fifth pieces are often 
formed from two laterally placed centers, the irregu- 
lar union of which explains the rare occurrence of a 
sternal foramen. The imperfect union of the longitu- 
dinally oriented cartilaginous bars may result in a 
vertical fissure constituting the malformation known 
as fissura sterni. This condition is seen more fre- 
quently lower in the sternum, but may occur even in 
the manubrium. If extensive, pulsations of the heart 
may be readily observed through the skin of the an- 
terior chest wall. 

Union of the four segments of the sternal body 
commences at puberty and proceeds cranially from 
the lower segments (Fig. 4-53). By the age of 
twenty-five the segments of the sternal body are all 
united. The xiphoid process may become ossified to 
the sternal body before the age of thirty, but this 
occurs more frequently after forty; at times the 
xiphisternal junction remains ununited in old age. In 
advanced life the manubrium may occasionally be 
joined to the body by bone. When this happens, 


however, the bony tissue !s usually superficial, and 
the central portion of the intervening cartilage re- 
mains unossified. 


ARTICULATIONS. The sternum articulates on each 
side with the clavicle and first seven costal carti- 
lages. 


The Ribs 


The ribs (costae) are flattened, narrowed, 
elastic arches of bone, which form a large 
part of the thoracic skeleton. There are usu- 
ally twelve pairs. The first seven pairs, called 
true or vertebrosternal ribs, are connected 
dorsally with the vertebral column, and ven- 
trally by means of costal cartilages. with the 
sternum (Figs. 4-46 to 4-49). The remaining 
five pairs are false ribs and consist of two 
types: the eighth, ninth, and tenth have their 
cartilages attached to the cartilage of the rib 
above (vertebrochondral), while the elev- 
enth and twelfth are free at their ventral ex- 
tremities and termed floating or vertebral 
ribs, since they do not attach to the sternum. 
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Fig. 4-51. Lateral border of the sternum. Observe that 
the facets for the second costal cartilages lie laterally at 
the junction of the manubrium and sternal body, while 
the facets for the seventh cartilages lie laterally at the 
xiphisternal junction. 
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Fic. 4-52. QOssification centers for the sternum and their 
times of appearance. Multiple centers are frequently 
seen in certain of the segments. 


The ribs vary somewhat in their shape and 
direction, the upper ones being less oblique, 
and curving at a more acute angle than the 
lower. The obliquity reaches its maximum at 
the ninth rib, and gradually decreases again 
from that rib to the twelfth. The ribs are ar- 
ranged in a serial manner below one an- 
other, each being separated from the next by 
intercostal spaces. The length of each space 
around the thorax corresponds to that of 
the adjacent ribs and their cartilages. The 
breadth of the intercostal spaces is greater 
ventrally than dorsally and greater between 
the more superior ribs than between the 
lower ones. The ribs increase in length from 
the first to the seventh, then diminish to the 
twelfth. 

CHARACTERISTICS OF THE RIBS (Figs. 4-54; 
4-55). A rib from the middle of the series 
may be used to study the common character- 
istics of these bones. Each rib has two ex- 
tremities, a dorsal or vertebral, and a ventral 
or sternal. The intervening portion is called 
the body or shaft. 
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Fic. 4-53. Times when ossified union occurs between 
the six segments of the sternum. 
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The dorsal or vertebral extremity presents 
for examination a head, neck, and tubercle. 

The head is marked by two articular facets 
which are separated by a horizontal inter- 
articular crest (Fig. 4-55). The more inferior 
of the two facets is usually the larger and 
articulates onto the centrum of the segmen- 
tally corresponding vertebra. The cranial 
facet is smaller and articulates with the next 
superior vertebral body. The crest is at- 
tached to the intervertebral disc by the inter- 
articular ligament. 

The neck (Fig. 4-55) is the flattened portion 
of the rib which extends lateralward from 
the head. It is about 2.5 cm long, and is 
placed ventral to the transverse process of 
the more caudal of the two vertebrae with 
which the rib head articulates. Its ventral 
surface is flat and smooth; its dorsal surface 
is roughened for the attachment of the costo- 
transverse ligament (of the neck of the rib) 
and perforated by numerous foramina. Of its 
two borders the cranial is roughest and pre- 
sents asharp crest (crista colli costae) for the 
attachment of the anterior costotransverse 
ligament. The caudal border is rounded and 
is continuous laterally with the ridge of the 
costal groove. The tubercle is an eminence 
on the posterior surface of the rib at the 
junction of the neck and body, and consists 
of an articular and a nonarticular portion 
(Fig. 4-55). The articular portion, the more 
caudal and medial of the two, presents a 
small, oval facet for articulation with the 
end of the transverse process of the numeri- 
cally corresponding vertebra (the more cau- 
dal of the two vertebrae to which the head is 
connected). The nonarticular portion is a 
rough elevation, and affords attachment to 
the lateral costotransverse ligament (liga- 
ment of the tubercle of the rib). The tubercle 
is much more prominent in the upper than in 
the lower ribs. 

The body or shaft of a rib is thin and flat 
and presents an external and an internal sur- 
face along with two borders, a superior and 
an inferior. About six centimeters beyond 
the tubercle, the external surface is marked 
by a prominent line which gives attachment 
to a tendon of the iliocostalis muscle. At this 
site the shaft of the rib turns ventrally at a 
point, the angle. The rib is bent in two direc- 
tions, and at the same time twisted on its 
long axis. If placed upon its inferior border, 
the portion dorsal to the angle is bent 
medialward and at the same time tilled 
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Fic. 4-54. The inferior aspect of a typical central rib 
from the left side. Note that the principal parts of the 
bone include the head, neck, tubercle (which possesses 
an articular eminence and a nonarticular eminence), and 
the curved body or shaft. The costal groove lodges the 
intercostal vessels and nerve. 


Nonarticular part of tubercle 





Articular part of tubercle 


cranialward. Because the rib is twisted, the 
external surface dorsal to the angle looks 
caudalward, while ventral to the angle, the 
external surface faces slightly cranialward. 
The distance between the angle and the tu- 
bercle becomes progressively greater from 
the second to the tenth ribs. The external 
surface between the angle and the tubercle 
is rounded, rough, and irregular, and serves 
for the attachment of the longissimus tho- 
racis muscle. The internal surface of the 
rib shaft is concave and smooth, except for a 
bony ridge which commences at the head of 
the rib and is strongly marked as far as the 
angle, but gradually flattens at the junction 
of the ventral and middle thirds of the bone. 
Between this ridge and the inferior border 
lies the costal groove which contains the in- 
tercostal vessels and nerve. Dorsally, the 
costal groove lies along the rib’s inferior bor- 
der, but beyond the angle, where the groove 
is deepest and broadest, it courses along the 
internal surface. The superior edge of the 
groove is rounded and serves for the attach- 
ment of the internal intercostal muscle; the 
inferior edge corresponds to the margin of 
the rib, and gives attachment to the external 
intercostal muscle (Fig. 4-54). Within the 
groove are found orifices of numerous small 
foramina for nutrient vessels. The superior 
border is thick and rounded, and is marked 
by an external and an internal lip, which are 
more distinct dorsally and also serve for the 
attachment of the external and internal in- 
tercostal muscles. 

The ventral or sternal extremity of a rib is 
flat, and presents a porous, oval depression 
into which the costal cartilage is received. 


PECULIAR RIBS 


The first, second, tenth. eleventh, and 
twelfth ribs present certain variations from 
the common characteristics described above, 
and require special consideration. 

The first rib (Fig. 4-56) is the most curved 
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Fig. 4-55. A typical central rib from the left side viewed from behind. Observe that the vertebral extremity at the 
head end of the rib contains a large inferior facet for the numerically corresponding vertebra and a smaller facet for 
the adjacent vertebra above. Between them is the interarticular crest which attaches to the intervertebral disc. 


and usually the shortest of all the ribs. It is 
broad and flat, its surfaces face cranially and 
caudally, and its borders internally and ex- 
ternally. The rounded head is small, and 
possesses only a single articular facet by 
which it articulates with the body of the first 
thoracic vertebra. The neck is narrow and 
also rounded, while the tubercle, thick and 
prominent, is placed on the outer border. 
There is no angle, but at the tubercle the rib 
is Slightly bent, presenting a cranial convex- 
ity. The superior surface of the body is 


marked by two shallow grooves, separated 
from each other by a slight ridge prolonged 
internally as the scalene tubercle, onto 
which attaches the scalenus anterior muscle. 
The ventral groove transmits the subclavian 
vein; the dorsal groove, the subclavian ar- 
tery and the inferior trunk of the brachial 
plexus (Fig. 4-56). Beyond the dorsal groove 
is a rough area for the insertion of the 
scalenus medius. The caudal surface is 
smooth, and has no costal groove. The outer 
border is convex, thick, and rounded, and at 
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Fic. 4-56. The right first rib viewed from above. Observe the large tubercle below the rib head and the scalene 


tubercle accentuating the shaft. 


Fic. 4-57. The right second rib viewed from above. Note the small tubercle, the slight angle nearby, and the tuberosity 


for serratus anterior. 
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iis dorsal part gives origin to the first 
digitation of the serratus anterior. The inner 
border is concave, thin, sharp, and marked 
near its center by the scalene tubercle al- 
ready described. The anterior (sternal) ex- 
tremity is larger and thicker than that of any 
other rib and gives origin to the subclavius 
muscle. 

The second rib (Fig. 4-57) is considerably 
longer than the first, but has a similar curva- 
ture. The nonarticular portion of the tuber- 
cle is small and the angle, situated close to 
the tubercle, is slight. The body shaft of the 
rib is not twisted, so that both ends touch 
any plane surface upon which it may be 
laid. The shaft is not flattened horizontally 
like that of the first rib, but proceeding ven- 
trally from the tubercle, there is a cranial 
convexity, which is smaller than that seen in 
the first rib. Near the middle of its outer sur- 
face is the roughened tuberosity of the sec- 
ond rib, on which arises part of the first and 
the whole of the second digitation of the ser- 
ratus anterior. Extending dorsally from the 
tuberosity is tne insertion of the scalenus 
posterior. The internal surface is smooth and 
concave, and on its posterior part there is a 
short costal groove. 

The tenth rib (Fig. 4-58) usually has only a 
single articular facet on its head for articula- 
tion with the body of the tenth thoracic ver- 
tebra. 

The eleventh and twelfth ribs (Figs. 4-59: 
4-60) each have a large single articular facet 






Single articular facet ~ SS 


Single articular facet 


on the rib head for articulation with the cen- 
trum of their respective vertebra. These two 
ribs have no necks or tubercles, and are nar- 
row or pointed at their anterior ends. The 
eleventh has a slight angle and a shallow 
costal groove, but the twelfth has neither. It 
is much shorter than the eleventh, and at 
times even shorter than the first. Its head is 
inclined slightly upward. 


COSTAL CARTILAGES 


The costal cartilages (cartilagines costales; 
Figs. 4-46; 4-49) are bars of hyaline cartilage 
which prolong the ribs ventrally, and which 
render the chest wall a more elastic nature in 
order to accommodate, among other things, 
the movements of respiration. The first 
seven pairs are connected with the sternum: 
the next three each articulate with the lower 
border of the cartilage of the preceding rib; 
the last two have pointed anterior extremi- 
ties which end in the musculature of the 
abdominal wall. They increase in length 
from the first to the seventh, then gradually 
decrease to the twelfth. Their breadth di- 
minishes from the first to the last, as do the 
intercostal spaces between them. The first 
two are the same breadth throughout their 
extent, while the third, fourth, and fifth are 
broader at their lateral attachments to the 
ribs than at their sternal ends. The sixth, sev- 
enth, and eighth are enlarged where their 
margins are in contact. The cartilages also 
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Fics. 4-58to0 4-60. Peculiar or atypical ribs. Each has but a single facet on its rib head. The eleventh and twelfth have 
no neck or tubercle, and the twelfth has no angle or costal groove. 


vary in their orientation; the first three are 
horizontal, the others angular. Each costal 
cartilage presents two surfaces, two borders, 
and two extremities. 

The ventral surface of the first cartilage 
gives attachment to the costoclavicular liga- 
ment and the subclavius muscle. The sternal 
ends of the first six or seven cartilages give 
origin to the pectoralis major (Fig. 4-49). The 
lower costal cartilages are covered by, and 
give partial attachment to, some of the flat 
muscles of the abdomen. The dorsal surface 
of the first cartilage gives attachment to the 
sternothyroid muscle, those of the third to 
the sixth inclusive to the transversus tho- 
racis, and the last six or seven to the trans- 
versus abdominis and diaphragm. 

The superior borders are concave while 
the inferior borders are convex. They afford 
attachment to the internal intercostal mus- 
cles along with the external intercostal 
membranes. Generally, the upper aspect of 
the fifth and sixth cartilages also give origin 
to some fibers of the pectoralis major. The 
inferior borders of the sixth, seventh, eighth, 
and ninth cartilages present heel-like pro- 
jections at their points of greatest convexity. 
These projections bear smooth oblong facets 
which articulate with facets on slight projec- 
tions from the superior borders of the sev- 
enth, eighth, ninth, and tenth cartilages, re- 
spectively. 

EXTREMITIES. The lateral end of each car- 
tilage is continuous with the osseous tissue 
of its corresponding rib. -The medial end of 
the first is continuous with the sternum, 
while the rounded medial ends of the six 
succeeding ones are received into shallow 
concavities on the lateral margins of the ster- 
num (Fig. 4-51). The medial ends of the 
eighth, ninth, and tenth costal cartilages are 
more pointed, and each is connected with 
the cartilage immediately above. Those of 
the eleventh and twelfth are pointed and 
free. In old age the costal cartilages are 
prone to lose some of their elasticity and 
undergo superficial ossification. 





STRUCTURE. The ribs consist of highly vascular 
cancellous bone enclosed in a thin layer of compact 
bone. 


OSSIFICATION. Cartilaginous models of the ribs 
are seen in the eight-week-old fetus. At about this 
time a primary ossification center develops near the 
angle of the rib shaft. Generally this is seen first in 
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the sixth and seventh ribs. Three additional epiphys- 
eal centers, one for the head and one each for the 
articular and nonarticular parts of the tubercle, de- 
velop postnatally. The epiphyses for the head and 
tubercle make their appearance between the six- 
teenth and twentieth years, and are united to the 
body about the twenty-fifth year. The first rib has 
only three ossification centers, a primary center for 
the shaft and one secondary center for the rib head 
and only one for the tubercle. The eleventh and 
twelfth ribs each have only two centers, those for the 
tubercles being wanting. 


VARIATIONS AND CLINICAL INTEREST. Cervical 
ribs derived from the costal process of the seventh 
cervical vertebra (Fig. 4-8) are not infrequent (about 
1%) and are important clinically because they may 
give rise to neural and vascular symptoms. The cer- 
vical rib may be a mere epiphysis articulating only 
with the transverse process of the vertebra, but more 
commonly it consists of a defined head, neck, and 
tubercle, with or without a body. It extends laterally 
into the posterior triangle of the neck where it may 
terminate freely or join the first thoracic rib, the first 
costal cartilage, or even the sternum. It may vary 
much in shape, size, direction, and mobility. If a cer- 
vical rib reaches far enough ventrally, the roots or 
trunks of the brachial plexus and the subclavian ar- 
tery and vein cross over it and are apt to be com- 
pressed. Pressure on the artery may obstruct the cir- 
culation while pressure on the nerves, especially the 
lower trunk of the brachial plexus (eighth cervical 
and first thoracic), may cause paralysis, pain, and 
paresthesia. 

The thorax is frequently altered in shape by cer- 
tain diseases. Rickets causes the ends of the ribs to 
become enlarged where they join the costal carti- 
lages, giving rise to the so-called ‘‘rachitic rosary,” 
which in mild cases is only found on the internal 
Surface of the thorax. Lateral to these bead-like en- 
largements, the softened ribs are depressed, leaving 
a groove along each side of the sternum, which in 
turn is forced outward by the bending of the ribs, 
thereby increasing the dorsoventral diameter of the 
chest. The ribs so affected are the second to the 
eighth. Those below are prevented from being de- 
pressed by the underlying abdominal organs. Since 
liver and spleen enlargement frequently occurs in 
rickets, the abdomen becomes distended and the 
lower ribs may be pushed anteriorly, causing a 
transverse groove just above the costal arch. This 
deformity or forward projection of the sternum, 
often asymmetrical, is known as pigeon breast, and 
may be taken as evidence of active or old rickets 
except in cases of primary spinal curvature. 

An opposite condition known as funnel breast 
occurs in some rachitic children or adults, and also 
in others who give no further evidence of having had 
rickets. The lower part of the sternum is deeply de- 
pressed backward, producing an oval hollow in the 
lower sternal and upper epigastric regions. This does 
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not appear to produce disturbances in vital func- 
tions. 

The flattened phthisical chest, sometimes seen in 
pulmonary tuberculosis, is long and narrow, pre- 
senting a great obliquity of the ribs and projection of 
the scapulae. Contrastingly, the barrel chest of pul- 
monary emphysema ts enlarged in all its diameters, 
and presents on section an almost circular outline. 

In severe cases of scoltosts, or lateral curvature of 
the vertebral column, the thorax becomes much dis- 
torted. Due to rotation of the vertebral bodies, the 
ribs opposite the convexity of the dorsal curve be- 
come extremely convex behind. This distortion re- 
sults in a bulging of the ribs posteriorly and a flatten- 
ing anteriorly, so that the two ends of the same rib 
are almost parallel. Coincidentally, the ribs on the 
opposite side, i.e., on the concavity of the curve, are 
sunken and depressed behind, and bulging and con- 
vex in front. 


THE SKULL 


The skull, or bony framework of the head, 
presents by far the most complex skeletal 
anatomy of the body. Lodging and protecting 
the vitally required brain with its equally 
important vasculature, the human head, as 
in other vertebrates, contains organs housing 
the special senses of sight, hearing, balance, 
taste, and smell, as well as structures in the 
mouth and nasal cavity related to the spe- 
cialized life-maintaining mechanisms of 
feeding, respiration, and communication. 
The fact that food is ingested into the oral 
cavity, and that this entrance to the digestive 
tract is located conveniently close to visual, 
auditory, and olfactory receptors, and to the 
brain itself, is probably more than coinci- 
dental. 

The bones of the head may be divided into 
two types: (1) those of the cranium, which 
enclose the brain and consist of eight bones, 
and (2) those of the skeleton of the face, 
numbering fourteen bones. For the most part 
the bones are either flat or irregular and, 
except for the mandible, are joined to each 
other by immovable articulations called su- 
tures. Prior to describing the characteristics 
of each separate bone, important features of 
the anatomy of the skull as a whole will be 
outlined. The exterior of the skull may be 
viewed from above (norma verticalis); from 
the side (norma lateralis); toward the face 
(norma frontalis); from the back (norma 
occipitalis); and from below (norma bas- 
alis). 


Exterior of the Skull 


NORMA VERTICALIS 


The skull cap or calvaria, viewed from 
above, varies greatly in different skulls. In 
some skulls its shape is more or less oval, in 
others more nearly circular. It is traversed 
by three sutures: (1) the coronal suture, 
nearly transverse in direction, between the 
frontal and parietal bones; (2) the sagittal 
suture, placed in the midline, between the 
two parietal bones, and (3) the upper part of 
the lambdoidal suture, separating the pa- 
rietals and the occipital. The point of 
junction of the sagittal and coronal sutures is 
named the bregma, and the junction of the 
sagittal and lambdoid sutures is called the 
lambda. In the adult skull, these two sites 
indicate the positions of the anterior and 
posterior fontanelles, or the so-called soft 
spots in the skull of an infant. On each side 
of the sagittal suture are the parietal emi- 
nences where the smooth, rounded surface 
of the parietal bones is maximally convex. 
Lateral to the sagittal suture and anterior to 
the lambda may be found, on one or both 
sides, the parietal foramen, through which 
courses a small emissary vein. A cranio- 
metric term. obelion, is applied to that point 
on the sagittal suture at the level of the pari- 
etal foramina, while the vertex, near the 
middle of the sagittal suture, is the topmost 
point of the skull. Anteriorly, the frontal 
eminences form the two prominences of the 
forehead. Below these is a smooth promi- 
nence above the root of the nose, the glabella, 
on each side of which are the two super- 
ciliary arches. Immediately above the gla- 
bella. in a small percentage of skulls, a 
frontal suture persists and extends along the 
midline to the bregma. 


NORMA LATERALIS (Fig. 4-61) 


Both cranial and facial bones of the skull 
can be inspected from the lateral aspect. Vis- 
ible are the frontal, parietal. occipital. tem- 
poral, and zygomatic bones. as well as the 
great wing of the sphenoid. the orbital lam- 
ina of the ethmoid, and the lacrimal. nasal. 
and maxillary bones. The mandible also can 
be seen, but its description here is omitted. 
The following sutures can be observed from 
a lateral view: temporozygomatic, frontozy- 
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Fic. 4-61. Side view of the skull. (Norma lateralis.) 


gomatic, squamosal, zygomaticomaxillary, 
and surrounding the great wing of the sphe- 
noid—the sphenofrontal, sphenoparietal, 
and sphenosquamosal sutures. Addition- 
ally, several sutures on the medial aspect of 
the orbit between the lacrimal, ethmoid, 
maxillary, and frontal bones can be seen, as 
well as those sutures that extend laterally 
from above. Near the posterior base of the 
skull is the occipitomastoid suture joining 
the occipital and temporal bones. The 
sphenoparietal suture varies in length in dif- 
ferent skulls, and is absent when the frontal 
bone articulates with the temporal squama. 
The point corresponding with the posterior 
end of the sphenoparietal suture is named 
the pterion. It is situated about 4cm above 
the zygomatic arch and about 3 cm posterior 
to the frontozygomatic suture. The pterion 
overlies the anterior division of the middle 
meningeal artery. 

The squamosal suture arches posteriorly 
from the pterion and lies between the tem- 


poral squama and the inferior border of the 
parietal. This suture is continuous posteri- 
orly with the short, nearly horizontal parie- 
tomastoid suture, which unites the mastoid 
process of the temporal with the parietal 
bone at its mastoid angle. 

Extending across the cranium are the cor- 
onal and lambdoidal sutures, of which the 
latter is continuous with the occipitomastoid 
suture. The mastoid foramen, which trans- 
mits an emissary vein, lies in or near the oc- 
cipitomastoid suture. The meeting point of 
the parietomastoid, occipitomastoid, and 
lambdoidal sutures is known as the asterion. 
Arching across the side of the cranium are 
the temporal lines (Fig. 4-61), which mark 
the superior limit of the temporal fossa. 

The temporal fossa (fossa temporalis) is a 
region on the lateral aspect of the skull occu- 
pied by the temporalis muscle which arises 
from the cranium as far superiorly as the 
temporal lines (Fig. 4-61). Extending from 
the zygomatic process of the frontal bone 
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anteriorly, these two lines cross the frontal 
and parietal bones. Behind, they then curve 
anteriorly to become continuous with the 
supramastoid crest and the posterior root of 
the zygomatic arch. The craniometric term 
stephanion refers to the point where the su- 
perior temporal line cuts the coronal suture. 
The inferior temporal line lies somewhat 
below the superior. The temporal fossa is 
bounded anteriorly by the frontal and zygo- 
matic bones. Inferiorly, it is separated from 
the infratemporal fossa by the infratemporal 
crest on the great wing of the sphenoid (Fig. 
4-62), and by a ridge, continuous with this 
crest, which is carried posteriorly across the 
temporal squama to the anterior root of the 
zygomatic process. Laterally the temporal 
fossa is limited by the zygomatic arch. The 
fossa communicates with the orbital cavity 
through the inferior orbital fissure and, in- 
feriorly, the temporal fossa is directly con- 
tinuous with the infratemporal fossa. The 
floor of the fossa is deeply concave anteri- 
orly and convex behind, and is formed by 
the zygomatic, frontal, parietal, sphenoid, 
and temporal bones. The temporal fossa 
contains the temporalis muscle and its ves- 
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sels and nerves, together with the zygo- 
maticotemporal nerve. The muscle descends 
to its insertion on the coronoid process of 
the mandible medial to the zygomatic arch. 
The zygomatic arch is formed by the zygo- 
matic process of the temporal bone and the 
temporal process of the zygomatic bone, the 
two being united by an oblique suture. The 
arch can easily be felt, extending anteriorly 
from the external auditory meatus. At its 
junctions with the squamous part of the tem- 
poral bone, the zygomatic process broadens 
into two bony ridges or roots. An anterior 
root is directed medially to the mandibular 
fossa, where it expands to form the articular 
tubercle. The posterior root expands posteri- 
orly above the external acoustic meatus and 
is continuous with the supramastoid crest. 
The superior border of the zygomatic arch 
gives attachment to the temporal fascia, 
while the inferior border and medial surface 
give origin to the masseter muscle. 
Between the posterior root of the zygo- 
matic arch and the mastoid process is the el- 
liptical orifice of the external acoustic mea- 
tus (Fig. 4-62). The opening is principally 
bounded by the tympanic part of the tempo- 
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ral bone, although its superior margin is 
formed by the squamous part of the tempo- 
ral bone. The cartilaginous segment of the 
external auditory canal is fixed to this 
roughened outer bony margin. The small tri- 
angular area between the posterior root of 
the zygomatic arch and the posterosuperior 
part of the orifice is termed the suprameatal 
triangle, on the anterior border of which is 
sometimes seen a small spinous process, the 
suprameatal spine. Deep to this triangular 
area lies the mastoid antrum of the middle 
ear. Between the tympanic part of the tem- 
poral bone and the articular tubercle lies the 
mandibular fossa, which is divided into two 
parts by the petrotympanic fissure. The an- 
terior and larger part of the fossa receives 
the condyle of the mandible, while the pos- 
terior part is nonarticular and sometimes 
lodges a portion of the parotid gland. The 
delicate and pointed styloid process extends 
downward and forward for a distance of 2.5 
to 3.0 cm from the undersurface of the tem- 
poral bone inferior to the external acoustic 
meatus. It gives attachment to the stylo- 
glossus, stylohyoid, and stylopharyngeus 
muscles and to the stylohyoid and styloman- 
dibular ligaments. Posterior to the external 
acoustic meatus is the mastoid process, to 
the outer surface of which are inserted the 
sternocleidomastoideus, splenius capitis, 
and longissimus capitis. The posterior belly 
of the digastric muscle arises from the mas- 
toid notch, which grooves the medial aspect 
of the process. ; 

The infratemporal fossa (fossa infratem- 
poralis; Fig. 4-62) is an irregularly shaped 
Cavity situated below and medial to the zy- 
gomatic arch. It is bounded in front by the 
infratemporal surface of the maxilla; behind 
by the articular tubercle of the temporal 
bone and the spine of the sphenoid bone; 
above by the great wing of the sphenoid and 
by the undersurface of the temporal squama; 
below by the alveolar border of the maxilla: 
medially by the lateral pterygoid plate of the 
sphenoid; and laterally by the zygomatic 
arch. It contains part of the temporalis and 
the medial and lateral pterygoid muscles, the 
maxillary vessels, the mandibular and max- 
illary nerves, and the pterygoid plexus of 
veins. The foramen ovale and foramen spi- 
nosum open into it from above, while the 
alveolar canals open on its anterior wall. At 
its superior and medial part are two fissures 
which meet at right angles, the horizontal 
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limb being named the inferior orbital fis- 
sure, and the vertical limb the pterygomaxil- 
lary fissure. 

The inferior orbital fissure (fissura or- 
bitalis inferior) opens into the posterolat- 
eral part of the orbit (Figs. 4-61, 4-62). It is 
bounded above by the inferior border of the 
orbital surface of the great wing of the sphe- 
noid; below by the lateral border of the or- 
bital surface of the maxilla and the orbital 
process of the palatine bone; laterally by a 
small part of the zygomatic bone; and medi- 
ally it joins the ptergyomaxillary fissure at 
right angles. Through the inferior orbital fis- 
sure, the orbit communicates with the tem- 
poral, infratemporal, and pterygopalatine 
fossae. It transmits the maxillary nerve, its 
zygomatic branch, ascending branches from 
the pterygopalatine ganglion, the infraor- 
bital vessels, and the clinically important 
vein that connects the inferior ophthalmic 
vein with the pterygoid venous plexus. 

The pterygomaxillary fissure is oriented 
vertically and descends at right angles from 
the medial end of the inferior orbital fissure 
(Fig. 4-61). It is a triangular interval, formed 
by the divergence of the maxilla from the 
pterygoid process of the sphenoid. It con- 
nects the infratemporal fossa with the ptery- 
gopalatine fossa, and transmits the terminal 
part of the maxillary artery and veins. 

The pterygopalatine fossa (fossa pterygo- 
palatina; Fig. 4-63) is a small cone-shaped or 
pyramidal region at the junction of the infe- 
rior orbital and pterygomaxillary fissures. It 
lies just beneath the apex of the orbit and is 
bounded above by the inferior surface of the 
body of the sphenoid bone and the orbital 
process of the palatine bone; in front by the 
infratemporal surface of the maxilla; behind 
by the base of the pterygoid process and the 
lower part of the anterior surface of the 
sphenoid bone; and medially by the perpen- 
dicular plate of the palatine bone. This fossa 
communicates with the orbit through the in- 
ferior orbital fissure, with the nasal cavity 
by the sphenopalatine foramen, and with the 
infratemporal fossa by way of the pterygo- 
maxillary fissure. Additionally, the pterygo- 
palatine fossa communicates with the cra- 
nial cavity by way of the pterygoid canal, 
which extends to the foramen lacerum, and 
with the roof of the oral cavity through the 
pterygopalatine canal. Of these five commu- 
nicating foramina, the inferior orbital fis- 
sure opens anteriorly into the fossa while the 
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foramen rotundum and pterygoid canal are 
posterior. On the medial wall is the spheno- 
palatine foramen and below is found the 
pterygopalatine canal. The fossa contains 
the maxillary nerve, the pterygopalatine 
ganglion, and the terminal part of the maxil- 
lary artery. 


NORMA FRONTALIS (Fig. 4-64) 


The facial aspect of the skull is outlined 
by the frontal bone superiorly, below which 
are the nasal bones, maxilla, and body of the 
mandible medially, and the zygomatic bones 
and rami of the mandible laterally. The fron- 
tal eminences stand out more or less promi- 
nently above the superciliary arches, which 
merge into one another at the glabella. 
Below the glabella is the frontonasal suture, 
the midpoint of which is termed the nasion. 
Lateral to the frontonasal suture and at the 
medial margin of the orbit, the frontal bone 
articulates with the frontal process of the 
maxilla and with the lacrimal. Below the 
superciliary arches, the superior part of the 
orbital margin is thin and prominent in its 
lateral two-thirds, but rounded and more 
massive in its medial third. At the junction 
of these two portions is the supraorbital fo- 
ramen or notch for the supraorbital nerve 
and vessels. The supraorbital margin ends 
laterally in the zygomatic process of the 
frontal bone (Fig. 4-65), which articulates 
with the zygomatic bone. Below the fronto- 


nasal suture is the bridge of the nose, formed 
by the two nasal bones supported posteri- 
orly in the midline by the perpendicular 
plate of the ethmoid, and laterally by the 
frontal processes of the maxillae, which 
form the lower and medial part of the mar- 
gin of each orbit. The bony anterior nasal 
aperture is bounded by the sharp margins of 
the nasal and maxillary bones. The lateral 
and alar cartilages of the nose are attached 
to the lateral nasal margins, while the infe- 
rior margins are thicker and end in the ante- 
rior nasal spine medially. The bony septum 
that separates the nasal cavity in the midline 
shows a large triangular deficiency in the 
bone anteriorly. This is filled by septal carti- 
lage in the intact body. On the lateral wall of 
each nasal cavity the anterior part of the in- 
ferior nasal concha is visible. 

Below and on cach side of the pear-shaped 
aperture of the nose are the maxillae, which 
articulate in the midline and form much of 
the anterior bony substructure of the face. 
The anterior surface of the maxilla is perfo- 
rated near the inferior margin of the orbit by 
the infraorbital foramen for the passage of 
the infraorbital nerve and vessels. Inferiorly, 
the alveolar process of each maxilla con- 
tains the osseous sockets for the upper teeth. 
The vertical ridges formed by the roots of 
the teeth are clearly visible, and that of the 
canine tooth, the canine eminence, is the 
most prominent. 

The zygomatic bone forms the promi- 
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nence of the cheek, the inferior and lateral 
portion of the orbital cavity, and the anterior 
part of the zygomatic arch. On the face it 
articulates medially with the maxilla, supe- 
riorly with the zygomatic process of the 
frontal bone, and laterally with the zygo- 
matic process of the temporal bone. The zy- 
gomatic bone is perforated by the zygo- 
maticofacial foramen for the passage of the 
zygomaticofacial nerve. 

The maxillae rest on the mandible, or 
lower Jaw, which extends from a character- 
istically human bony landmark, the chin or 
mental protuberance on the mandibular 
body, to the mandibular fossae laterally, 
where the mandibular rami articulate with 
the temporal bones. Lateral to the mental 
protuberance are the mental tubercles. The 
superior or alveolar border contains the 


sockets for the lower teeth. Below the incisor 
teeth is the incisive fossa, and inferior to the 
second premolar tooth is the mental fora- 
men, which transmits the mental nerve and 
vessels. An oblique line courses posteriorly 
from the mental tubercle and becomes con- 
tinuous with the anterior border of the 
ramus. The posterior border of the ramus is 
directed downward and forward from the 
condyle to the angle. The latter frequently is 
more or less everted. 


THE ORBITS (orbitae; Fig. 4-65) 


The orbits are conical cavities which con- 
tain the eyeballs and their associated struc- 
tures and are so placed that their medial 
walls are approximately parallel with each 
other and with the midline, but their lateral 
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walls are widely divergent. Thus. the longi- 
tudinal axes of the two orbits diverge widely 
anteriorly. but if prolonged posteriorly. they 
would cross dorsal to the body of the sphe- 
noid bone near the center of the base of the 
skull. It is customary to describe the orbits in 
terms of a roof. a floor. a medial wall. a lat- 
eral wall. a base. and an apex. 

The roof of the orbit (see Fig. 4-191). which 
separates the orbital contents from the over- 
lying frontal lobes of the brain. is formed by 
the thin orbital plate of the frontal bone and 
the lesser wing of the sphenoid bone. The 
orbital surface of this plate presents medi- 
ally the trochlear fovea for the attachment of 
the cartilaginous pulley of the obliquus su- 
perior oculi laterally. Anterolaterally is lo- 
cated the deep lacrimal fossa for the orbital 
part of the lacrimal gland. The posterior end 
of the orbital roof is marked by the spheno- 
frontal suture. 

The floor of the orbit (Fig. 4-66) is formed 
chiefly bv the orbital surface of the maxilla. 


but also by the orbital process of the zygo- 
matic bone. and to a small extent by the or- 
bital process of the palatine. Near the orbital 
margin medially is the lacrimal sulcus for 
the nasolacrimal canal, and just lateral to 
this a small depression for the origin of the 
obliquus inferior oculi. Located laterally is 
the maxillozvgomatic suture. and at its pos- 
terior part is the suture between the maxilla 
and the orbital process of the palatine 
(palatomaxillary suture). Near the middle of 
the floor is the infraorbital groove, which 
leads anteriorly into the infraorbital canal 
and transmits the infraorbital nerve and ves- 
sels to the anterior aspect of the face. 

The medial wall (Fig. 4-67) is delicate and 
oriented nearly vertically. It is formed by the 
frontal process of the maxilla. the lacrimal 
bone. the lamina orbitalis of the ethmoid. 
and a small part of the body of the sphenoid. 
Anteriorly. the lacrimal fossa is a hollow 
region between the lacrimal bone and the 
frontal process of the maxilla. It lodges the 
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lacrimal sac and is limited behind by the 
posterior lacrimal crest, from which the lac- 
rimal part of the orbicularis oculi arises. The 
medial wall contains three vertical sutures: 
the lacrimomaxillary, lacrimoethmoidal, 
and sphenoethmoidal. At the junction of the 
medial wall and the roof are the fronto- 
maxillary, frontolacrimal, frontoethmoidal, 
and sphenofrontal sutures. The point of 
junction of the anterior border of the lacri- 
mal with the frontal is named the dacryon. 
In the frontoethmoidal suture are the ante- 
rior and posterior ethmoidal foramina, the 
former transmitting the anterior ethmoidal 
vessels and nerve, and the latter the poste- 
rior ethmoidal vessels and nerve. The nerves 
are branches of the nasociliary while the 
vessels are branches of the ophthalmic. 
The lateral wall of the orbit (Fig. 4-63) is 
directed forward and medially and_ is 
formed by the orbital process of the zygo- 
matic bone and the orbital surface of the 
great wing of the sphenoid. These two bones 


articulate at the sphenozygomatic suture, 
which terminates at the anterior end of the 
inferior orbital fissure. Between the roof and 
the lateral wall, near the apex of the orbit, is 
the superior orbital fissure. Communicating 
with the cranial cavity, this fissure transmits 
the oculomotor, trochlear, ophthalmic divi- 
sion of the trigeminal, and abducent nerves 
to the orbit. Also entering the orbit through 
the superior orbital fissure are sympathetic 
nerve filaments from the cavernous plexus 
as well as the orbital branches of the middle 
meningeal artery. Leaving through the fis- 
sure for the cranial cavity are the superior 
ophthalmic vein and the recurrent branch 
from the lacrimal artery to the dura mater. 
The lateral wall and the orbital floor are sep- 
arated posteriorly by the inferior orbital fis- 
sure. 

The base of the orbit is its anterior end; it 
is formed by the orbital margin, and has al- 
ready been described. The apex is situated 
at the back of the orbit and corresponds to 
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Fic. 4-67. Medial wall of left orbit. In this dissection the lateral wall of the left orbit has been removed in order to 
expose the media] wall, and the left maxillary sinus has been opened from the lateral aspect. Note that the medial wal] 
of the orbit is formed by the maxilla, lacrimal, ethmoid, and, most posteriorly, the sphenoid bone. The ethmoid bone is 


shown in red, the palatine bone in blue. 


the optic foramen, a short, cylindrical canal, 
which transmits the optic nerve and oph- 
thalmic artery. 

Ten openings communicate with each 
orbit: the optic foramen, superior and infe- 
rior orbital fissures, supraorbital foramen, 
infraorbital canal, anterior and _ posterior 
ethmoidal foramina, zygomaticofacial and 
zygomaticotemporal foramina, and the canal 
for the nasolacrimal duct. 


NORMA OCCIPITALIS 


When viewed from behind the cranium 
presents a circular, dome-like shape, except 
at its base, which is flattened. In the midline 
is observed the posterior continuation of the 
sagittal suture, which extends between the 
parietal bones to the deeply serrated lamb- 
doidal suture. The latter lies between the 
parietal bones and the occipital and contin- 


ues laterally into the parietomastoid and oc- 
cipitomastoid sutures. Frequently, one or 
more sutural bones, such as an interparietal 
(inca) bone, may be interposed between the 
parietal and occipital bones. Near the mid- 
dle of the occipital squama is the external 
occipital protuberance, and extending later- 
ally from it on each side is the superior nu- 
chal line. Also seen is the more faintly 
marked highest nuchal line, which extends 
laterally about 1cm above the superior. If 
the skull is slightly elevated, the inferior 
nuchal line comes into view coursing later- 
ally below the superior line. The inion is a 
craniometric term applying to the midline 
point on the external occipital protuberance. 
Descending from the inion to the foramen 
magnum is a bony ridge, the external occipi- 
tal crest, which affords attachment to the lig- 
amentum nuchae. Laterally and somewhat 
anteriorly on each side can be seen the mas- 
toid process of the temporal bone, and near 


the occipitomastoid suture is the mastoid 
foramen through which passes the mastoid 
emissary vein. 


NORMA BASALIS (Figs. 4-68; 4-69) 


With the mandible removed, the inferior 
surface of the base of the skull is formed by 
the palatine processes of the maxillae, the 
horizontal plates of the palatine bones, the 
vomer, the pterygoid processes, the inferior 
surfaces of the great wings, the spinous proc- 
esses and part of the body of the sphenoid, 
the inferior surfaces of the squamae and pet- 
rous portions of the temporals, and the infe- 
rior surface of the occipital bone. 

The anterior part of the normal basalis 
projects downward beyond the level of the 
rest of the basal surface and is formed prin- 
cipally by the hard palate. The bony palate 
is bounded anteriorly and laterally by the 
alveolar arch containing the sixteen teeth of 
the maxillae. Just behind the incisor teeth is 
found the incisive fossa. Within the fossa 
are two lateral incisive foramina (foramina 
of Stenson) which continue as the incisive 
canals and transmit the terminal branches of 
the greater palatine vessels and the nasopal- 
atine nerves from the nasal cavity. Occasion- 
ally two other median incisive foramina (fo- 
ramina of Scarpa) are found. When present 
they transmit the nasopalatine nerves. The 
vault of the hard palate is marked by depres- 
sions for the palatine glands. It is traversed 
by a cruciate suture formed by the junction 
of the two palatine processes of the maxillae 
and the two horizontal plates of the palatine 
bones of which it is composed. At either 
posterior angle of the hard palate is the 
greater palatine foramen, for the transmis- 
sion of the greater palatine vessels and 
nerve, which descend in the greater palatine 
canal from the pterygopalatine fossa. Poste- 
rior to the foramen is the pyramidal process 
of the palatine bone, perforated by one or 
more lesser palatine foramina through 
which course the lesser palatine vessels and 
nerve to the soft palate. At this site also is 
observed a transverse ridge for the attach- 
ment of the tendinous expansion of the ten- 
sor veli palatini muscle. Projecting back- 
ward from the center of the posterior border 
of the hard palate is the posterior nasal 
spine, on which attaches the musculus 
uvulae. 

The middle part of the norma_ basalis 
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commences just behind the hard palate and 
extends to the level of the anterior border of 
the foramen magnum. Just behind the hard 
palate are the choanae or posterior openings 
into the nasal cavities. They are separated by 
the vomer, and each is bounded above by 
the body of the sphenoid, below by the hori- 
zontal part of the palatine bone, and later- 
ally by the medial pterygoid plate of the 
sphenoid. At the superior border of the 
vomer, the expanded alae of this bone re- 
ceive between them the rostrum of the sphe- 
noid. The medial pterygoid plate is long and 
narrow; on the lateral side of its base is the 
scaphoid fossa, for the origin of the tensor 
veli palatini muscle, and at its lower extrem- 
ity the pterygoid hamulus, around which the 
tendon of this muscle turns. The lateral pter- 
ygoid plate is broad; its lateral surface forms 
the medial boundary of the infratemporal 
fossa, and affords attachment to the ptery- 
goideus lateralis muscle. 

Posterior to the vomer is the basilar por- 
tion of the occipital bone, presenting near its 
center the pharyngeal tubercle for the at- 
tachment of the fibrous raphe of the phar- 
ynx, with depressions on each side for the 
insertions of the rectus capitis anterior and 
longus capitis. At the base of the lateral pter- 
ygoid plate is the foramen ovale, through 
which passes the mandibular nerve and the 
accessory meningeal artery. Lateral to this is 
the prominent sphenoidal spine, which 
gives attachment to the sphenomandibular 
ligament and the tensor veli palatini. Poste- 
rior and somewhat lateral to the foramen 
ovale is the foramen spinosum, which trans- 
mits the middle meningeal vessels and a 
small meningeal branch of the mandibular 
nerve. Lateral to the sphenoidal spine is 
the mandibular fossa, which is divided into 
two parts by the petrotympanic fissure. The 
anterior portion—concave, smooth, and 
bounded in front by the articular tubercle— 
articulates with the condyle of the mandible: 
the posterior portion is rough and bounded 
behind by the tympanic part of the temporal 
bone. 

Observable in a dried skull at the base of 
the medial pterygoid plate is an aperture, ir- 
regular in shape and variable in size, named 
the foramen lacerum. It is not a complete 
foramen in the intact body, because its infe- 
rior part is covered over by a fibrocartilagi- 
nous plate, across the superior (inner or cer- 
ebral) surface of which passes the internal 
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carotid artery. The foramen lacerum is 
bounded in front by the great wing of the 
sphenoid, behind by the apex of the petrous 
portion of the temporal bone, and medially 
by the body of the sphenoid and the basilar 
portion of the occipital bone. The inferior 
surface of the petrous temporal bone is 
pierced by the round opening of the carotid 
canal. The internal carotid artery, coursing 
within the canal, immediately takes a right- 
angle turn to reach the side of the foramen 
lacerum. At the upper end of the foramen 
lacerum the internal carotid artery enters 
the cranial cavity, taking an S-shaped course 
to achieve the undersurface of the brain. 
Lateral to the foramen lacerum is a groove, 
the sulcus tubae auditivae, between the pet- 
rous part of the temporal and the great wing 
of the sphenoid. This sulcus lodges the carti- 
laginous part of the auditory tube which is 
continuous with the bony part within the 
temporal bone. At the bottom of this sulcus 
is a narrow Cleft, the petrosphenoidal fis- 
sure. Near the apex of the petrous portion of 
the temporal bone, the quadrilateral rough 
surface affords attachment to the levator veli 
palatini, lateral to which is the orifice or en- 
trance of the carotid canal. 

The posterior part of the norma basalis is 
formed principally by the occipital bone; 
however, laterally are the roughened, bony 
mastoid processes of the temporal bones. 
On the medial side of each mastoid process 
is the mastoid notch for the posterior belly 
of the digastricus, and medial to the notch is 
the occipital groove for the occipital artery. 
Medial and slightly anterior to the mastoid 
processes and emerging from between the 
laminae of the vaginal process of the tym- 
panic part of the temporal bone is the styloid 
process, at the base of which is the stylo- 
mastoid foramen. Through this foramen the 
facial nerve exits in its course toward the 
side of the face, and the stylomastoid artery 
enters to supply the tympanic cavity of the 
middle ear. Medial to the styloid process and 
posterior to the carotid canal is the jugular 
foramen, a large aperture, formed between 
the jugular fossa of the petrous portion of 
the temporal bone anteriorly, and the occipi- 
tal bone posteriorly. It is generally larger on 
the right than on the left side. and may be 
subdivided into three compartments. The 
anterior compartment transmits the inferior 
petrosal sinus; the intermediate, the glosso- 
pharyngeal, vagus, and accessory nerves; the 





Fic 468. The external surface of the left half of the 
base of the skull. (Norma basalis.) 


posterior, the sigmoid sinus which leads to 
the internal jugular vein, and some menin- 
geal branches from the occipital and ascend- 
ing pharyngeal arteries. Extending anteri- 
orly from the jugular foramen to the 
foramen lacerum is the petro-occipital fis- 
sure, occupied in the intact body by a plate 
of cartilage. 

Posterior to the basilar portion of the oc- 
cipital bone is the foramen magnum, 
bounded laterally by the occipital condyles, 
on the medial surfaces of which attach the 
alar ligaments. These condyles are oval in 
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Fic. 4-69. Key to Figure 4-68. 


shape and project inferiorly to articulate 
with the superior articular surfaces overly- 
ing the lateral masses of the atlas. Lateral to 
each condyle is the jugular process, to which 
attaches the rectus capitis lateralis muscle 
and the lateral atlanto-occipital ligament, 
which strengthens the atlanto-occipital ar- 
ticular capsules laterally. The foramen mag- 
num transmits the medulla oblongata and its 
membranes, the accessory nerves, the verte- 
bral arteries, the anterior and posterior spi- 
nal arteries, and the ligaments connecting 
the occipital bone with the axis. The mid- 


points on the anterior and posterior margins 
of the foramen are respectively termed the 
basion and the opisthion. 

The hypoglossal canal courses forward 
and laterally from a foramen on the inner 
aspect of the occipital bone within the cra- 
nium just above the foramen magnum to an 
opening that perforates the occipital bone 
externally at the lateral part of the base of 
the condyle. It transmits the hypoglossal 
nerve and a branch of the posterior menin- 
geal artery. Posterior to each condyle is the 
condyloid fossa, perforated on one or both 
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sides by the condyloid canal, for the trans- 
mission of a vein from the sigmoid sinus to 
the vertebral veins in the upper cervical re- 
gion. Posterior to the foramen magnum is the 
external occipital crest, ending superiorly at 
the external occipital protuberance. On ei- 
ther side are the superior and inferior nu- 
chal lines which, along with the surfaces of 
bone between them. are rough for the at- 
tachment of a number of muscles (see Figs. 
4-69; 4-85). 


Interior of the Skull 


The cranial cavity is formed by the fron- 
tal, ethmoid, sphenoid, temporal, parietal, 
and occipital bones. The internal surface of 
the floor of the cranial cavity, i.e., the base of 
the skull, is quite irregular in shape, but the 
inner surfaces of the bones forming the 
walls and roof of the cranial vault are 
smoother and encase the rounded hemi- 
spheres of the cerebrum and cerebellum. 
The capacity of the normal cranial cavity 
varies between 1300 and 1500 cc, and the 
weight of the brain in grams is approxi- 
mately the same as the figure for cranial ca- 
pacity expressed in cubic centimeters. The 
cranial cavity is lined by two fibrous layers 
or membranes: the periosteal layer, or endo- 
cranium, which is closely adherent to the 
bone, and the dura mater, which is looser 
and completely covers the brain in a sac-like 
fashion. The interior of the skull will be de- 
scribed in two sections: the inner surface of 
the skullcap or calvaria and the internal sur- 
face of the base of the skull. 


INNER SURFACE OF THE SKULLCAP 


Formed principally by the frontal and pa- 
rietal bones, the skullcap, or calvaria, also 
includes the upper parts of the squamae of 
the temporal and occipital bones laterally 
and posteriorly. Its inner surface is marked 
by depressions for the convolutions of the 
cerebrum, and by numerous furrows for the 
branches of the meningeal vessels. Along the 
midline is a longitudinal groove, narrow 
where it commences at the frontal crest, but 
broader posteriorly. It lodges the superior 
sagittal sinus, and its margins afford attach- 
ment to the falx cerebri. On each side of this 
groove are several granular foveolae or pits 
for the arachnoid granulations, and posteri- 
orly, the openings of the parietal foramina 


when these are present. The coronal and 
lambdoidal sutures can be seen crossing the 
inner surface of the calvaria transversely 
while the sagittal suture lies in the median 
plane between the parietal bones. 


INTERNAL OR SUPERIOR SURFACE OF THE 
BASE OF THE SKULL (Fig. 4-70) 


The superior surface of the base of the 
skull forms the floor of the cranial cavity and 
is divided into three fossae, called the ante- 
rior, middle, and posterior cranial fossae. 

ANTERIOR CRANIAL FOosSa (fossa cranli an- 
terior). The floor of the anterior cranial 
fossa, on which rest the frontal lobes of the 
brain, is formed by the orbital plates of the 
frontal, and cribriform plate of the ethmoid, 
and the small wings and anterior part of the 
body of the sphenoid. It is limited behind 
by the posterior borders of the small wings 
of the sphenoid and by the anterior margin 
of the chiasmatic groove. It is traversed by 
the frontoethmoidal, sphenoethmoidal, and 
sphenofrontal sutures. Its lateral portions or 
orbital plates are convex and form the bony 
roof of the orbital cavities. The middle por- 
tion, formed primarily by the ethmoid bone, 
overlies the nasal cavities. In the midline 
most anteriorly is the frontal crest (of the 
frontal bone) on which attaches the falx cer- 
ebri. Just behind this crest is the foramen 
cecum, which usually transmits a small vein 
from the nasal cavity to the superior sagittal 
sinus. The upward continuation of the per- 
pendicular plate of the ethmoid bone forms 
a midline bony crest, the crista galli, to 
which also attaches the falx cerebri. On both 
sides of the crista galli, the olfactory grooves 
of the cribriform plate support the olfactory 
bulbs. These grooves are perforated by fo- 
ramina for the transmission of the olfactory 
nerves and, more rostrally, by a slit for the 
nasociliary nerve (Fig. 4-70). In the lateral 
wall of the olfactory groove are the internal 
openings of the anterior and posterior eth- 
moidal foramina. The anterior transmits the 
anterior ethmoidal vessels and the nasociliary 
nerve; the posterior ethmoidal foramen 
opens more caudally under cover of the pro- 
jecting lamina of the sphenoid, and trans- 
mits the posterior ethmoidal vessels and 
nerve. Behind the ethmoid bone are the eth- 
moidal spine of the sphenoid and the ante- 
rior margin of the chiasmatic groove. This 
groove courses laterally on each side to the 
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upper margin of the optic foramen. Through 
each optic foramen courses an optic nerve 
and ophthalmic artery. 

MIDDLE CRANIAL FOSSA (fossa cranii me- 
dia). The lateral parts of the middle cra- 
nial fossa are of considerable depth, and 
they support the temporal lobes of the brain. 


Foramen 
magnum 


IAL SKELETON 1/71 















Be a : 
aa Plate of Frontal 
oped. rie = Ose 





Bo SN ny alt 4; ee ous AZ , \ 
We Ui rae s, ( 
i 


4 iE 
Ley 
A” tS i : ae pe a ee a 


te i ih UP "Y) Cay 
<.. De, Coe 


Ce 
fy ERR 
NY NaS eS 
\ PY. Ae 
= | = re | ay 
Fa 


Nes: ys 2 
Ne iris APs as 5 
y; 
“ 


ne. - 










3 =~ os SS 


shosterien. 





Interior of base of the skull, showing the cranial fossae. 


More medially rests the hypothalamus and 
midbrain. On each side the middle fossa is 
bounded anteriorly by the posterior margins 
of the small wings of the sphenoid, the ante- 
rior clinoid processes, and the ridge forming 
the anterior margin of the chiasmatic groove; 
posteriorly, by the superior angles of the pet- 


ies 


rous portion of the temporals and the dor- 
sum sellae; Jaterally by the temporal 
squamae, sphenoidal angles of the parietals, 
and great wings of the sphenoid. The middle 
fossa on each side is traversed by the 
squamosal, sphenoparietal, sphenosquamo- 
sal and sphenopetrosal sutures. 

In the anterior part of the median region 
are the chiasmatic groove and tuberculum 
sellae. On each side the chiasmatic groove 
ends at the optic foramen, posterior to which 
extends the anterior clinoid process that 
gives attachment to the tentorium cerebelli. 
Behind the tuberculum sellae, the hypophy- 
seal fossa forms a deep depression in the 
sella turcica and lodges the hypophysis. A 
tubercle, the medial clinoid process, may be 
present on each side of the anterior wall of 
the sella turcica. The sella turcica is 
bounded posteriorly by a quadrilateral plate 
of bone, the dorsum sellae, the free angles of 
which are surmounted by the posterior 
clinoid processes. These afford attachment 
to the tentorium cerebelli, and below each is 
a notch for the abducent nerve. On each side 
of the sella turcica is the carotid groove, 
which is broad, shallow, and curved. The 
groove lodges the internal carotid artery and 
extends from the foramen lacerum to the 
medial side of the anterior clinoid process, 
where it is sometimes converted into a 
caroticoclinoid foramen by the union of the 
anterior with the medial clinoid process. 
The carotid groove also contains the cavern- 
ous sinus and may be bounded posterolater- 
ally by the lingula of the sphenoid. 

The bony lateral surface of the middle cra- 
nial fossa is traversed by furrows for the an- 
terior and posterior branches of the middle 
meningeal vessels. Commencing near the fo- 
ramen spinosum, the anterior furrow runs to 
the sphenoidal angle of the parietal, where it 
is sometimes converted into a bony canal: 
the posterior runs lateralward across the 
temporal squama, passing onto the parietal 
bone near the middle of its inferior border. 
The following apertures are also to be seen. 
Rostrally, the superior orbital fissure is 
bounded above by the small wing, below by 
the great wing, and medially by the body of 
the sphenoid; it is usually completed later- 
ally by the orbital plate of the frontal bone. 
The fissure transmits: (1) to the orbital cav- 
ity— the oculomotor, the trochlear, the oph- 
thalmic division of the trigeminal, and the 
alducent nerves, sympathetic nerve fibers 


from the cavernous plexus, and the orbital 
branch of the middle meningeal artery; and 
(2) to the cranial cavity from the orbit—the 
ophthalmic veins and a recurrent branch of 
the lacrimal artery to the dura mater. Poste- 
rior to the medial end of the superior orbital 
fissure is the foramen rotundum through 
which passes the maxillary nerve. Postero- 
laterally is the larger foramen ovale through 
which courses the mandibular nerve, the 
accessory meningeal artery, and the lesser 
petrosal nerve. The foramen of Vesalius, 
often absent, opens at the lateral aspect of 
the scaphoid fossa inferiorly, and transmits 
a small vein. Lateral and posterior to the fo- 
ramen ovale is the foramen spinosum, 
which transmits the middle meningeal ves- 
sels and a recurrent branch of the mandibu- 
lar nerve which supplies the dura mater. 
Medial to the foramen ovale the foramen 
lacerum may be seen in a dried skull, but in 
the fresh state the inferior part of this aper- 
ture is occupied by a layer of fibrocartilage. 
The internal carotid artery, surrounded by a 
plexus of sympathetic nerves, passes across 
the superior part of the foramen but does not 
traverse its whole extent. The small nerve of 
the pterygoid canal and a small meningeal 
branch from the ascending pharyngeal ar- 
tery alone pierce the layer of fibrocartilage 
and are thus the only structures to pass 
through the foramen lacerum. On the ante- 
rior surface of the petrous portion of the 
temporal bone is seen the arcuate eminence 
formed by the projection of the anterior 
semicircular canal. Also on this anterior sur- 
face of the petrous temporal bone is found a 
groove called the hiatus for the greater pe- 
trosal nerve. This nerve, coming from the 
geniculate ganglion of the facial nerve, 
courses along the groove and then traverses 
the foramen lacerum to join the deep petro- 
sal nerve. A bit more lateral is another 
somewhat smaller hiatus for the lesser pe- 
trosal nerve, which is bound for the otic gan- 
glion and leaves the cranial cavity through 
the foramen ovale or its own foramen. Be- 
hind the foramen lacerum can be seen the 
depression for the trigeminal ganglion. 
POSTERIOR CRANIAL FOSSA (fossa cranii pos- 
terior). «The posterior cranial fossa is the 
largest and deepest of the three. Within it 
lies the pons and medulla oblongata medi- 
ally, over which expands the lobes of the 
cerebellum. The bony floor of this fossa is 
formed by the dorsum sellae and clivus of 


the sphenoid, the occipital bone, the petrous 
and mastoid portions of the temporals, and 
the mastoid angles of the parietal bones. It is 
crossed by the occipitomastoid, parieto- 
mastoid, and spheno-occipital sutures. The 
posterior fossa is separated from the middle 
fossa in and near the midline by the dorsum 
sellae of the sphenoid and on each side by 
the grooved superior margin of the petrous 
portion of the temporal bone. This margin 
gives attachment to the tentorium cerebelli, 
and lodges in its groove the superior petrosal 
sinus. In the center of the posterior fossa is 
the foramen magnum, and on each of its lat- 
eral sides is the hypoglossal canal, through 
which courses the hypoglossal nerve and a 
meningeal branch from the ascending pha- 
ryngeal artery. Anterior to the foramen mag- 
num, the basilar portion of the occipital and 
the posterior part of the body of the sphe- 
noid form a grooved surface which supports 
the medulla oblongata and pons. In the 
young skull these bones are joined by a syn- 
chondrosis. This grooved basilar region is 
separated from the petrous temporal by the 
petro-occipital fissure, which is occupied in 
life by a thin plate of cartilage. The fissure is 
continuous with the jugular foramen, and its 
margins are grooved for the inferior petrosal 
sinus. 

The jugular foramen is situated between 
the lateral part of the occipital and the pet- 
rous part of the temporal. The anterior por- 
tion of this foramen transmits the inferior 
petrosal sinus; the posterior portion, the sig- 
moid sinus and some meningeal branches 
from the occipital and ascending pharyn- 
geal arteries; and the intermediate portion, 
the glossopharyngeal, vagus, und accessory 
nerves. Superior to the jugular foramen is 
the internal acoustic meatus, for the facial 
and vestibulocochlear nerves and internal 
auditory artery. A narrow fissure is located 
behind and lateral to the meatus, which con- 
tains the external opening of the aqueduct of 
the vestibule (aqueductus vestibull). In the 
aqueducl is located the endolymphatic duct. 
Behind the foramen magnum are the inferior 
occipital fossae, which support the hemi- 
spheres of the cerebellum. These are sepa- 
rated from one another by the internal 
occipital crest, which serves for the 
attachment of the falx cerebelli and lodges 
the occipital sinus. The posterior cranial fos- 
sae are bounded posterolaterally by S- 
shaped grooves for the sigmoid sinuses 
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which lead to the jugular foramen. Posteri- 
orly these grooves are continuous with those 
of the transverse sinuses. These grooves ac- 
centuate the inner surface of the occipital 
bone, the mastoid angle of the parietal, the 
mastoid portion of the temporal, and the jug- 
ular process of the occipital, and end at the 
jugular foramen on each side. Where this 
sinus grooves the mastoid portion of the 
temporal, the orifice of the mastoid foramen 
may be seen, and just prior to its termina- 
lion, the condyloid canal opens into it. Both 
of these orifices transmit emissary veins, but 
neither opening is constant. 

NASAL CAVITY (cavum nasi; Figs. 4-64; 4-71 
lo 4-73). The nasal cavities are two irregu- 
larly shaped spaces which extend from the 
base of the cranium to the roof of the mouth. 
They are separated from each other in the 
midline by a thin vertical septum. They 
open on the face through a single pear- 
shaped anterior nasal aperture, since the 
anterior cartilaginous part of the septum is 
lacking in a dried skull. Posteriorly, two 
openings, the choanae, communicate with 
the nasal part of the pharynx. The nasal cav- 
ities are much narrower superiorly than in- 
feriorly, and they communicate with the 
frontal, maxillary, ethmoidal, and sphenoi- 
dal sinuses. Each cavity is bounded by a 
roof, a floor, a medial wall, and a lateral 
wall. 

The roof (Figs. 4-71; 4-72) is horizontal 
centrally, but slopes downward in front and 
behind. Its middle is 2 to 3mm wide and is 
formed by the cribriform plate of the eth- 
moid bone, through which pass nearly 20 
foramina for the filaments of the olfactory 
nerves. Anteriorly, the roof is formed by the 
nasal bone and the spine of the frontal, and 
posteriorly, by the body of the sphenoid, the 
ala of the vomer, and the sphenoidal process 
of the palatine bone. On the superior and 
posterior part of the roof is the opening of 
the sphenoidal sinus. 

The bony floor (Fig. 4-22) is smooth and is 
formed by the palatine process of the max- 
ila and the horizontal part of the palatine 
bone. These represent the bones of the hard 
palate, which separate the nasal cavity from 
the oral cavity. Near the anterior end is the 
opening of the incisive canal, through which 
pass the nasopalatine nerves and branches 
of the greater palatine arteries. 

The medial wall (septum nasi; Fig. 4-71) is 
the osseous nasal septum which separates 
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Fic. 4-71. 


Sagittal section of skull showing the osseous nasal septum formed principally by the perpendicular plate of 
the ethmoid bone and the vomer anteriorly. Behind and above the septum are seen the bones forming the inner surface 
of the cranial cavity. 
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Fic. 4-72. Roof, floor, and lateral wall of left nasal cavity. 
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Fic. 4-73. Lateral wall of the nasal cavity after the removal of the middle concha to expose the structures and orifices 
of the middle meatus. Arrows indicale openings from the frontal and sphenoid sinuses. 


the two nasal cavities. It extends from the 
roof to the floor and is frequently deflected 
to one side or the other, more often to the left 
than to the right. Although cartilaginous in 
front, the septum is formed primarily by the 
perpendicular plate of the ethmoid bone and 
the vomer. Posteriorly, these bones articu- 
late with the sphenoid, while anteriorly the 
crest of the nasal bones and the spine of the 
frontal also contribute to the septum. 

The lateral wall (Figs. 4-72; 4-73) appears 
irregular, but in fact is a rather flat surface 
upon which are projected three curved lami- 
nae or conchae. This wall is formed, anteri- 
orly, by the frontal process of the maxilla 
and by the lacrimal bone; in the middle, by 
the ethmoid, maxilla, and inferior nasal con- 
cha; posteriorly, by the vertical plate of the 
palatine bone, and the medial pterygoid 
plate of the sphenoid. On this wall are three 
curved anteroposterior passages, termed the 
superior, middle, and inferior meatuses of 
the nose (Fig. 4-72). The superior meatus is 
the shortest of the three and oceupies the 
middle third of the lateral wall between the 
superior and middle nasal conchae. The pos- 
terior ethmoidal cells open into the superior 


meatus, while the sphenopalatine foramen, 
an opening in the perpendicular plate of the 
palatine bone which serves as a means of 
communication between the pterygopala- 
line fossa and the nasal cavity, lies just be- 
hind the meatus. The orifice of the sphenoi- 
dal sinus drains into the sphenoethmoidal 
recess, which lies in the most superior and 
posterior part of the nasal cavity, formed by 
the angle of junction of the sphenoid and 
ethmoid bones. The middle meatus is situ- 
ated between the middle and inferior con- 
chae (Fig. 4-72), and it courses anteroposteri- 
orly above the superior border of the 
inferior concha along its entire extent. The 
lateral wall of this meatus can be satisfacto- 
rily studied only after the removal of the 
middle concha (Fig. 4-73). A curved fissure, 
the hiatus semilunaris, lies along this meatus 
between the uncinate process of the ethmoid 
bone and the bulla ethmoidalis. The middle 
ethmoidal cells are .contained within the 
bulla and open on or near it. The middle me- 
atus communicates through the hiatus semi- 
lunaris with a curved passage termed the 
infundibulum, into which the anterior 
ethmoidal cells open. The frontonasal duct 
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leading from the frontal sinus opens into the 
anterior end of the infundibulum or directly 
into the anterior part of the middle meatus. 
Below the bulla ethmoidalis and hidden by 
the uncinate process of the ethmoid is the 
opening of the maxillary sinus, and an ac- 
cessory opening frequently is present above 
the posterior part of the inferior nasal con- 
cha. The inferior meatus is the space be- 
tween the inferior concha and the floor of 
the nasal cavity. It extends almost the entire 
length of the lateral wall of the nasal cavity, 
and presents anteriorly the inferior orifice of 
the nasolacrimal canal. Observe the loca- 
tions of the frontal maxillary and sphenoid 
sinuses in Figure 4-74. 

The anterior nasal aperture (Fig. 4-64) is a 
pear-shaped opening, the long axis of which 
is vertical. It is bounded superiorly by the 
inferior borders of the nasal bones; /aterally 
by the thin, sharp margins which separate 
the anterior from the nasal surfaces of the 
maxillae: and inferiorly by the same borders, 


where they curve medialward to join at the 
anterior nasal spine. Attached to the borders 
of the bony anterior nasal aperture are the 
external cartilages of the nose. These pro- 
vide the principal surface features and 
shape of the external nose and open by way 
of two elliptical orifices, the nares. 

The two posterior nasal apertures, or 
choanae, are bounded superiorly by the 
body of the sphenoid and ala of the vomer; 
inferiorly, by the posterior border of the hor- 
izontal part of the palatine bone, which ac- 
tually forms the posterior part of the hard 
palate; and laterally, by the medial ptery- 
goid plate. The choanae are separated from 
each other in the midline by the posterior 
border of the vomer. 


Differences tn the Skull Due to Age 


At birth the skull is large in proportion to the 
other parts of the skeleton, but the facial portion of 
the cranium in the newborn is small, and equals only 





Fig. 4-74. Lateral view roentgenogram of the adult skull. Crosses are placed in the frontal, maxillary, and sphenoidal 
sinuses. The hypophyseal fossa can be identified directly behind the sphenoid sinus. The dense white region below and 
behind the fossa is due to the petrous part of the temporal bone. (Courtesy of Doctors Moreland and Arndt.) 


about one-eighth of the bulk of the skull compared 
to one-half in the adult. The smallness of the face at 
birth is due to the rudimentary condition of the max- 
illae and mandible, the noneruption of the teeth, and 
the small size of the maxillary air sinuses and nasal 
cavities. At birth the nasal cavities lie almost entirely 
between the orbits, and the lower border of the ante- 
rior nasal aperture is only a little below the level of 
the orbital floor. [n contrast, the cranial cavity is 
large to accommodate the large neonatal brain. The 
frontal and parietal eminences are prominent, and 
the skull is maximally wide at the level of the parietal 
tubers (Fig. 4-75). On the other hand, the glabella, 
superciliary arches, and mastoid processes are not 
even developed at birth. Ossification of the skull 
bones is not completed, and many, e.g., the occipi- 
tal, temporals, sphenoid, frontal, and mandible, 
consist of more than one piece. Unossified membra- 
nous intervals, termed fontanelles, are seen at the 
angles of the parietal bones. There are six fonta- 
nelles in number: two, an anterior and a posterior, 
are situated in the midline; two others are found on 
each side, an anterolateral (sphenoidal) and a poster- 
olateral (mastoid). 

The anterior or bregmatic fontanelle (fonticu/us 
anterior; Fig. 4-75) is the largest, and is located at 
the junction of the sagittal, coronal, and frontal su- 
tures. It is diamond-shaped and measures about 
4 cm in its anteroposterior and 2.5 cm in its trans- 
verse diameter. The posterior fontanelle is triangu- 
lar in form and is situated at the junction of the sagit- 
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tal and lambdoidal!l sutures. The sphenoidal and 
mastoid fontanelles (Fig. 4-76) are small, irregular 
in shape, and correspond respectively to the sphe- 
noidal and mastoid angles of the parietal bones. The 
posterior and lateral fontanelles become closed 
within a month or two after birth, but the anterior 
does not completely close until about the middle of 
the second year. 

Postnatal growth of the face and enlargement of 
the jaws are temporally correlated with the eruption 
of the deciduous teeth. These changes are still more 
marked after the second dentition. The skull grows 
rapidly from birth to the seventh year, by which time 
the foramen magnum and petrous parts of the tem- 
poral bones have reached their full size and the or- 
bital cavities are only a little smaller than those of the 
adult. Growth of the skull is slow from the seventh 
year until the approach of puberty, when a second 
period of rapid skull enlargement occurs. This re- 
Sults in an increase of skull size in all directions, but 
it is especially marked in the frontal and facial re- 
gions, where it is associated with the development 
of the air sinuses. 

The time of closure of the individual cranial su- 
tures varies between individuals, but generally be- 
gins between the twentieth and thirtieth years. Usu- 
ally the process commences in the sagittal and 
sphenofrontal sutures, but closure progresses very 
slowly and may not be complete in all the sutures 
until old age. The most striking feature of the old 
skull is the diminution in the size of the maxillae and 
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Fic. 4-75. Skull at birth, showing frontal and occipital fontanelles. Observe that the greatest width of the skull at this 


stage is at the level of the parietal tubers. 
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Fig. 4-76. Skull at birth, showing sphenoidal and mastoid fontanelles. Observe the small facial bones and the great 
difference in size between the facial and cranial vault bones in the neonatal skull. 


mandible after the loss of the teeth and the absorp- 
tion of the alveolar processes. This is associated with 
a marked reduction in the vertical (occlusal) meas- 
urement of the face and with an alteration in the 
condylar angles of the mandible (Fig. 4-83). 


Sex Differences in the Skull 


Until the age of puberty there is little difference 
between the skull of the two sexes. The skull of an 
adult female is, as a rule, lighter and smaller, and its 
cranial capacity about 10% less than that of the 
male. Its walls are thinner and its muscular ridges 
less strongly marked. The glabella, superciliary 
arches, and mastoid processes are less prominent in 
females, and the corresponding air sinuses are 
smaller or may be rudimentary. The upper margin of 
the orbit is sharp, the forehead vertical, the frontal 
and parietal eminences prominent, and the vault 
somewhat flattened. The contour of the face is more 
rounded, the facial bones are smoother, and the 
maxillae and mandible and their contained teeth 
smaller. More of the morphological characteristics 
seen during the pre-puberty years are retained in the 
Skull of the adult female than in that of the adult 
male. A well-marked male or female skull can easily 
be recognized as such, but in some cases the respec- 
tive characteristics are so indistinct that the determi- 
nation of the sex may be difficult or impossible. 


Fractures of the Skull 


Consistent with the primary function of the skull, 
which is protection of the brain, is the fact that those 
portions of the skull that are most exposed to exter- 
nal violence are thicker than those that are shielded 


from injury by overlying muscles. The skull-cap is 
thick and dense, whereas the temporal squamae, 
protected by the temporal muscles, and the inferior 
occipital fossae, shielded by the muscles at the back 
of the neck, are thin and fragile. The calvaria aver- 
age about 5 to 6 mm in thickness, while the tempo- 
ral squama Is only 1 to 2 mm thick. The thickness of 
the skull at the glabella is slightly over 1 cm and at 
the external occipital protuberance between 1.5 and 
2.0 cm. The skull is further protected by its elastic- 
ity, its rounded shape, and the fact that its structure 
contains a number of secondary elastic arches, each 
made up of a single bone. 

The manner in which vibrations are transmitted 
through the bones of the skull is of importance as a 
protective mechanism, especially as far as the skull 
base is concerned. The vibrations resulting from a 
blow on the head are transmitted in a uniform man- 
ner in all directions to the top and sides of the skull, 
but at the base, due to the varying thickness and 
density of the bones, this is not so. In this latter 
region there are special buttresses that serve to carry 
the vibrations in certain definite directions. The later- 
ally projecting ridge that is formed by the lesser and 
greater wings of the sphenoid bone and separates 
the anterior from the middle cranial fossae and, 
more posteriorly, the ridge that separates the middle 
from the posterior fossa form such buttresses. If any 
violence is applied to the cranial vault, the vibrations 
would be carried along these buttresses to the sella 
turcica, where they meet and form a center of resist- 
ance. Additionally, the subarachnoid cavity is some- 
what dilated at this site and forms a cushion of fluid, 
helping to dissipate the vibrations. In like manner, 
when violence is applied to the base of the skull, as 
in falls when a person lands on his feet, the vibra- 
tions are carried backward through the occipital 


crest, and forward through the basilar part of the 
occipital bone and body of the sphenoid up to the 
vault of the skull. 

The calvaria and sides of the cranial cavity are 
formed by an inner layer of compact bone between 
which ts the spongy diploic layer containing the vas- 
cular channels. Fractures involving the outer com- 
pact layer are relatively easy to identify; however, a 
blow on the head may be transmitted at times to the 
inner compact layer, resulting in a fracture of this 
layer with bony spicules and splinters without evi- 
dence of fracture to the outer compact layer. 

Basal skull fractures of the anterior cranial fossa 
may involve the delicate cribriform plate of the eth- 
moid bone and/or the very thin orbital plate of the 
frontal bone. Such injury can cause lacerations of 
the dura mater with subsequent discharge of cere- 
brospinal fluid through the nose (cerebrospinal 
rhinorrhea) and injury to the olfactory nerves result- 
ing in the loss of the sense of smell. Fractures of the 
orbital plate may result in hemorrhage into the or- 
bital cavity, evidenced by subconjunctival discolora- 
tion and protrusion of the eyeball (exophthalmos). 

Fractures of the bones of the middle cranial fossa 
are the most common basal skull fractures, probably 
because this region is weakened by the many foram- 
ina and canals. The petrous portion of the temporal 
bone is further weakened by containing the cavities 
of the inner ear. Fractures of the sphenoid bone fre- 
quently injure the meningeal vessels and may injure 
the internal carotid artery as well as the cavernous 
sinus. Injury might also be expected to the third, 
fourth, and sixth cranial nerves. Fractures in the 
middle fossa frequently involve the tegmen tympani 
(roof of the tympanic cavity). In these situations, if 
the tympanic membrane ts ruptured, blood and cere- 
brospinal fluid can escape through the external 
auditory meatus. Fractures of the petrous portion of 
the temporal bone may injure the facial and vestibu- 
locochlear nerves. 

Fractures of the posterior cranial fossa may be 
exceedingly dangerous because cerebrospinal fluid 
and blood cannot escape, and even a seemingly 
small fracture might be fatal because of the pressure 
that develops on the vital centers in the brain stem. 
Fractures of the body of the sohenoid bone may para- 
lyze the sixth cranial nerve, whereas fractures of the 
occipital bone may injure the hypoglossal nerve. 


Malformations of the Skull 


One of the most common developmental malfor- 
mations of the facial bones is cleft palate. The cleft 
may involve only the uvula or it may extend anteri- 
orly through the soft palate and involve part or even 
all of the hard palate. In the latter instance, the cleft 
would extend as far forward as the incisive foramen. 
In the severest forms, the cleft extends through the 
alveolar process and continues between the premax- 
illary bone and the rest of the maxilla, that is be- 
tween the lateral incisor and canine teeth. In some 
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instances, the cleft courses between the central and 
lateral incisor teeth, lending some support to the be- 
lief that the premaxillary bone develops from two 
centers and not one. The cleft may affect one or both 
sides. If it is bilateral, the central part is frequently 
displaced forward and remains united to the septum 
of the nose, the deficiency in the bony palate being 
complicated with a cleft lip. 


Individual Bones of the Skull 


THE MANDIBLE 


The mandible (Figs. 4-77; 4-78) is the larg- 
est and strongest of the facial bones and ex- 
tends from the chin in the midline to the two 
mandibular fossae laterally. It contains the 
lower teeth and consists of a horizontal por- 
tion, the body, and two perpendicular por- 
tions, the rami, which join the body nearly at 
right angles. 

BODY OF THE MANDIBLE. ‘The body (cor- 
pus mandibulae) is curved somewhat like a 
horseshoe, and has two surfaces and two 
borders. 

The external surface of the body (Figs. 
4-64; 4-77) is marked in the median line by 
a faint ridge, indicating the symphysis menti 
or line of fusion of the two separate halves 
of the mandible as seen in the fetus. This 
ridge divides inferiorly to enclose a triangu- 
lar eminence, the mental protuberance, the 
base of which is depressed in the center but 
raised on each side to form the mental tuber- 
cle. On either side of the symphysis is a de- 
pression, the incisive fossa, which gives ori- 
gin to the mentalis and a small portion of the 
orbicularis oris. Inferior to the second pre- 
molar tooth on each side is the mental fora- 
men, for the passage of the mental vessels 
and nerve. Coursing posteriorly and upward 
from each mental tubercle is a faint ridge, 
the oblique line, which becomes continuous 
with the anterior border of the ramus. At its 
anterior end attaches the depressor labii 
inferioris and depressor anguli oris muscles. 
The platysma inserts near the inferior bor- 
der (Fig. 4-77). 

The internal surface of the body (Fig. 4-78) 
is concave and anteriorly presents two smal] 
bony projections on each side. Near the infe- 
rior part of the symphysis on each side is a 
laterally placed spine, termed the mental 
spine, which gives origin to the genioglossus. 
Immediately below these is a second pair of 
spines, or more frequently a median ridge or 


180 


Coronoid process 









Temporalis # 


: 7 Condylar 
4? Za process 
== 

7% 


thie Ay IW, ‘ \y 


yx ‘ \Y 
nm es 




















“yk il (Nt 
a 


\ 
AH 
‘ 3 ll} h 

' m é 








oo a 


HAN 


\ 





Groove for 
facial artery 


“~~ dite 


rcl 
Mental tubercle aoe at 


Mental protuberance 


Fic. 4-77. The left half of the mandible. Lateral aspect. 
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Fic 478 The left half of the mandible. Medial aspect. 


impression, for the origin of the geniohyoid 
muscles. On each side of the midline near 
the inferior margin of the symphysis is an 
oval depression for the attachment of the 
anterior belly of the digastric muscle. Ex- 
tending posteriorly from the mental spine on 
each side of the symphysis is the mylohyoid 
line, which gives origin to the mylohyoid 
muscle. The posterior part of this line, near 
the alveolar margin, behind the third molar 
tooth, gives attachment to a small part of the 
superior pharyngeal constrictor, and to the 
pterygomandibular raphe. Superior to the 
anterior part of this line is the smooth, trian- 
gular sublingual fossa within which the sub- 
lingual gland rests, and inferior to the poste- 
rior part is the oval submandibular fossa 
which supports the submandibular gland. 

The superior border or alveolar part of the 
mandibular body is hollowed into sockets 
for the reception of the sixteen teeth. The 
sockets, or alveoli, arranged sequentially in 
a curved bar of bone, the alveolar arch, vary 
in depth and size according to the teeth they 
contain. The sockets are separated by bony 
partitions, the interalveolar septa. The buc- 
cinator is attached to the outer lip of the su- 
perior border as far forward as the first 
molar tooth. 

The inferior border is called the base of 
the mandible, and it is rounded, thicker an- 
teriorly than behind, and at the point where 
it joins the lower border of the ramus there 
may be a shallow groove for the facial ar- 
tery. The base of the mandible ends posteri- 
orly at the mandibular angle, diagonal to the 
socket of the third molar tooth. From this 
point the ramus ascends in a nearly vertical 
manner. 

RAMUS OF THE MANDIBLE. The ramus (ra- 
mus mandibulae) is quadrilateral in shape 
and has two surfaces, four borders, and two 
processes. 

The lateral surface of the ramus (Fig. 4-77) 
is flat and marked by oblique ridges in its 
lower portion where the masseter muscle 
inserts. The medial surface (Fig. 4-72) pre- 
sents near its middle the oblique mandibular 
foramen for the entrance of the inferior alve- 
olar vessels and nerve into the mandibular 
canal. The margin of the mandibular fora- 
men presents a prominent ridge, surmounted 
by a sharp spine anteriorly, the lingula 
mandibulae, to which attaches the spheno- 
mandibular ligament. The mylohyoid groove 
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runs obliquely downward and forward from 
the foramen and lodges the mylohyoid ves- 
sels and nerve. Posterior to this groove is a 
roughened surface extending to the mandib- 
ular angle for the insertion of the medial 
pterygoid muscle. From the mandibular fo- 
ramen and within the substance of the 
ramus, the mandibular canal courses ol)- 
liquely downward and _ forward. After 
reaching the mandibular body, the canal 
continues horizontally forward, and_ is 
placed under the alveoli, communicating 
with them by small openings. At the level of 
the second premolar tooth, the canal splits, 
forming the mental canal, which courses 
upward and laterally to reach the mental 
foramen, and the incisive canal, which con- 
tinues toward the symphysis, giving off two 
small channels to the incisor teeth. In the 
posterior two-thirds of the bone the mandib- 
ular canal is situated near the internal sur- 
face of the mandible, whereas in the anterior 
third the canal is nearer its external surface. 
Through the canal courses the inferior alve- 
olar vessels and nerve, from which branches 
are distributed to the lower teeth. 

The inferior border of the ramus is thick 
and straight and joins the posterior border at 
the angle of the mandible. The mandibular 
angle, which measures about 120 degrees, 
may be either a bit inverted or everted and 
serves for attachment on its outer aspect of 
the masseter and on its inner aspect of the 
medial pterygoid muscle. Between these two 
muscles, the stylomandibular ligament at- 
taches to the angle. The posterior border is 
thick, smooth, and rounded. Jt extends from 
the condylar process above to the mandibu- 
lar angle below and is covered by the pa- 
rotid gland. The anterior border is continu- 
ous above with the coronoid process and 
below with the oblique linc. The superior 
border is thin, and is surmounted by the cor- 
onoid process anteriorly and the condylar 
process posteriorly, separated by the man- 
dibular notch. 

The coronoid process (processus coro- 
noideus; Fig. 4-77) is a thin, triangular emi- 
nence, and it varies in shape and size. Its 
anterior border is convex and is continuous 
with the anterior border of the ramus; its 
posterior border is concave and forms the 
anterior boundary of the mandibular incisure 
(notch). Along its entire medial surface in- 
serts the temporalis muscle, the insertion 
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extending along the entire rim of the process 
and over onto the lateral surface. The medial 
surface is also marked by a bony ridge, 
which begins near the apex of the process 
and runs downward and forward to the 
inner side of the last molar tooth. 

The condylar process (processus condy- 
laris) is thicker than the coronoid, and con- 
sists of two portions: the articular portion, 
called the head (condyle), and the con- 
stricted portion that supports it, the neck. 
The head presents an oval surface covered 
with fibrocartilage for articulation with the 
temporal bone at the mandibular fossa. In- 
terposed between the two articular surfaces 
is the articular disc of the temporomandibu- 
lar joint. In a living subject the head can be 
manipulated about 1cm anterior to the tra- 
gus. With the jaw closed it lies totally within 
the mandibular fossa. When the jaw opens, 
the head and disc glide forward within the 
joint capsule, leaving a small depression in 
front of the tragus. At the lateral extremity 
of the head is a small tubercle for the attach- 
ment of the lateral (temporomandibular) lig- 
ament. The neck is flattened and strength- 
ened by ridges that descend from the 
anterior and lateral parts of the head. Its pos- 
terior surface is convex; its anterior presents 
a depression, the pterygoid fovea, for the 
insertion of the lateral pterygoid muscle. On 
the medial surface of the neck just posterior 
to the insertion of the lateral pterygoid is a 
blunt crest called the dental trajectory or 
the mandibular crest. 

The mandibular incisure or notch, sepa- 
rating the two processes, is a deep semilunar 
depression, and is crossed by the masseteric 
vessels and nerve. 


OSSIFICATION. The mandible is ossified in the 
fibrous membrane covering the outer surface of the 
right and left Meckel’s cartilages. These are the 
cartilaginous bars of the first branchial arch (man- 
dibular arch). Their proximal or cranial ends are 
connected with the ear capsules, and their distal ex- 
tremities are joined at the symphysis menti by meso- 
dermal tissue. From the proximal end of each carti- 
lage, the malleus and incus, two of the bones of the 
middle ear, are developed. The next succeeding por- 
tion, as far as the lingula, is replaced by fibrous tis- 
Sue, which persists to form the sphenomandibular 
ligament. Between the lingula and the canine tooth 
the cartilage disappears; the remaining portion adja- 
cent to the incisor teeth becomes ossified and incor- 
porated into this part of the mandible. 

Ossification takes place in the membrane covering 
the outer surface of the ventral end of Meckel’s carti- 


lage (Figs. 4-79 to 4-82). Each half of the mandible 
is formed from a single center, which appears near 
the mental foramen at about the sixth week of fetal 
life. By the tenth week the portion of Meckel’s carti- 
lage that lies adjacent to the incisor teeth is sur- 
rounded and invaded by the membranous bone. 
Somewhat later, accessory cartilaginous nuclei 
make their appearance—as a wedge-shaped nu- 
cleus in the condylar process which extends down- 
ward through the ramus (Fig. 4-82), as a small strip 
along the anterior border of the coronoid process 
(Fig. 4-82), and as smaller cartilaginous nuclei in the 
front part of both alveolar walls and along the front 
of the lower border of the bone (Fig. 4-83). These 
accessory nuclei possess no separate ossific centers, 
but are invaded by the surrounding membranous 
bone and undergo absorption. The inner alveolar 
border, usually described as arising from a separate 
ossific center (splenial center), is formed in the 
human mandible by an ingrowth from the main 
mass of the bone. At birth the bone consists of two 
parts, united anteriorly by the fibrous symphysis 
menti which ossifies during the first year. 

ARTICULATIONS. The mandible articulates with 
the two temporal bones. 

CHANGES PRODUCED BY AGE. At birth (Fig. 4-83, 
A) the body of the bone is a mere shell, containing 
the sockets of the two incisors, the canine, and the 
two deciduous molar teeth, imperfectly partitioned 
from one another. The mandibular canal is large and 
runs near the lower border of the bone, and the 
mental foramen opens beneath the socket of the first 
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Fig. 4-79. Mandible of human embryo 24 mm long. 
Outer aspect. Cartilage is in blue, bone in yellow. (From 
model by Low.) 
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Fic. 4-80. Mandible of human embryo 24 mm long. 
Inner aspect. Cartilage is in blue, bone in yellow. (From 
model by Low.) 


deciduous molar tooth. The mandibular angle is ob- 
tuse (175 degrees), and the condylar process is 
nearly in line with the body. The coronoid process is 
comparatively large and projects above the level of 
the head of the mandible. 

After birth (Fig. 4-83, 8) the two segments of the 
bone become joined from below upward at the sym- 
physis in the first year (Fig. 4-83, A), but a trace of 
separation may be visible in the beginning of the 
second year near the alveolar margin. The entire 
length of the mandibular body becomes elongated, 
but more especially posterior to the mental foramen, 
which provides space for the three additional teeth 
developed in this part. The depth of the body in- 
creases due to enlargement of the alveolar part. This 
allows room for the roots of the teeth, and results in 
the thickening of the portion below the oblique line, 
which enables the jaw to withstand the powerful 
action of the masticatory muscles. The alveolar por- 
tion, however, becomes the deeper of the two parts, 
and consequently the largest portion of the mandib- 
ular body lies above the oblique line. The mandibu- 
lar canal, after second dentition (Fig. 4-83, C), ts 
situated just above the level of the mylohyoid line 
and the mental foramen occupies the more adult 
position. The mandibular angle diminishes due to 
the separation of the jaws by the teeth, and by the 
fourth year it is 140 degrees. 
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In the adult (Fig. 4-83, D) the alveolar portion 
and the portion below the oblique line are usually of 
equal depth. The mental foramen opens midway 
between the upper and lower borders of the bone, 
and the mandibular canal runs nearly parallel with 
the mylohyoid line. The ramus is almost vertical in 
direction, and the mandibular angle measures about 
120 degrees. 

In old age (Fig. 4-83, £) the mandible becomes 
greatly reduced in size because the alveolar process 
is absorbed after the loss of the teeth, leaving the 
chief bulk of the bone below the oblique line. The 
mandibular canal with the mental foramen opening 
from it becomes positioned close to the alveolar bor- 
der. The angle widens once more, measuring about 
140 degrees, and the neck of the condylar process 
becomes oriented slightly backward. 


HYOID BONE 


The hyoid bone (os hyoideum; Fig. 4-84), 
named from its resemblance to the Greek 
letter U, is suspended from the tips of the 
styloid processes of the temporal bones by 
the stylohyoid ligaments. It is located in the 
anterior part of the neck between the chin 
and the larynx, and is composed of five por- 
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Fic. 4-81. Mandible of human embryo 95 mm long. Outer aspect. Nuclei of accessory cartilages stippled. Cartilage is 


in blue, bone in yellow. (From model by Low.) 
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Fic. 4-82. Mandible of human embryo 95 mm long showing symphysis. Inner aspect. Nuclei of accessory cartilages 
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Fic. 4-83. The mandible at different periods of life. Left lateral aspect. 


tions: a body, two greater cornua, and two 
lesser cornua. 

The body (corpus ossis hyoidei) or central 
part is quadrilateral in shape and placed 
transversely across the midline of the neck. 
Its ventral surface (Fig. 4-84) is convex and is 
directed forward and somewhat cranially. 
Its upper half is crossed by a well-marked 
transverse ridge, and in many cases a verti- 
cal median ridge divides it into two lateral 


halves. The geniohyoid muscle is inserted 
into the greater part of the ventral surface, 
both above and below the transverse ridge. 
A portion of the origin of the hyoglossus 
muscle encroaches upon the lateral margin 
of the geniohyoid attachment. Below the 
transverse ridge are inserted the mylohyoid, 
sternohyoid, and omohyoid muscles. The 
dorsal surface is smooth and concave, and is 
directed somewhat caudally, being sepa- 
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Fic. 4-84. Hyoid bone. Anterior surface viewed from 
above. 


rated from the epiglottis by the thyrohyoid 
membrane, an intervening bursa, and a 
quantity of loose areolar tissue. The superior 
border is rounded and gives attachment to 
the thyrohyoid membrane and some apo- 
neurotic fibers of the genioglossus. The infe- 
rior border receives the insertion of the ster- 
nohyoid muscle medially, the omohyoid 
laterally, and occasionally the medial por- 
tion of the thyrohyoid. It also gives attach- 
ment to the levator glandulae thyroideae, 
when this muscle is present. In early life the 
lateral borders of the body are connected by 
cartilage to the greater cornua, but after mid- 
dle life this union is osseous. 

The two greater cornua (cornua majora) 
project dorsally from the lateral border of 
the body (Fig. 4-84). Each cornu, or horn, is 
flattened and becomes more slender posteri- 
orly, ending in a tubercle to which is fixed 
the lateral thyrohyoid ligament. The greater 
cornua can be palpated above the lateral 
aspects of the thyroid cartilage and their cra- 
nial surfaces are rough near the lateral bor- 
ders for muscular attachments. The most 
extensive attachments are the origins of the 
hyoglossus and constrictor pharyngis me- 
dius which stretch along the whole length of 
the horn. The digastric and stylohyoid mus- 
cles have small insertions near the junction 
of the horn with the body. The digastric is 
attached by a small connective tissue loop 
through which its tendon courses. The thy- 
rohyoid membrane is attached along the 
medial border of each horn and the thyrohy- 
oid muscle is attached anteriorly along the 
lateral border. 

The two lesser horns (cornua minora) are 


a) 


small, conical eminences, each attached by 
its base to the angle of junction between the 
body and the greater horn (Fig. 4-84). The 
lesser horn is connected to the body of the 
hyoid by fibrous tissue, and occasionally to 
the greater horn by a distinct synovial joint, 
which may either persist throughout life, or 
become ankylosed. 

The lesser horn is situated in line with the 
transverse ridge on the body and appears to 
be in morphological continuation to it. The 
stylohyoid ligament is attached to the apex 
of the lesser horn and the chondroglossus 
arises from the medial side of its base. 


DEVELOPMENT AND OSSIFICATION. The greater 
horns and much of the body of the hyoid are 
derived embryologically from the third visceral 
arch cartilage. A portion of the body, the lesser 
horns, and the stylohyoid ligaments to which 
they are attached are derived from the second or 
hyoid arch. 

The hyoid is ossified from six centers: two for 
the body, and one for each horn. Ossification 
commences in the greater horns toward the end 
of fetal life, in the body shortly afterward, and in 
the lesser cornua during the first or second year 
after birth. 


OCCIPITAL BONE 


The occipital bone (os occipitale), which 
forms most of the posterior aspect of the 
skull as well as part of its base, is trapezoid 
in shape and internally concave in a cup-like 
manner (Figs. 4-85; 4-86). It is pierced by a 
large oval aperture, the foramen magnum, 
through which the cranial cavity communi- 
cates with the vertebral canal. The curved, 
expanded plate posterior to the foramen 
magnum is named the squama; the thick, 
somewhat quadrilateral portion anterior to 
the foramen is called the basilar part, and on 
each side of the foramen is the lateral por- 
tion. 

THE SQUAMA. The squama (squama occip- 
italis), situated above and bordering the 
posterior part of the foramen magnum, is 
curved and rounded from above downward 
and from side to side. The external surface is 
convex and, midway between the summit of 
the bone and the foramen magnum, presents 
a bony prominence, the external occipital 
protuberance (Fig. 4-85). Extending lateral- 
ward from this on each side are two curved 
lines, one a little above the other. The more 
superior, often faintly marked, is named the 
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Fic. 4-85. Occipital bone. Outer surface as visualized from below. 


highest nuchal line, and to it the galea apo- 
neurotica is attached. The lower is termed 
the superior nuchal line. That part of the 
squama that lies above the highest nuchal 
line is named the planum occipitale, and 
is covered by the occipital belly of the 
occipitofrontalis muscle; that below. termed 
the planum nuchale, is rough and irregular 
for the attachment of several muscles. From 
the external occipital protuberance a ridge 
or crest. external occipital crest, which is 
also called the median nuchal line, runs to 
the foramen magnum and affords attach- 
ment to the ligamentum nuchae. Midway 
along the crest on each side, the inferior nu- 
chal line courses laterally from the crest 
across the planum nuchale. dividing it ap- 
proximately in half. The muscles attached to 
the external surface of the squama include 
the origins of the occipital belly of occipito- 
frontalis and trapezius along the superior 
nuchal line and the insertions of the sterno- 
cleidomastoid and the splenius capitis later- 
ally also along this line. Into the surface be- 
tween the superior and inferior nuchal lines 
are inserted the semispinalis capitis and 


obliquus capitis superior. Along the inferior 
nuchal line and below it are inserted the 
recti capitis posteriores major and minor. 
The posterior atlanto-occipital membrane 
is attached around the posterolateral part 
of the foramen magnum. just outside its 
margin. 

The internal surface of the occipital bone 
is deeply concave and divided into four fos- 
sae by bony ridges which cross each other 
and along which course venous sinuses. The 
two superior fossae are triangular and lodge 
the occipital lobes of the cerebrum, while 
the inferior two are quadrilateral and ac- 
commodate the hemispheres of the cerebel- 
lum (Fig. 4-86). At the point of intersection of 
the bony ridges is the eminentia cruciata, on 
the peak of which is the internal occipital 
protuberance. From this protuberance one 
ridge courses superiorly to the upper angle 
of the bone, and on one side of it (generally 
the right) is a deep groove, the sagittal sul- 
cus, which lodges the posterior part of the 
superior sagittal sinus. Along the margins of 
this sulcus the falx cerebri is attached. The 
ridge coursing inferiorly from the internal 
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Fic. 4-86. Occipital bone. Inner surface as visualized from above. 


occipital protuberance is named the internal 
occipital crest, and it bifurcates near the fo- 
ramen magnum, giving attachment to the 
falx cerebelli. In the attached margin of this 
falx is the occipital sinus, which is some- 
times duplicated. Along the internal oc- 
cipital crest a small depression, called the 
vermian fossa and occupied by the vermis of 
the cerebellum, is sometimes distinguish- 
able. Transverse grooves extend on each side 
from the internal occipital protuberance to 
the lateral angles of the bone. They accom- 
modate the transverse sinuses, and the mar- 
gins of the grooves give attachment to the 
tentorium cerebelli. The groove on the right 
side is usually larger than that on the left and 
is continuous with that for the superior sag- 
ittal sinus. Exceptions to this description 
exist, however, since the left may be larger 
than the right or the two may be almost 
equal in size. The point of junction between 
the superior sagittal and transverse sinuses 


is named the confluence of the sinuses, and 
its position is indicated by a depression situ- 
ated on one side or the other of the protuber- 
ance. 

LATERAL PARTS. ‘The lateral parts (pars lat- 
eralis) of the occipital bone are situated at 
the sides of the foramen magnum. These re- 
gions of the bone are sometimes called the 
condylar parts because on their inferior sur- 
faces are the occipital condyles for articula- 
tion with the superior facets of the atlas (Fig. 
4-85). The condyles are oval in shape, with 
their anterior extremities encroaching on the 
basilar portion of the bone, and their poste- 
rior extremities diverging toward the middle 
of the foramen magnum. The articular 
surface of the condyle is convex. and it 
is directed laterally and downward. To 
its margin is attached the capsule of the 
atlanto-occipital articulation, and on the 
medial side of each condyle is a rough im- 
pression or tubercle ior the alar ligament. At 


188 


the base of the condyle the bone is tunnelled 
by a short canal, the hypoglossal canal, 
through which exits the hypoglossal or 
twelfth cranial nerve from the cranial cavity. 
Additionally, a meningeal branch of the as- 
cending pharyngeal artery enters the cranial 
cavity through this canal, which actually 
may be partially or completely divided into 
two canals by a spicule of bone. Posterior to 
each condyle is a depression, the condyloid 
fossa, into which the posterior margin of the 
superior facet of the atlas is received when 
the head is extended backward. The floor of 
this fossa is sometimes perforated by the 
condyloid canal, through which an emissary 
vein passes. Extending laterally from the 
posterior half of the condyle is a quadrilat- 
eral plate of bone, the jugular process. Ante- 
riorly this process is indented by the jugular 
notch (Fig. 4-85), which, in the articulated 
skull, forms the posterior part of the jugular 
foramen. The jugular notch may also be di- 
vided into two indentations by a bony spic- 
ule, the intrajugular process, which projects 
laterally above the hypoglossal canal. The 
inferior surface of the jugular process is 
roughened and affords insertion to the rectus 
capitis lateralis muscle and attachment of 
the lateral atlanto-occipital ligament. From 
this surface an eminence, the paramastoid 
process, sometimes projects downward and 
may be of sufficient length to reach and ar- 
ticulate with the transverse process of the 
atlas. Laterally the jugular process also pre- 
sents a roughened triangular area, which is 
joined to the jugular surface of the temporal 
bone by a plate of cartilage that tends to os- 
sify after the age of twenty-five. 

The superior surface of the lateral part 
presents an oval eminence, the jugular tu- 
bercle, which overlies the hypoglossal canal 
and is frequently crossed by an oblique 
eroove for the glossopharyngeal, vagus, and 
accessory nerves. On the superior surface of 
the jugular process is a deep groove that 
curves medially and anteriorly and is con- 
tinuous with the jugular notch. This groove 
lodges the continuation of the transverse 
sinus, the terminal portion of which is called 
the sigmoid sinus. Close to the medial mar- 
gin of the groove opens the orifice of the con- 
dyloid canal. 

BASILAR PART. ‘The basilar part (pars 
basilaris) of the occipital bone is virtually 
quadrilateral in shape and extends anteri- 
orly and superiorly from the foramen mag- 


num (Fig. 4-85). In the young skull the basilar 
part is joined to the body of the sphenoid 
by a plate of cartilage (Fig. 4-87). By the 
twenty-fifth year, however, this cartilagi- 
nous plate is ossified, and the occipital and 
sphenoid bones become fused at this site. 

On its inferior surface, about 1cm ante- 
rior to the foramen magnum, is the pharyn- 
geal tubercle, which gives attachment to the 
fibrous raphe of the pharynx. On each side 
of the midline, the longus capitis and rectus 
capitis anterior muscles are inserted, and 
immediately anterior to the foramen mag- 
num the anterior atlanto-occipital mem- 
brane is attached. 

The superior surface presents a_ broad, 
shallow groove upon which rests the lower 
pons and medulla oblongata of the brain- 
stem. Near the margin of the foramen mag- 
num is attached the tectorial membrane as 
well as the apical dental ligament. On the 
lateral margins of this surface are faint 
grooves for the inferior petrosal sinuses. 

The foramen magnum is a large oval aper- 
ture, wider behind than in front, with its 
long diameter anteroposterior. It transmits 
the medulla oblongata and its membranes, 
the accessory nerves, the vertebral arteries, 
the anterior and posterior spinal arteries, the 
tectorial membrane, and alar ligaments. 

The superior angle of the occipital bone 
(Fig. 4-86) articulates with the occipital an- 
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Fic. 4-87. Occipital bone at birth. Observe that the neo- 
natal occipital bone consists of four ossified parts 
(squama, two lateral parts and the basilar part) intercon- 
nected by cartilaginous strips. 


gles of the parietal bones and, in the fetal 
skull, corresponds in position with the pos- 
terior fontanelle (Fig. 4-75). The inferior 
angle is fused with the body of the sphenoid. 
The lateral angles, located at the extremities 
of the grooves for the transverse sinuses, are 
received into the interval between the mas- 
toid angle of the parietal and the mastoid 
part of the temporal bone. 

The lambdoid borders (margo lamb- 
doideus) extend from the superior to the lat- 
eral angles: they are deeply serrated for ar- 
ticulation with the occipital borders of the 
parietals, and form by this union the lamb- 
doidal suture. The mastoid borders (murgo 
mastoideus) extend from the lateral angles 
to the inferior angle. The posterior half of 
each mastoid border articulates with the 
mastoid portion of the corresponding tem- 
poral, while the anterior half articulates 
with the petrous part of the same bone. Be- 
tween these two parts of the mastoid border 
is the jugular process, the notch on the ante- 
rior surface of which forms the posterior 
part of the jugular foramen. 


STRUCTURE. The occipital, like the other cranial 
bones, consists of two compact lametlae, called the 
outer and inner tables, between which is the cancel- 
lous tissue or diploé. The bone is especially thick at 
the ridges, protuberances, condyles, and anterior 
region of the basilar part. tn the inferior fossae, 
within which rests the cerebellum, the bone ts thin, 
semitransparent, and destitute of diploe. 


OSSIFICATION (Fig. 4-87).- The portion of the 
squama above the nuchal lines, the planum occipi- 
tale, is developed in membrane, and may remain 
separate throughout life, in which case it constitutes 
the /nterparietal bone. The rest of the bone is devel- 
oped in cartilage. Ossification commences in the pla- 
num occipitale from two centers which appear near 
the midline at about the eighth week of fetal life. 
Two other centers appear at some distance from the 
midline at about the third fetal month. The planum 
nuchale of the squama, located below the highest 
nuchal lines, is ossified from two centers, which 
appear in the cartilage at about the seventh week of 
fetal life and soon unite to form a single center. 
Union of the upper and lower portions of the 
squama takes place in the third month of fetal life. 
Each of the /atera/ parts begins to ossify from a sin- 
gle center also during the eighth week of fetal life. 
The basilar portion is ossified from either one or two 
centers, which appear at about the sixth week of 
prenatal life. 

At birth, the occipital bone consists of four ossi- 
fied pieces—the squama, two lateral parts, and the 
basilar part—united by cartilaginous strips (Fig. 
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4-87). The lines of union between the portions of the 
Squama are also still evident. About the fourth year 
the squama and the two lateral portions unite, and 
by about the sixth year the bone consists of a single 
piece. Between the eighteenth and twenty-fifth years 
the synchondrosis between the occipital and sphe- 
noid becomes united, forming a single bone. 


ARTICULATIONS. The occipital bone articulates 
with six other bones: the two parietals, the two 
temporals, the sphenoid, and the atlas. 


PARIETAL BONE 


The parietal bones (os parietale), by their 
union, form the sides and roof of the cra- 
nium. Kach bone is irregularly quadrilateral 
in shape and presents two surfaces, four bor- 
ders, and four angles. 

SURFACES. ‘The external surface (Fig. 4-88) 
is convex, smooth, and marked near the cen- 
ter by the mound-like parietal eminence 
(tuber parictale), an elevalion of even 
sreater convexity and the site at which ossifi- 
cation commences in the fetus. Crossing the 
middle of the bone in an arched direction 
are two curved lines, the superior and infe- 
rior temporal lines. The former gives attach- 
ment to the temporal fascia, and the latter 
indicates the upper limit of the muscular ori- 
gin of the temporalis. Above these lines the 
bone is covered by the galea aponeurotica of 
the scalp, while below the lines the parietal 
bone forms the medial boundary of the tem- 
poral fossa and also lends origin to the tem- 
poralis. Close to the upper or sagittal border 
posteriorly is the parietal foramen, which 
transmits a vein to the superior sagittal sinus 
and, sometimes, a small branch of the occip- 
ital artery. The foramen is not constantly 
present, and ils size varies considerably. 

The internal surface (Fig. 4-89) is concave 
and presents depressions corresponding to 
the cerebral convolutions, and numerous 
furrows for the ramifications of the middle 
meningeal vessels. These vascular furrows 
course upward and backward from the an- 
teroinferior sphenoidal angle and from the 
central and posterior part of the squamous 
border. Along the superior edge of the bone 
is a shallow groove,. which combines with 
that of the opposite parietal to form the mid- 
line sulcus for the superior sagittal sinus. 
The edges of the sulcus afford attachment to 
the falx cerebri. Near the groove are several 
depressions or pits, granular foveolae, best 
marked in the skulls of old persons, which 
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Fic. 4-88. Left parietal bone, external surface. Observe the serrated borders of the parietal bone. These contribute to 
the formation of the coronal suture in front, the sagittal suture above, the lambdoidal suture behind, and the 
squamosal suture below. Additionally, the squamosal border of the parietal bone contributes to the sphenoparieta] 


suture anteriorly and the parietomastoid suture posteriorly. 


contain the arachnoid granulations (Pacch- 
ionian bodies). In the groove is the internal 
orifice of the parietal foramen. 

BORDERS. The sagittal border is the long- 
est and thickest and its deeply serrated edge 
articulates with the same border of the op- 
posite parietal bone, thereby forming the 
sagittal suture. The squamosal border is the 
inferior border of the parietal bone and it is 
divided into three parts: of these, the ante- 
rior is thin, bevelled externally, and pointed, 
and is overlapped by the tip of the great 
wing of the sphenoid; the middle portion is 
arched and also bevelled externally, and is 
overlapped by the squama of the temporal 
bone; the posterior part is thick and serrated 
for articulation with the mastoid portion of 
the temporal bone. The frontal border is 
deeply serrated and is externally bevelled 
above and internally bevelled below. This 
border articulates with the frontal bone, 
forming one-half of the coronal suture. The 


occipital border is deeply denticulated and 
forms one-half of the lambdoidal suture by 
articulating with the occipital bone. 
ANGLES. The frontal angle is practically a 
right angle. It is the anterosuperior angle of 
the bone and corresponds with the site of 
junction of the sagittal and coronal sutures, 
the bregma. In the fetal skull and for about a 
year and a half after birth, this region is not 
ossified and is called the anterior fontanelle 
(Figs. 4-75: 4-76). The sphenoidal angle, lo- 
cated anteroinferiorly on the parietal bone, 
is thin and acute, and is received into the 
interval between the frontal bone and the 
ereat wing of the sphenoid. On the side of 
the skull in the vicinity of the sphenoidal 
angle there are four bones in proximity: the 
parietal, sphenoid, temporal, and frontal. 
This site is called the pterion. The inner sur- 
face of the bone near the sphenoidal angle is 
marked by a deep groove, which sometimes 
forms a canal for the frontal branch of the 
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Fig. 4-89. Left parietal bone, internal surface. Note the vascular grooves not only for the meningeal vessels but also 
for the superior sagittal sinus and the sigmoid sinus. It is at the mastoid angle that the transverse sinus becomes the 


sigmoid sinus. 


middle meningeal artery. The occipital angle 
is located posterosuperiorly on the bone and 
is more rounded than the previous two. It 
corresponds with the intersection of the sag- 
ittal and lambdoidal sutures, the lambda. In 
the newborn skull this site is yet to ossify 
and is called the posterior fontanelle (Fig. 
4-75). The thick and truncated mastoid angle 
is located posteroinferiorly. It articulates 
with the occipital bone and with the mastoid 
portion of the temporal. On its inner surface 
is found a broad, shallow groove which 
lodges the transition site of the transverse 
sinus, beyond which it is known as the sig- 
moid sinus. The point where this angle 
meets with the mastoid part of the temporal 
bone is named the asterion. 


OSSIFICATION. The parietal bone ossifies intra- 
membranously from two centers, one above the 
other, which appear at the parietal eminence about 
the eighth week of fetal life. The two centers fuse 
during the third month and ossification gradually 
extends in a radial manner toward the margins of the 
bone. The angles are consequently the last sites to 
be ossified and it is here that the fontanelles exist. 
Occasionally the parietal bone is divided into two 


parts by an anteroposterior suture caused by a fail- 
ure of the two primary ossification sites to fuse. 


ARTICULATIONS. The parietal usually articulates 
with five bones: the opposite parietal, the occipital, 
frontal, temporal, and sphenoid. At times the parie- 
tal bone does not articulate with the sphenoid. In 
these instances the frontal bone reaches posteriorly 
as far as the squama of the temporal without the 
greater wing of the sphenoid achieving the 
SquamosSal border of the parietal bone. 


FRONTAL BONE 


The frontal bone (os frontale) encases the 
cranial cavity anteriorly and is shaped as an 
externally convex shell. It consists of two 
portions: the squama, which is vertical and 
forms the osseous convexity of the forehead, 
and the orbital portion, which is horizontal 
and enters into the formation of the roofs of 
the orbital and nasal cavities. 

SQUAMA OR VERTICAL PART (squama fronta- 
lis). The external surface (Fig. 4-90) of the 
squama of the frontal bone is convex and in 
the midline usually retains evidence of the 
frontal or metopic suture. In infancy this 
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Fic. 4-90. Frontal bone. Outer surface as viewed from anterior aspect. 


suture separates the two lateral halves of the 
bone, a condition that may persist through- 
out life. On each side of this suture, about 
3 cm superior to the supraorbital margin, is a 
rounded elevation, the frontal eminence 
(tuber frontale). These eminences vary in 
size, are occasionally asymmetrical, and are 
especially prominent in young skulls. Infe- 
rior to the frontal eminences, and separated 
from them by a shallow groove, are the 
superciliary arches, which are prominent 
medially and joined to one another by a 
smooth elevation named the glabella. These 
curved arches are larger in males than in 
females, and to some extent their degree of 
prominence depends on the size of the fron- 
tal air sinuses. Beneath each superciliary 
arch is a curved and prominent margin, 
the supraorbital margin, which forms the 
boundary of the orbit and separates the 
squama from the orbital portion of the bone. 
The lateral part of this margin is sharp and 
prominent, affording protection to the eye, 
and its medial part is rounded. Along the 
margin, a third of the distance from its me- 
dial end, is the supraorbital notch or fora- 
men, which transmits the supraorbital ves- 


sels and nerve. A small aperture in the notch 
transmits a vein from the diploé to join the 
supraorbital vein. The supraorbital margin 
ends laterally in the zygomatic process, 
which is strong and prominent and articu- 
lates with the zygomatic bone. Coursing 
upward and backward from the zygomatic 
process is the temporal line, which then di- 
vides into upper and lower temporal lines, 
continuous in the articulated skull with the 
corresponding lines on the parietal bone. 
Between the supraorbital margins the 
squama projects inferiorly to a level even 
farther than the zygomatic process. This por- 
tion of the frontal bone is the nasal part, and 
it presents a rough, uneven interval, the 
nasal notch, which articulates with the nasal 
bone, the frontal process of the maxilla, and 
the lacrimal. The center of the frontonasal 
suture is a craniometric point called the 
nasion. From the center of the notch, the 
nasal part projects inferiorly beneath the 
nasal bones and the frontal processes of the 
maxillae to support the bridge of the nose. 
The nasal part ends inferiorly as the sharp 
nasal spine, on each side of which is a small 
grooved nasal surface that enters into the 


formation of the roof of the corresponding 
nasal cavity (Fig. 4-91). The spine forms a 
small portion of the nasal septum (Figs. 4-71; 
4-72) and articulates anteriorly with the crest 
of the nasal bones and with the perpendicu- 
lar plate of the ethmoid posteriorly. 

The internal surface (Fig. 4-91) of the 
squama is concave and presents in the mid- 
line a vertical groove, the sulcus for the su- 
perior sagittal sinus, the edges of which 
unite below to form a ridge, the frontal crest. 
The sulcus lodges the anterior part of the 
superior sagittal sinus, while its margins and 
the crest afford attachment to the falx cere- 
bri. The crest ends in a small notch, which is 
converted into the foramen cecum by articu- 
lation with the ethmoid bone. This foramen 
varies in size and is frequently closed; when 
open, it transmits a vein from the roof of the 
nasal cavity to the superior sagittal sinus. On 
each side of the midline the bone presents 
depressions for convolutions of the frontal 
lobes of the brain, and numerous small pits, 
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the granular foveolae, for the arachnoid 
granulations. 

The parietal border of the squama of the 
frontal bone is thick, strongly serrated, and 
bevelled. It articulates posteriorly and later- 
ally with the parietal bones. This border is 
continued below into a triangular, rough 
surface which articulates with the great 
wing of the sphenoid. 

ORBITAL OR HORIZONTAL PART (pars orbi- 
talis) The orbital portion of the frontal 
bone consists of two smooth orbital plates 
which form most of the roofs of the orbits. 
They are separated from one another by a 
gap in the midline, the ethmoidal notch. The 
concave inferior surface (Fig. 4-91) presents 
a shallow depression laterally, the fossa for 
the lacrimal gland. Medially, near the nasal 
part, is a depression, the fovea trochlearis, or 
occasionally a small trochlear spine, for the 
attachment of the cartilaginous pulley of the 
superior oblique muscle of the eye. The su- 
perior (or intracranial) surface is convex 
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Fic. 4-91. 


Frontal! bone. Inner surface as viewed from its inferior aspect. Observe that on the left side of the figure is 


accentuated the lines of articulation of the frontal bone. These are with the parietal, zygomatic, and greater wing of 
the sphenoid bone laterally and the small wing of the sphenoid, ethmoid, lacrimal, maxillary, and nasal bones medi- 


ally. 
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and marked by depressions for gyri on the 
orbital surface of the frontal lobes of the 
brain, and by faint grooves for the menin- 
geal branches of the ethmoidal vessels. The 
posterior borders of the orbital plates are 
thin and serrated, and articulate with the 
small wings of the sphenoid. 

The ethmuidal notch that separates the 
two orbital plates is filled, in the articulated 
skull, by the cribriform plate of the ethmoid. 
The margins of the notch are indented by 
several air cells which, when united with 
corresponding cells on the superior surface 
of the ethmoid, form the ethmoidal air cells. 
Two grooves cross these edges transversely 
and are converted, by articulation with the 
ethmoid bone, into the anterior and poste- 
rior ethmoidal canals, which open on the 
medial wall of the orbit and transmit the an- 
terior and posterior ethmoidal vessels and 
nerves. 

The frontal air sinuses open on both sides 
of the frontal spine and anterior to the eth- 
moid air cells and ethmoid notch. The si- 
nuses are two irregularly shaped hollow 
cavities that extend for a variable distance 
between the two tables of the skull. They are 
separated from one another by a thin bony 
septum, which often deviates to one side or 
the other, with the result that the sinuses are 
rarely symmetrical. They vary in size and 
are larger in men than in women. The frontal 
sinuses are lined by mucous membrane, and 
communicate with the nasal cavity by 
means of a passage called the frontonasal 
duct, which opens into the middle meatus of 
the corresponding nasal cavity. 


structure. The squama and the zygomatic 
processes are very thick, consisting of cancellous 
bone contained between two compact laminae. The 
cancellous bone ts absent in the regions occupied by 
the frontal air sinuses. The orbital portion is thin, 
translucent, and composed entirely of compact 
bone, explaining the facility with which instruments 
.can penetrate the cranium through this part of the 
orbit. 

OSSIFICATION (Fig. 4-92). The frontal bone is 
ossified in membrane from two primary centers. 
These appear toward the end of the second month of 
fetal life, one above each superciliary arch. From 
each of these centers ossification extends upward to 
form the corresponding half of the squama, inferi- 
orly to form the nasal part, and backward to form the 
Orbital plate. At birth the bone consists of two 
pieces, separated by the frontal or metopic suture, 
which is usually fused by the eighth year except at 
its lower part. Occasionally it persists throughout 
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Fic. 4-92. Frontal bone at birth. The neonatal frontal 
bone consists of two halves between which is found the 
frontal or metopic suture. 


life. During childhood and after the metopic suture 
has united (between the tenth and twelfth years), 
secondary ossification centers appear at the lower 
end of the suture to form the nasal spine of the fron- 
tal bone. It is generally maintained that development 
of the frontal sinuses has begun by the end of the 
first year. The frontal sinuses have developed con- 
siderably by the seventh or eighth year, but do not 
attain their maximum size until adulthood. 
ARTICULATIONS. I[he frontal bone articulates with 
twelve bones: the sphenoid, the ethmoid, the two 
parietals, the two nasals, the two maxillae, the two 
lacrimals, and the two zygomatics (Fig. 4-91). 


TEMPORAL BONE 


The temporal bone (os temporale; Figs. 
4-93 to 4-97) is situated at the lateral aspect 
and base of the skull. It contains the periph- 
eral receptors for both the special sense of 
hearing and the maintenance of equilibrium 
or vestibular function. Developmentally, the 
temporal bone forms from a fusion of three 
parts: the flattened squamous portion; the 
hard petromastoid part, which encases the 
membranous labyrinth and its receptors: 
and the curved, ring-like tympanic part, 
interposed between the previous two (Fig. 
4-98). Additionally, the styloid process, de- 
rived from the cartilage of the second vis- 
ceral arch, unites with the inferior aspeet of 
the bone. 

THE sQuama. The squamous part is thin, 
translucent, and scale-like, and forms the 
anterior and superior part of the bone. Its 
temporal or external surface (Fig. 4-93) is 
smooth and convex, forms part of the tem- 
poral fossa, and affords attachment to the 
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Fig. 4-93. The left temporal bone. External aspect. 
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Fic. 4-94. Left temporal bone. The cerebral or internal surface. 
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FiG. 4-95. Coronal section of right temporal bone which has been opened to display the mastoid antrum and cells as 


well as the roof and medial wall of the tympanic cavity. 


temporalis muscle. The curved temporal line 
limits the origin of the temporalis muscle. 
The boundary between the squama and the 
mastoid process of the bone lies about 1 cm 
below this line. Superior to the external 
acoustic meatus, the external surface pre- 
sents a vertically coursing groove for the 
middle temporal artery. 

The zygomatic process is a narrow arch of 
bone that projects forward from the inferior 
part of the squama. Its thin superior border 
is sharp and serves for the attachment of the 
temporal fascia; its inferior border is some- 
what thicker and arched, and affords attach- 
ment to some fibers of the masseter muscle. 
The lateral surface is convex and lies just 
beneath the skin, while the medial surface is 
concave and also allows origin to the mas- 
seter muscle. The anterior end is deeply ser- 
rated and articulates with the zygomatic 
bone. The posterior end arises from the 
squama by two roots. The posterior root, a 
prolongation of the upper border, courses 
above the opening of the external acoustic 
meatus and is continuous with the temporal 
line. The anterior root is continuous with the 
inferior border. It is short, broad, and strong, 
and is directed medialward, ending in a 


rounded eminence, the articular tubercle. 
This tubercle forms the anterior boundary of 
the mandibular fossa. In the intact body the 
tubercle is covered with cartilage and the 
fossa receives the condyle of the mandible to 
form the temporomandibular joint. Between 
the posterior wall of the external acoustic 
meatus and the posterior root of the zygo- 
matic process is an area called the supra- 
meatal triangle, through which an instru- 
ment may be pushed into the tympanic 
antrum. 

The mandibular fossa (glenoid fossa) is 
bounded anteriorly by the articular tubercle, 
and posteriorly by the bony rim surrounding 
the external acoustic meatus. The fossa is 
ovoid in shape and divided into two parts by 
a narrow slit, the tympanosquamosal fis- 
sure, which, when traced medially, becomes 
continuous with the petrotympanic fissure. 
The anterior part of the fossa, formed by the 
Squama, is smooth and covered with carti- 
lage for articulation with the condyle of the 
mandible. Behind this part of the fossa is a 
small conical eminence, the postglenoid 
process. This process is representative of a 
prominent tubercle, seen in some mammals, 
which projects behind the condyle of the 
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FiG. 4-96. The right temporal bone has been opened to reveal the medial wall of the tympanic cavity. Observe that the 
facial canal and semicircular canals have also been opened. Note that the course of the facial canal in the petrous 
temporal bone is at first directed laterally (toward the middle ear), then posteriorly, and finally inferiorly. (From 
Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, Urban and Schwarzenberg, 1975.) 


mandible and prevents its backward dis- 
placement. The posterior part of the man- 
dibular fossa is formed by the tympanic part 
of the bone and is nonarticular. The petro- 
tympanic fissure leads into.the middle ear or 
tympanic cavity, where it lodges the anterior 
ligament of the malleus and transmits the 
anterior tympanic branch of the maxillary 
artery. The chorda tympani nerve passes 
through a canal (anterior canaliculus of 
chorda tympani), which is separated from 
the anterior edge of the petrotympanic fis- 
sure by a thin scale of bone and situated on 
the lateral side of the auditory tube in the 
angle between the squama and the petrous 
portion of the temporal bone. 

The cerebral or internal surface of the 
squama (Fig. 4-94) presents depressions cor- 
responding to the convolutions of the tem- 
poral lobe of the brain, and grooves for the 
branches of the middle meningeal vessels. 
The superior border is thin, bevelled at the 
expense of the internal table, and overlaps 
the squamous border of the parietal bone, 
forming with it the squamosal suture. Poste- 
riorly, the superior border forms an angle, 


the parietal notch, with the mastoid portion 
of the bone. The antero-inferior border is 
thick, serrated, and bevelled at the expense 
of the inner table above and of the outer 
below. It articulates with the great wing of 
the sphenoid. 

PETROMASTOID PART. The petromastoid 
part of the temporal bone consists of a mas- 
toid portion and a petrous portion, each of 
which is best described separately. 

Mastoid Portion. The mastoid portion 
forms the posterior part of the bone. Its ex- 
ternal surface (Fig. 4-93) is rough and gives 
attachment to the occipital belly of the 
occipitofrontalis muscle, as well as to the 
auricularis posterior muscle. It is perforated 
by numerous foramina. One of these, the 
mastoid foramen, is larger, and is often situ- 
ated near the posterior border. It transmits a 
vein to the sigmoid sinus (Fig. 4-94) and a 
small branch of the occipital artery to the 
dura mater. The position and size of this fo- 
ramen are variable. It may be absent or situ- 
ated in the occipital bone, or even in the su- 
ture between the temporal and the occipital 
bones. Inferiorly, the mastoid portion is con- 
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Fis. 4-97. Left temporal bone. Inferior aspect. 


tinued as a conical projection, the mastoid 
process. Although its size and form may 
vary, this process serves for the insertion of 
the sternocleidomastoid, splenius capitis, 
and longissimus capitis muscles. On the 
medial side of the process is a deep groove, 
the mastoid notch, which gives attachment 
to the posterior belly of the digastric muscle. 
Medial to the notch is a shallow furrow, the 
occipital groove, which lodges the occipital 
oreery: 

The internal surface (Fig. 4-94) of the mas- 
toid portion presents a deep, curved groove, 
the sigmoid sulcus, which lodges the sig- 
moid sinus. Behind the sulcus is frequently 
seen the opening of the mastoid foramen. 
The groove for the sigmoid sinus is sepa- 
rated from the innermost of the mastoid air 
cells by a very thin lamina of bone, and even 
this may be partly deficient. 


The superior border of the mastoid por- 
tion is broad and serrated, for articulation 
with the mastoid angle of the parietal bone. 
The posterior border, also serrated, articu- 
lates with the inferior border of the occipital 
bone between the lateral angle and jugular 
process. As observable from an external 
view (Fig. 4-93), the mastoid portion is fused 
above and anteriorly with the descending 
process of the squama. Below and posteri- 
orly it enters into the formation of the poste- 
rior wall of the tympanic cavity, and extends 
nearly to the external acoustic meatus. 

A section of the mastoid process (Fig. 4-95) 
shows it to be hollowed out into a number of 
spaces, the mastoid cells. These exhibit a 
great variability, both in size and number. In 
the superior part of the mastoid process they 
are large and irregular, and contain air. To- 
ward the inferior part they diminish in size, 


while those at the apex of the process are 
frequently quite small and contain marrow. 
Occasionally the mastoid cells are entirely 
absent, and the process is then solid 
throughout. Additionally, a large irregular 
cavity called the mastoid antrum is situated 
at the superior and anterior part of the proc- 
ess (Fig. 4-95). It can be distinguished from 
the mastoid cells, although it communicates 
with them. The tympanic antrum also con- 
tains air, and it is lined by a prolongation of 
the mucous membrane of the tympanic cav- 
ity with which it communicates as well. The 
mastoid antrum is bounded above by a thin 
plate of bone, the tegmen tympani, which 
separates it from the middle fossa of the cra- 
nial cavity. Lateral to the antrum is the tem- 
poral squama, while medially is the lateral 
semicircular canal of the internal ear which 
projects into its cavity. It opens anteriorly 
into that portion of the tympanic cavity 
known as the attic or epitympanic recess. 
The mastoid antrum is a cavity of some con- 
siderable size at birth. The mastoid air cells 
may be regarded as diverticula from the an- 
trum, and begin to appear at or before birth. 
By the fifth year they are well marked, but 
their development is not completed until 
puberty. 

Petrous Portion. The petrous portion or 
pyramid is wedged between the sphenoid 
and occipital bones at the base of the skull 
(see Fig. 4-70). Enclosed within it is the laby- 
rinth containing its receptors for the senses 
of hearing and cquilibration. It presents for 
examination a base, an apex, three surfaces, 
and two margins. 

Base and Apex. The base is fused with 
the internal surfaces of the squamous and 
mastoid portions. 

The apex, rough and uneven, is received 
into the angular interval between the poste- 
rior border of the great wing of the sphenoid 
and the basilar part of the occipital bone. It 
presents the anterior or internal orifice of the 
carotid canal and forms the posterolateral 
boundary of the foramen lacerum. 

Surfaces. The anterior surface helps to 
form the base of the skull at the posterior 
part of the middle cranial fossa. It is continu- 
ous with the internal or cerebral surface of 
the squamous portion, to which it is united 
by the petrosquamous suture, the remains of 
which are distinct even late in life. It is 
marked by depressions for the convolutions 
of the brain, and presents six points for ex- 
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amination: (1) near the center is the arcuate 
eminence (Fig. 4-94), which indicates the site 
of the anterior semicircular canal; (2) a shal- 
low depression is found slightly lateral and 
anterior to the eminence, and indicates the 
position of the tympanic cavity (Fig. 4-95) 
and its thin, bony roof, the tegmen tympani; 
(3) a shallow groove, sometimes double, 
leads into the hiatus of the facial canal (Fig. 
4-95), for the passage of the greater petrosal 
nerve and the petrosal branch of the middle 
meningeal artery; (4) lateral to the hiatus is 
occasionally seen a smaller opening for the 
passage of the lesser petrosal nerve; (5) near 
the apex of the bone is found the termina- 
tion of the carotid canal (Fig. 4-95), the wall 
of which at this site is deficient; and (6) just 
behind the apex and above the carotid canal 
is the shallow trigeminal impression for the 
trigeminal (semilunar) ganglion (Fig. 4-70). 
The posterior surface of the petrous por- 
tion forms the anterior part of the posterior 
cranial fossa (Fig. 4-70). Near the center is 
the large orifice of the internal acoustic mea- 
tus (Fig. 4-94) leading into the internal 
acoustic canal. The margins of the meatus 
are smooth and rounded, and the canal 
measures about 1cm in length. It transmits 
the facial and vestibulocochlear nerves as 
well as the nervus intermedius, and the in- 
ternal auditory branch of the basilar artery. 
Posterior to the internal acoustic meatus is a 
small slit, almost hidden by a thin plate of 
bone, that leads to a canal, the aqueduct of 
the vestibule, which transmits the endolym- 
phatic duct together with a small artery and 
vein. Above and between these two open- 
ings is an irregular depression which lodges 
a process of the dura mater and transmits a 
small vein. In the infant this depression is 
represented by a large fossa, the subarcuate 
fossa, which extends backward as a blind 
tunnel under the anterior semicircular canal. 
The facial canal is a bony passage within 
the petrous portion of the temporal bone 
through which the facial nerve passes. The 
canal commences at the internal acoustic 
meatus and ends at the stylomastoid fora- 
men. In its course the canal is initially di- 
rected laterally toward the medial wall of 
the tympanic cavity with the cochlea lying 
in front and the semicircular canals behind. 
Then the canal suddenly courses posteriorly 
(ig. 4-96), lying above the fenestra vestibuli 
and the promontory. With the semicircular 
canals still lying above and behind, the fa- 
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cial canal then arches downward toward its 
exit at the stylomastoid foramen. 

The inferior surface of the petrous portion 
of the temporal bone (Fig. 4-97) is rough and 
irregular, and forms part of the external sur- 
face of the base of the skull. It presents a 
number of features which may be examinect: 
(1) near the apex is a rough quadrilateral 
surface, partly for the attachment of the le- 
vator veli palatini and the cartilaginous por- 
tion of the auditory tube, and partly for con- 
nection with the basilar part of the occipital 
bone through the intervention of some dense 
fibrous tissue; (2) posterior to this is the large 
circular aperture of the carotid canal, which 
transmits the internal carotid artery and the 
carotid plexus of sympathetic nerve fibers 
into the cranium; (3) medial and posterior to 
the carotid opening and anterior to the jugu- 
lar fossa is a triangular depression at the 
apex of which is a small opening, the coch- 
lear canaliculus; it lodges a tubular prolon- 
gation of the dura mater establishing a com- 
munication between the perilymphatic 
space and the subarachnoid space and _ it 
transmits a vein from the cochlea to the in- 
ternal jugular; (4) posterior to these openings 
is a deep depression of varying depth and 
size, the jugular fossa, containing the bulb of 
the internal jugular vein: (5) in the bony 
ridge between the carotid canal and the jug- 
ular fossa is the small canaliculus for the 
tympanic nerve through which passes the 
tympanic branch of the glossopharyngeal 
nerve; (6) in the lateral part of the jugular 
fossa ts the mastoid canaliculus for the en- 
trance into the petrous portion of the tempo- 
ral bone of the auricular branch of the vagus 
nerve; (7) behind the jugular fossa is a quad- 
rilateral area, the jugular surface, which is 
covered with cartilage in the intact body, 
and which articulates with the jugular proc- 
ess of the occipital bone; (8) extending poste- 
riorly from the carotid canal is the vaginal 
process, a sheath-like plate of bone, which 
divides behind into two laminae: the lateral 
lamina is continuous with the tympanic part 
of the bone; the medial, with the lateral mar- 
gin of the jugular surface; (9) between these 
laminae is a sharp spine, the styloid process; 
(10) between the styloid and mastoid proc- 
esses is the stylomastoid foramen, which is 
the termination of the facial canal and 
transmits the facial nerve and stylomastoid 
artery; (11) situated between the tympanic 


portion of the temporal bone and the mas- 
toicd process is the tympanomastoid fissure, 
through which the auricular branch of the 
vagus nerve usually exits from the temporal 
bone. 

Margins. The superior margin of the pet- 
rous portion is grooved for the superior pe- 
trosal sinus (Fig. 4-94), and gives attachment 
to the tentorium cerebelli. At its medial ex- 
tremity 1s a noteh, in which the roots of the 
trigeminal nerve lie. 

The posterior margin is marked on its 
medial half by a sulcus which forms, with a 
corresponding sulcus on the occipital bone, 
the channel for the inferior petrosal sinus. 
The lateral half of the posterior margin pre- 
sents an excavation, the jugular fossa, 
which, with the jugular notch on the occipi- 
tal bone, forms the jugular foramen. An emi- 
nence occasionally projects from the center 
of the fossa, dividing the foramen into two. 

The petrosquamous suture (Fig. 4-94), 
which is quite distinct in early life, unites 
the petrous and squamosal parts. This bor- 
der of the petrous bone might be considered 
the anterior margin, and here are located 
two canals, one above the other, separated 
by a thin plate of bone, the septum canalis 
musculotubarii (Fig. 4-95). Both canals lead 
into the tympanie cavity. The upper one 
(semicanalis m. tensoris tympani) transmits 
the tensor tympani muscle; the lower one 
(semicanalis tubae auditivae) forms the 
bony part of the auditory tube. 

The tympanic cavity, auditory ossicles, 
and internal ear are described with the 
organ of hearing in the chapter on the Or- 
gans of the Senses. 

TYMPANIC PART. ‘The tympanic part of the 
temporal bone is a curved osseous plate 
lying inferior to the squama and anterior to 
the mastoid process (Fig. 4-93). Internally, 
the tympanie part is fused with the petrous 
portion, and appears in the angle between it 
and the squama, where it lies inferior and 
lateral to the orifice of the auditory tube. 
Posteriorly, it blends with the squama and 
mastoid portion and forms the anterior 
boundary of the tympanomastoid fissure. 
The posterior surface of the tympanie part is 
concave, and forms the anterior wall, the 
floor, and part of the posterior wall of the 
bony external acoustic meatus. Medially, 
this surface presents a narrow furrow, the 
tympanic sulcus, for the attachment of the 


tympanic membrane. The anterior surface 
of the tympanic part is quadrilateral and 
slightly concave. It constitutes the posterior 
boundary of the mandibular fossa and fre- 
quently is in contact with the retromandib- 
ular part of the parotid gland. Its lateral bor- 
der is largely free and rough, but does give 
attachment to the cartilaginous part of the 
external acoustic meatus. Its superior border 
fuses laterally with the postglenoid process, 
while medially it bounds the tympano- 
squamosal fissure. The medial part of the in- 
ferior border is thin and sharp, while more 
laterally this border splits to enclose the root 
of the styloid process. It is called the vaginal 
process or sheath of the styloid process. The 
central portion of the tympanic part is thin, 
and in a considerable percentage of skulls 
presents a small foramen (of Huschke) 
which represents a nonossified site. 

The external acoustic meatus is nearly 
2 cm long and is directed inward and slightly 
forward. At the same time it forms a slight 
curve, so that the floor of the canal is convex 
superiorly. Its anterior wall, floor, and infe- 
rior part of the posterior wall are formed by 
the tympanic portion, while the roof and 
superior part of the posterior wall are 
formed by the squama. The inner end of the 
meatus is Closed in the intact body by the 
tympanic membrane, thereby separating the 
tympanic cavity of the middle ear from the 
external ear. The superior limit of its outer 
orifice is bounded above by the posterior 
root of the zygomatic protess, immediately 
below which is sometimes seen the small 
suprameatal spine, situated at the upper and 
posterior part of the orifice. 

The styloid process of the temporal bone 
(Figs. 4-93; 4-97) is slender and pointed, and 
varies in length from 1 to as much as 4cm. It 
projects downward and forward, from the 
inferior surface of the temporal bone imme- 
diately in front of the stylomastoid foramen. 
Its proximal or basal part (tympanohyal) is 
ensheathed by the vaginal process of the 
tympanic portion, while its distal or project- 
ing part (stylohyal) gives attachment to the 
stylohyoid and stylomandibular ligaments, 
and to the styloglossus, stylohyoid, and sty- 
lopharyngeus muscles. The stylohyoid liga- 
ment, which may be more or less ossified, 
extends from the apex of the process to the 
lesser horn of the hyoid bone. The styloman- 
dibular ligament, which is fibrous in struc- 
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ture, courses from its attachment on the sty- 
loid process below the origin of the 
styloglossus to the angle of the mandible. 


OSSIFICATION. The temporal bone is _ ossified 
from at least eight centers, exclusive of those for the 
ossicles of the middle ear and the labyrinthine struc- 
tures of the internal ear. The centers include one for 
the squama and zygomatic process, one for the tym- 
panic part, four for the petrous and mastoid parts, 
and two for the styloid process. 

At birth (Fig. 4-98) the temporal bone consists of 
three principal parts: (1) The squama is ossified in 
membrane from a single nucleus, which appears 
near the root of the zygomatic process about the 
second month. (2) The petromastoid part is devel- 
oped from at least four centers, which make their 
appearance in the cartilaginous otic (ear) capsule at 
the end of the fifth month and during the sixth pre- 
natal month. The centers are named according to 
their position relative to the embryonic otic capsule. 
One (pro-otic) appears in the region of the arcuate 
eminence and spreads anterior and superior to the 
internal acoustic meatus, extending to the apex of 
the bone. It forms part of the cochlea, vestibule, 
superior semicircular canal, and medial wall of the 
tympanic cavity. A second (opisthotic) appears at the 
promontory on the medial wall of the tympanic cav- 
ity and surrounds the cochlear window. It forms the 
floor of the tympanic cavity and vestibule, surrounds 
the carotid canal, invests the lateral and lower part 
of the cochlea, and spreads medially below the inter- 
nal acoustic meatus. A third (pterotic) appears over 
the lateral semicircular canal and spreads to the 
tegmen tympani, roofing in the tympanic cavity and 
antrum. The fourth (epiotic) appears near the poste- 
rior semicircular canal and extends to form the mas- 
toid process. (3) At birth the tympanic part is an 
incomplete ring, in the concavity of which is a 
groove, the tympanic sulcus, for the attachment of 
the circumference of the tympanic membrane. This 
ring ossifies in membrane from a single center which 
appears during the ninth or tenth fetal week. 

The styloid process is developed from the proxi- 
mal part of the cartilage of the second visceral or 
hyoid arch. It ossifies by means of two centers: one 
for the proximal part, the tympanohyal, appears be- 
fore birth; the other, comprising the rest of the proc- 
ess, IS named the sty/ohya/, and does not appear 
until the second year after birth. 

The tympanic ring unites with the squama shortly 
before birth. The petromastoid part and squama join 
during the first year, and at about the same time, the 
tympanohyal portion of the styloid process unites 
with the inferior surface of the temporal bone (Figs. 
4-99; 4-100). The stylohyal portion of the styloid 
process does not unite with the rest of the bone until 
after puberty, and in some skulls never at all. 

After birth the principal changes in the temporal 
bone apart from increase in size are: (1) The tym- 
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Fic. 4-98. The three principal parts of the temporal bone at birth. A, Outer surface of petromastoid part. B, Inner 


surface of tympanic ring. C, Inner surface of squama. 


panic ring extends laterally and backward to form 
the tympanic part of the bone. This growth does not 
take place at an equal rate all around the circumfer- 
ence of the ring, but occurs most rapidly on its ante- 
rior and posterior portions. These outgrowths meet 
and blend, and thus, for a time, there exists in the 
floor of the meatus an opening called the foramen of 
Huschke. This foramen is usually closed about the 
fifth year, but may persist throughout life. (2) The 
mandibular fossa is at first extremely shallow, and 
faces laterally as well as inferiorly. It becomes 
deeper and is ultimately directed inferiorly. Its 
change in direction is the result of growth phenom- 
ena. The part of the squama that forms the fossa lies 
at first inferior to the level of the zygomatic process. 
As the base of the skull increases in width, however, 
this lower part of the squama ts directed horizontally 
inward to contribute to the bony middle fossa of the 
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Fic. 499, Lateral aspect of the temporal bone at birth. 
Note the shallow, laterally oriented mandibular fossa. 


skull, and its surfaces therefore come to face superi- 
orly and inferiorly. The attached portion of the zygo- 
matic process also becomes everted and projects 
like a shelf at right angles to the squama. (3) The 
mastoid portion is at first quite flat, and the stylomas- 
toid foramen and rudimentary styloid process lie 
immediately behind the tympanic ring. With the 
development of the air cells the lateral part of the 
mastoid portion grows inferiorly and anteriorly to 
form the mastoid process. The styloid process and 
stylomastoid foramen now come to lie on the inferior 
surface. The descent of the foramen is necessarily 
accompanied by a corresponding lengthening of the 
facial canal. (4) The downward and forward growth 
of the mastoid process also pushes forward the tym- 
panic part, so that the portion of it that formed the 
original floor of the meatus at birth (and contained 
the foramen of Huschke) is ultimately found in the 
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Fic. 4-100. Medial aspect of the temporal bone at birth. 
Note the widely open subarcuate fossa. 


anterior wall. (5) On the posterior aspect of the pet- 
rous portion, the subarcuate fossa, which is quite 
pronounced and widely open at birth (Fig. 4-100), 
gradually becomes filled and almost obliterated. 

ARTICULATIONS. The temporal articulates with 
five bones: occipital, parietal, sohenoid, mandible, 
and zygomatic. 


SPHENOID BONE 


The sphenoid bone (os sphenoidale; Figs. 
4-101 to 4-103) is situated at the base of the 
skull anterior to the temporal bones and bas- 
ilar part of the occipital. Its shape somewhat 
resembles a bat with its wings extended. 

The sphenoid bone consists of a median 
portion or body, two great wings, two small 
wings extending outward from the sides of 
the body, and two pterygoid processes, 
which project from the inferior surface of 
the bone. 

THE BODY. The body (corpus sphenoidale), 
more or less cubical in shape, is hollow and 
forms two large cavities, the sphenoidal air 
sinuses, which are separated from each 
other by a thin septum. 

The superior or intracranial surface of the 
body (Fig. 4-101) presents the prominent eth- 
moidal spine rostrally, for articulation with 
the cribriform plate of the ethmoid bone. 
Posterior to this is a smooth surface called 
the jugum sphenoidale, which is slightly 
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raised in the midline and grooved on each 
side for the olfactory tracts of the brain. This 
surface is bounded posteriorly by a ridge 
that forms the anterior border of the narrow, 
transversely oriented chiasmatic groove 
(optic groove), on which the optic chiasma 
lies. On each side the groove leads to the 
optic canal, which transmits the optic nerve 
and ophthalmic artery into the orbital cav- 
ity. Posterior to the chiasmatic groove is an 
elevation, the tuberculum sellae. Still more 
posteriorly is located a hollow depression, 
the sella turcica, the deepest part of which 
lodges the hypophysis cerebri and is known 
as the hypophysial fossa. The anterior 
boundary of the sella turcica is completed 
by two small eminences, one on each side, 
called the middle clinoid processes. The 
posterior boundary is formed by a square 
plate of bone, the dorsum sellae, which ends 
at its superior angles in two tubercles, the 
posterior clinoid processes. These may vary 
considerably in size and form in different 
skulls. The posterior clinoid processes 
deepen the sella turcica and give attachment | 
to the tentorium cerebelli. On either side of 
the dorsum sellae is a notch along which 
passes the abducent nerve. Inferior to the 
notch is located the petrosal process, which 
articulates with the apex of the petrous por- 
tion of the temporal bone and forms the 
medial boundary of the foramen lacerum. 
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The sphenoid bone. Superior aspect. 
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Fig. 4-102. Sphenoid bone. Posterior aspect, viewed from above. 


Posterior to the dorsum sellae is a shallow _ great wing is a broad groove, curved some- 


depression, the clivus, which slopes posteri- _ thing like the italic letter f, named the ca- 
orly and is continuous witha similar groove _ rotid sulcus. It lodges the internal carotid 
on the basilar portion of the occipital bone. artery, the cavernous sinus, and their related 
It supports the pons and the basilar artery. autonomic nerve fibers. Along the posterior 


The lateral surfaces of the body are united "part of the lateral margin of this groove, in 
with the great wings and the medial ptery- the angle between the body and the great 
goid plates. Above the attachment of each ~ wing, is a ridge of bone called the lingula. 
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Fic. 4-103. The sphenoid bone. Anterior and inferior surfaces. 
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The posterior surface (Fig. 4-102) is quad- 
rilateral in shape and joined, during infancy 
and adolescence, to the basilar part of the 
occipital bone by a disc of hyaline cartilage 
forming the sphenoccipital synchondrosis. 
This becomes ossified between the eight- 
eenth and twenty-fifth years. 

The anterior surface of the body (Fig. 4- 
103) forms the posterior wall of the nasal 
cavity and presents, in the midline, the sphe- 
noidal crest, which articulates with the per- 
pendicular plate of the ethmoid bone to 
form part of the septum of the nose. On each 
side of the crest is a rounded opening lead- 
ing into the corresponding sphenoidal air 
sinus. These sinuses are two large irregular 
cavities within the body of the sphenoid 
bone. They are seldom symmetrical and 
vary considerably in form and size. Often 
they are partially subdivided by irregular 
bony laminae, and occasionally extend into 
the basilar part of the occipital bone almost 
as far as the foramen magnum. Partially 
closed in front by two thin, curved plates of 
bone, the sphenoidal conchae, the sinuses 
communicate anteriorly through rounded 
openings with the sphenoethmoidal recess 
of the nasal cavity. The lateral margin of the 
anterior surface is serrated and articulates 
with the orbital lamina of the ethmoid bone, 
completing the posterior ethmoidal cells. 
The inferior margin articulates with the or- 
bital process of the palatine bone, and the 
superior margin with the orbital plate of the 
frontal bone. , 

The inferior surface of the body of the 
sphenoid bone also forms part of the poste- 
rior wall of the nasal cavity. It presents, in 
the midline, a triangular spine, the sphenoi- 
dal rostrum, which is continuous with the 
sphenoidal crest of the anterior surface and 
is received into a deep fissure between the 
alae of the vomer. On each side of the ros- 
trum is a projecting lamina, the vaginal proc- 
ess, directed medially from the base of the 
medial pterygoid plate. 

GREAT WINGS. The great wings of the 
sphenoid bone are two strong processes that 
arise from the sides of the body and curve 
upward and laterally. The posterior part of 
each wing projects as a triangular process, 
which fits into the angle between the squama 
and the petrous portion of the temporal 
bone and presents at its apex an inferiorly 
directed process, the sphenoidal spine 
(Fig. 4-101). 
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The superior or cerebral surface of each 
great wing (Figs. 4-70; 4-101) forms part of 
the middle cranial fossa. It is deeply concave 
and presents depressions for the convolu- 
tions of the temporal lobe of the brain. At its 
anterior and medial part is a circular aper- 
ture, the foramen rotundum, through which 
passes the maxillary nerve. Posterior and 
lateral to this is the foramen ovale, for the 
transmission of the mandibular nerve, the 
accessory meningeal artery, and sometimes 
the lesser petrosal nerve. The lesser petrosal 
nerve sometimes passes through a special 
canal (canaliculus innominatus) situated 
medial to the foramen spinosum. Medial to 
the foramen ovale, a smal] aperture, the 
emissary sphenoidal foramen (of Vesalius), 
is frequently seen. It opens inferiorly near 
the scaphoid fossa, and transmits a small 
vein from the cavernous sinus to the ptery- 
goid plexus. In the posterior angle near the 
sphenoidal spine is the foramen spinosum, 
which transmits the middle meningeal ves- 
sels and a recurrent branch from the man- 
dibular nerve. 

The temporal surface (lateral surface; Fig. 
4-62) is convex, and divided by a transverse 
ridge, the infratemporal crest, into temporal 
and infratemporal portions. The superior or 
temporal portion gives attachment to the 
temporalis muscle, while the inferior or in- 
fratemporal, smaller in size, enters into the 
formation of the infratemporal fossa and, 
together with the infratemporal crest, af- 
fords attachment to the pterygoideus later- 
alis muscle. It is pierced by the foramen 
ovale and foramen spinosum, and at its pos- 
terior part is the sphenoidal spine, which 
frequently is grooved on its medial surface 
for the chorda tympani nerve. To the sphe- 
noidal spine are attached the sphenoman- 
dibular ligament and the tensor veli palatini 
muscle. Medial to the anterior extremity of 
the infratemporal crest is a triangular proc- 
ess that serves to increase the attachment of 
the lateral pterygoid muscle. A ridge extends 
downward and medialward from this proc- 
ess on the anterior part of the lateral ptery- 
goid plate. This ridge defines the anterior 
limit of the infratemporal surface and, in the 
articulated skull, the posterior boundary of 
the pterygomaxillary fissure. 

The orbital surface of the great wing is 
smooth and quadrilateral (Fig. 4-103) and 
forms the posterior part of the lateral wall of 
the orbit. Its serrated superior margin articu- 
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lates with the orbital plate of the frontal 
bone. Its rounded inferior margin forms the 
posterolateral boundary of the inferior or- 
bital fissure. Its sharp medial margin forms 
the inferior boundary of the superior orbital 
fissure (Fig. 4-102). Projecting from about its 
center is a little tubercle that gives attach- 
ment to part of the fibrous tendinous ring 
from which arise the rectus muscles of the 
eyeball. At this site on the ring arises the in- 
ferior head of the rectus lateralis oculi mus- 
cle. At the upper part of this medial margin 
is a notch for the transmission of a recurrent 
branch of the lacrimal artery. Its /ateral 
margin is serrated and articulates with the 
zygomatic bone. Inferior to the medial end 
of the superior orbital fissure is a grooved 
surface, which forms the posterior wall of 
the pterygopalatine fossa and is pierced by 
the foramen rotundum. 

The posterior margin of the great wing 
(Figs. 4-101; 4-102), which extends from the 
body to the sphenoidal spine, is irregular in 
shape. Medially near the body it forms the 
anterior wall of the foramen lacerum. It also 
presents the posterior aperture of the pter- 
ygoid canal (Fig. 4-102), through which 
passes the corresponding nerve and artery. 
Its lateral half articulates, by means of a car- 
tilaginous joint, with the petrous portion of 
the temporal bone, forming the spheno- 
petrosal synchondrosis. Between the two 
bones, on the inferior surface of the skull, is 
a furrow, the sulcus tubae auditivae, which 
lodges the cartilaginous part of the auditory 
tube. Anterior to the sphenoidal spine, the 
concave, serrated squamous margin, bevelled 
at the expense of the inner table inferiorly, 
and of the outer table superiorly, articulates 
with the temporal squama. At the tip of the 
great wing is a triangular portion, the parie- 
tal margin (Fig. 4-102), bevelled at the ex- 
pense of the internal surface, for articulation 
with the sphenoidal angle of the parietal 
bone. On the lateral surface of the skull, this 
site is named the pterion. Medial to this is a 
triangular, serrated surface, the frontal mar- 
gin for articulation with the frontal bone 
(Fig. 4-103). This surface is continuous medi- 
ally with the sharp edge, which forms the 
inferior boundary of the superior orbital fis- 
sure, and laterally with the zygomatic mar- 
gin for articulation with the zygomatic bone 
(Fig. 4-103). 

LESSER WINGS. The lesser wings of the 
sphenoid bone are two thin triangular plates, 
which arise from the superior and anterior 


parts of the sphenoidal body and, projecting 
laterally, end in sharp points (Fig. 4-101). 

The superior surface is flat and supports 
part of the frontal lobe of the brain. The in- 
ferior surface forms the posterior part of the 
roof of the orbit and the superior boundary 
of the superior orbital fissure. The anterior 
border is serrated for articulation with the 
orbital plate of the frontal bone. The poste- 
rior border, smooth and rounded, is received 
into the lateral fissure of the brain; the me- 
dial end of this border forms the anterior 
clinoid process and gives attachment to the 
tentorium cerebelli. The anterior clinoid 
process is sometimes united to the middle 
clinoid process by a spicule of bone, and 
when this happens the termination of the 
groove for the internal carotid artery is con- 
verted into the caroticoclinoid foramen. The 
small wing is connected to the body by two 
roots: a thin, flat superior root and a thicker, 
triangular inferior root. Between the two 
roots is the optic canal for the transmission 
of the optic nerve and ophthalmic artery. 

A superior orbital fissure (Fig. 4-103) is tri- 
angular in shape and leads from the cavity of 
the cranium into that of the orbit. It is 
bounded medially by the sphenoidal body, 
superiorly by the small wing, inferiorly by 
the medial margin of the orbital surface of 
the great wing, and completed laterally by 
the frontal bone between the great and lesser 
wings. Into the orbit, the fissure transmits 
the oculomotor, trochlear, and abducent 
nerves, the three branches of the ophthalmic 
division of the trigeminal nerve, some sym- 
pathetic nerve filaments from the internal 
carotid and cavernous plexuses, and the 
orbital branch of the middle meningeal ar- 
tery. Into the cranial cavity from the orbit, 
the fissure transmits a recurrent branch from 
the lacrimal artery to the dura mater and the 
ophthalmic veins. 

PTERYGOID PROCESSES. The pterygoid 
processes, one on each side of the sphenoid 
bone, project downward perpendicularly 
from the inferior region where the body and 
great wing unite. Each pterygoid process 
consists of a medial and lateral pterygoid 
plate, the superior parts of which are fused 
anteriorly. The pterygopalatine groove, a 
vertical sulcus, descends anterior to the line 
of fusion. The plates are separated inferiorly 
by an angular cleft, the pterygoid fissure, the 
rough margins of which articulate with the 
pyramidal process of the palatine bone. The 
two plates diverge posteriorly and enclose 


between them a V-shaped fossa, the ptery- 
goid fossa (Fig. 4-102), which contains the 
medial pterygoid and tensor veli palatini 
muscles. Superior to this fossa is a small, 
oval depression, the scaphoid fossa, which 
gives origin to part of the tensor veli palatini. 
The anterior surface of the pterygoid proc- 
ess is broad and triangular near its root, 
where it forms the posterior wall of the pter- 
ygopalatine fossa. The anterior orifice of the 
pterygoid canal opens at this site (Fig. 4-103). 

The lateral pterygoid plate is broad, thin, 
and everted. Its lateral surface forms part of 
the medial wall of the infratemporal fossa 
and gives origin to the lateral pterygoid mus- 
cle. Its medial surface forms part of the pter- 
ygoid fossa and gives attachment to the me- 
dial pterygoid. 

The medial pterygoid plate is narrower 
and longer than the lateral. It curves later- 
ally at its inferior extremity into a hook-like 
process, the pterygoid hamulus, around 
which the tendon of the tensor veli palatini 
muscle glides. The lateral surface of this 
plate forms part of the pterygoid fossa, and 
the belly of the tensor veli palatini lies adja- 
cent to it. The medial surface of the medial 
pterygoid plate constitutes the lateral 
boundary of the choana or posterior aper- 
ture of the corresponding nasal cavity. Supe- 
riorly the medial plate is prolonged onto the 
inferior surface of the body as a thin lamina, 
named the vaginal process (Fig. 4-103), 
which articulates anteriorly with the sphe- 
noidal process of the palatine and posteri- 
orly with the ala of the vomer. The angular 
prominence between the posterior margin of 
the vaginal process and the medial border of 
the scaphoid fossa is named the pterygoid 
tubercle, and immediately superior to this is 
the posterior opening of the pterygoid canal 
(Fig. 4-102). On the inferior surface of the 
vaginal process is a furrow, which is con- 
verted into the palatovaginal canal by the 
sphenoidal process of the palatine bone. 
This canal transmits the pharyngeal branch 
of the maxillary artery and the pharyngeal 
nerve from the pterygopalatine ganglion. 
The pharyngobasilar fascia is attached to the 
entire length of the posterior margin of the 
medial pterygoid plate, and the constrictor 
pharyngis superior muscle takes origin from 
its inferior third. Projecting dorsally from 
near the middle of the posterior edge of this 
plate is an angular process, the processus 
tubarius, which supports the pharyngeal end 
of the auditory tube. The anterior margin of 
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the medial pterygoid plate articulates with 
the posterior border of the perpendicular 
plate of the palatine bone. 

The pterygoid canal (Vidian canal) 
courses anteroposteriorly within the part of 
the body of the sphenoid to which each pter- 
ygoid process is attached. When the sphe- 
noidal sinus is extensive, the canal is cov- 
ered by a ridge of bone in the floor of the 
sinus. The posterior orifice opens into the 
foramen lacerum (Fig. 4-102), the anterior 
into the pterygopalatine fossa (Fig. 4-103). 
The canal measures 1 to 2mm in diameter 
and transmits the nerve of the pterygoid 
canal (Vidian nerve) and a small branch of 
the pterygopalatine portion of the maxillary 
artery called the artery of the pterygoid 
canal. 

The sphenoidal conchae (Fig. 4-103) are 
two thin, curved plates, situated at the ante- 
rior part of the body of the sphenoid. An 
aperture of variable size exists in the ante- 
rior wall of each, and through this the sphe- 
noidal sinus opens into the sphenoethmoidal 
recess of the nasal cavity. The inferior sur- 
face of these plates is convex and forms part 
of the roof of the nasal cavity. 


OSSIFICATION. The greater part of the sphenoid 
bone ts first formed in cartilage. Until the seventh or 
eighth month of fetal life the body of the sphenoid 
may be considered to consist of two parts. One part, 
anterior to the tuberculum sellae, is named the pre- 
sphenoid and is continuous with the lesser wings. 
The other, comprising the sella turcica and dorsum 
sellae, is called the postsphenoid and has attached 
to it the great wings and pterygoid processes. There 
are fourteen ossification centers in all, six for the 
presphenoid and eight for the postsphenoid. 

Presphenoid Ossification. About the ninth 
week of fetal life an ossific center appears for each of 
the lesser wings (orbitosphenoids) just lateral to the 
optic canal. Shortly afterward two nuclei appear in 
the presphenoid part of the body. The sphenoidal 
conchae are each developed from ossification cen- 
ters, which make their appearance about the fifth 
prenatal month. At birth the conchae consist of 
small triangular laminae, and it is not until the third 
year that they become hollow and cone-shaped. 
About the fourth year the conchae join the labyrinths 
of the ethmoid, and between the ninth and twelfth 
years their union with the sphenoid becomes ossi- 
fied. 

Postsphenoid Ossification. The first ossific 
nuclei are those for the great wings (ali-sphenoids). 
One makes its appearance at the base of each wing 
between the foramen rotundum and foramen ovale 
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about the eighth week. These centers ossify only the 
more proximal parts of the great wings, while the 
orbital plate and the lateral part of the great wings, 
as well as the lateral pterygoid plates, are ossified in 
membrane. Two centers for the postsphenoid part of 
the body appear soon after those of the great wings. 
These develop on each side of the sella turcica and 
fuse about the middle of fetal life. Each medial ptery- 
goid plate (with the exception of its hamulus) ts ossi- 
fied in membrane, and its center probably appears 
about the ninth or tenth week. The hamulus be- 
comes chondrified during the third month, and al- 
most at once undergoes ossification. The medial and 
lateral pterygoid plates join about the sixth month. 
During the fourth month a center appears for each 
lingula and speedily joins the rest of the bone. 

The presphenoid fuses to the postsphenoid por- 
tion of the body about the eighth month, and at birth 
the bone consists of three parts (Fig. 4-104): a cen- 
tral, which includes the body and small wings, and 
two lateral, each consisting of a great wing and pter- 
ygoid process. In the first year after birth the great 
wings and body unite in the region of the pterygoid 
canal. The lesser wings extend inward above the an- 
terior part of the body and, meeting in the midline, 
form an elevated smooth surface, termed the jugum 
sphenoidale. By the twenty-fifth year the sphenoid 
and occipital bones are completely fused. 

The craniopharyngeal canal, through which the 
hypophyseal diverticulum is connected with buccal 
ectoderm in fetal life, occasionally persists between 
the presphenoid and postsphenoid parts of the 
sphenoid bone. Epithelial lined cysts (craniopharynge- 
Omas) may develop along the course of a persist- 
ing craniopharyngeal canal. 

The sphenoid sinuses are present as minute cavi- 
ties in the body of the sphenoid at the time of birth, 
but do not attain their full size until after puberty. 

Rif IF FlaMENTS The more important of 
these are: the pterygospinous, stretching between 
the sphenoidal spine and the superior part of the 
lateral pterygoid plate; the interclinoid, a fibrous 
process joining the anterior to the posterior clinoid 
process; and the caroticoclinoid, connecting the 
anterior to the middle clinoid process. These liga- 
ments occasionally ossify. 
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ARTICULATIONS Centrally positioned, the sphe- 
noid bone articulates with all the other bones of the 
cerebral cranium. Totally, it articulates with twelve 
bones: four single—the vomer, ethmoid, frontal, 
and occipital; and four paired—the parietal, tempo- 
ral, zygomatic, and palatine. It also sometimes artic- 
ulates with the tuberosity of the maxilla. 


ETHMOID BONE 


The ethmoid bone (os ethmoidale; Figs. 
4-105 to 4-108) is cuboidal in shape and ex- 
ceedingly light and spongy. It is situated at 
the anterior part of the base of the cranium, 
between the two orbits, and forms part of 
the medial wall of each orbit as well as part 
of the nasal septum and much of the roof 
and lateral walls of the nasal cavity. The eth- 
moid consists of four parts: a horizontal or 
cribriform plate, forming part of the base of 
the cranium; a perpendicular plate, consti- 
tuting part of the nasal septum; and two lat- 
eral masses called ethmoidal labyrinths. 

The cribriform plate (Fig. 4-105) is re- 
ceived into the ethmoidal notch of the fron- 
tal bone and forms most of the roof of the 
nasal cavities. Projecting superiorly into the 
cranial fossa from the midline of this plate is 
a thick, smooth triangular process, the crista 
galli, so called from its resemblance to a 
cock’s comb. The long thin posterior border 
of the crista galli serves for the attachment 
of the falx cerebri. The anterior border of 
the cribriform plate is short and thick, and it 
presents two small projecting alae, which 
are received into corresponding depressions 
in the frontal bone, thereby completing the 
foramen cecum. Its sides are smooth and 
sometimes bulge due to the presence of a 
small air sinus in the interior. On each side 
of the crista galli, the cribriform plate is nar- 
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Fic. 4-105. Ethmoid bone from above. 


row and deeply grooved; it supports the ol- 
factory bulb and is perforated by the olfac- 
tory foramina for the passage of the 
olfactory nerves. At the anterior part of the 
cribriform plate, on each side of the crista 
galli, is a small fissure that is occupied by a 
process of dura mater. Lateral to this fissure 
is a notch or foramen, which transmits the 
nasociliary nerve; from this notch a groove 
extends backward to the anterior ethmoid 
foramen. 

The perpendicular plate (Figs. 4-106; 4- 
107) is a thin, flattened lamina, which de- 
scends from the cribriform plate and assists 
in forming the septum of the nose. The ante- 
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rior border articulates with the spine of the 
frontal bone and the crest of the nasal bones. 
The posterior border articulates with the 
sphenoidal crest above and the vomer 
below. The inferior border is thicker than 
the posterior, and serves for the attachment 
of the septal cartilage of the nose. The sur- 
faces of the plate are smooth except superi- 
orly, where numerous grooves and canals 
lead from the medial foramina in the cribri- 
form plate and lodge filaments of the olfac- 
tory nerves. 

The labyrinth or lateral mass (Fig. 4-107) 
consists of a number of thin-walled cellular 
cavities which are arranged in three groups, 
the anterior, middle, and posterior ethmoi- 
dal air cells. These are interposed between 
two vertical plates of bone. The lateral plate 
forms part of the orbit; the medial, part of 
the corresponding nasal cavity. In the dis- 
articulated bone many of the cells appear 
open, but in the articulated skull they are 
completely closed except where their ostia 
open into the nasal cavity. 

The superior surface of the labyrinth (Fig. 
4-105) presents a number of incompletely 
closed cells, the walls of which are com- 
pleted, in the articulated skull, by the edges 
of the ethmoidal notch of the frontal bone. 
Crossing this surface on each side are two 
grooves, which are converted into canals by 
articulation with the frontal bone. These are 
the anterior and posterior ethmoidal canals, 
which open on the inner wall of the orbit. 
The posterior surface of the labyrinth (Fig. 







with 
Frontal bone 


with 
Nasal bone 





Septal cartilage of nose 


Fic. 4-106. Perpendicular plate of ethmoid bone, exposed by removing the right labyrinth. Lines of articulation are 
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4-107) presents large irregular cellular cavi- 
ties, which are closed by articulation with 
the sphenoidal conchae and orbital proc- 
esses of the palatine bones. The lateral sur- 
face of the labyrinth (Fig. 4-108) is formed by 
a thin, smooth, oblong plate, the lamina 
orbitalis, which covers the middle and pos- 
terior ethmoidal cells and forms a large part 
of the medial wall of the orbit. This plate 
articulates above with the orbital plate of 
the frontal bone, below with the maxilla and 
orbital process of the palatine, anteriorly 
with the lacrimal, and posteriorly with the 
sphenoid. 

Anterior to the lamina orbitalis are some 
air cells, which are overlapped and com- 
pleted by the lacrimal bone and the frontal 
process of the maxilla. A thin, curved, bony 
lamina, the uncinate process, projects inferi- 
orly and posteriorly from this part of the lab- 
yrinth (Figs. 4-107; 4-108). It forms part of the 
medial wall of the maxillary sinus and artic- 
ulates with the ethmoidal process of the in- 
ferior nasal concha. 

The medial surface of the labyrinth (Fig. 
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4-109) forms part of the lateral wall of the 
corresponding nasal cavity. It consists of a 
thin, rough lamella, which extends down- 
ward from the cribriform plate and ends 
below in a free, scroll-shaped, convoluted 
margin, the middle nasal concha. Superi- 
orly, the medial surface is marked by numer- 
ous grooves lodging branches of the olfac- 
tory nerves which are distributed to the 
uppermost nasal mucous membrane. The 
posterior part of the medial surface of the 
labyrinth is subdivided by a narrow antero- 
posterior fissure, the superior meatus of the 
nose, which separates the superior nasal 
concha from the middle concha. The middle 
concha extends along the whole anteropos- 
terior extent of the medial surface of the lab- 
yrinth, and its margin is free and thick. The 
superior concha extends only about half as 
far anteriorly as the middle concha, and its 
free margin is less thick. Posteriorly, the su- 
perior meatus extends upward as a deep 
groove under cover of the superior concha, 
and the posterior ethmoidal air cells open 
into it. The middle meatus of the nose is an 
extensive narrow channel extending antero- 
posteriorly and upward under cover of the 
middle concha. Continuing upward and for- 
ward from the middle meatus is a deep 
curved passage, the infundibulum. The an- 
terior ethmoidal cells open into the infun- 
dibulum, and in about half the skulls the 
infundibulum continues upward as the fron- 
tonasal duct into the frontal sinus. The os- 
tium of the maxillary sinus opens into the 
bottom of the middle part of the infundibu- 
lum. The lateral wall of the middle meatus 
contains a rounded swelling called the bulla 
ethmoidalis. The middle ethmoid air cells 
lie within the bulla and open above it. The 
portion of the wall of the meatus posterior to 









Crista galli 
Ala 


Anterior 
ethmoidal cells 


Perpendicular 
plate 


Uncinate process 


Ethmoid bone from the right lateral aspect. 









Superior meatus 


Middle meatus 


Uncinate process 
of ethmoid 


Inferior meatus 








AXIAL SKELETON 21 


Frontal sinus 


Crista galli 












Sella turcica 


Openings into 
maxillary sinus 


Medial pterygoid plate 


Hamulus 


Fic. 4-109. Lateral wall of the right nasal cavity, showing the ethmoid bone (red) and the inferior nasal concha (blue). 


the infundibulum is lacking in bone and may 
fail to be closed by mucous membrane in the 
intact body, thus providing an accessory 
opening into the maxillary sinus. 
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OSSIFICATION. The ethmoid ts ossified in the car- 
tilage of the nasal capsule by three centers: one for 
the perpendicular plate and one for each labyrinth. 

The labyrinths are developed first as granules of 
bone that make their appearance between the fourth 
and fifth months of fetal life in the region of the lam- 
ina orbitalis, which then extends into the conchae. 
At birth, the ethmoid bone consists of two partially 
ossified labyrinths, which are small and poorly de- 
veloped. The remainder of the bone is still cartilagi- 
nous. During the first postnatal year the perpendicu- 
lar plate and crista galli begin to ossify from a single 
center, fusing with the labyrinths at about the begin- 
ning of the second year. The cribriform plate is ossi- 
fied partly from the perpendicular plate and partly 
from the labyrinths. The ethmoidal cells commence 
forming before birth, and become well defined by 
the third year. They form by bone resorption, even 
as the ethmoid bone grows, and come to occupy the 
two labyrinths. 

ARTICULATIONS. The ethmoid bone articulates 
with thirteen other bones. Two of these, the frontal 
and sphenoid, are of the cranium. The remaining 


eleven are of the face, and include the two nasals, 
two maxillae, two lacrimals, two palatines, two in- 
ferior nasal conchae, and the vomer. 


SUTURAL BONES 


In addition to the usual centers of ossifica- 
tion of the cranium, other centers may occur 
in the course of the sutures, especially those 
related to the parietal bones. These may give 
rise to irregular, isolated bones, termed su- 
tural or Wormian bones. They occur most 
frequently in the course of the lambdoid su- 
ture, but are occasionally seen at the fonta- 
nelles, especially the posterior. A pterion 
ossicle, or epipteric bone, sometimes exists 
between the sphenoidal angle of the parietal 
bone and the great wing of the sphenoid. 
Sutural bones have a tendency to be more or 
less symmetrical on ‘the two sides of the 
skull, and vary much in size. Their number 
is generally limited to two or three, but more 
than a hundred have been found in the skull 
of an adult hydrocephalic subject. Sutural 
bones are rarely seen in lines of union be- 
tween facial bones. 
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The nasal bones (Figs. 4-110 to 4-112) are 
two small oblong bones which vary in form 
and size in different individuals. They are 
placed side by side between the frontal 
processes of the maxillary bones, and by 
their junction, form the bridge of the nose 
(Fig. 4-64). The nasal bones are wider and 
thinner inferiorly, where they join the nasal 
cartilages, than they are superiorly. Each 
nasal bone presents two surfaces and four 
borders. 

The internal surface (Fig. 4-110) is concave 
from side to side and is traversed by a longi- 
tudinal groove, the ethmoidal sulcus, for the 
passage of the external nasal branch of the 
anterior ethmoidal nerve. The external sur- 
face (Fig. 4-111) is convex from side to side 
and is perforated at about its center by one 
or two foramina for the transmission of 
small external nasal veins. It is covered by 
the procerus and nasalis muscles. 

The superior border is narrow, thick, and 
serrated for articulation with the nasal notch 
of the frontal bone. The inferior border is 
thin and gives attachment to the lateral carti- 
lage of the nose. Near its middle is a small 
notch which marks the end of the ethmoidal 
sulcus lodging the external nasal nerve. The 
lateral border is serrated and articulates 
with the frontal process of the maxilla. The 
medial border is thicker above than below 
and articulates with the opposite nasal bone. 
This border is prolonged posteriorly as a 
vertical crest which forms a small part of the 
nasal septum. This crest articulates with the 
nasal spine of the frontal bone, the perpen- 
dicular plate of the ethmoid, and the carti- 
lage of the nasal septum. 
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Fic 4-111 Right nasal bone. External surface. Borders 
of articulation indicated in green. 


OSSIFICATION. Each nasal bone ts ossified from 
one center which appears during the eighth or ninth 
week of fetal life in the membrane overlying the an- 
terior part of the cartilaginous nasal capsule. The 
nasal bones at birth are nearly square in shape, but 
as facial development ensues, they become nearly 
three times as long as they are wide. 

ARTICULATIONS. Each nasal bone articulates with 
four bones: two of the cranium—the frontal and 
ethmoid, and two of the face—the opposite nasal 
and the maxilla. 


MAXILLARY BONE 


The maxillae (upper jaw) are the largest 
bones of the face. excepting the mandible, 
and by their union form the whole of the 
upper jaw. Each assists in forming the 
boundaries of four cavities: the roof of the 
mouth, the floor and lateral wall of the nasal 
cavity, the floor of the orbit, and the maxil- 
lary sinus. The maxillae support the upper 
teeth and enter into the formation of two fos- 
sae, the infratemporal and pterygopalatine, 
and two fissures, the inferior orbital and 
pterygomaxillary. Each bone consists of a 
body and four processes—zygomatic, fron- 
tal, alveolar, and palatine. 

BODY OF THE Maxitta. The body is some- 
what pyramidal in shape and is hollowed by 
a large cavity, the maxillary sinus. It has 
four surfaces—an anterior or facial, a poste- 
rior or infratemporal, a superior or orbital, 
and a medial or nasal. 

The anterior or facial surface (Fig. 4-112) is 
directed forward and laterally, and presents 
inferiorly a series of eminences correspond- 
ing to the positions of the roots of the teeth. 
Superior to those of the incisor teeth is a 
depression. the incisive fossa (Fig. 4-113). 
which gives origin to the depressor septi 
muscle. To the alveolar border below the 
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Fic. 4-112, Lateral aspect of the maxilla showing the articulations of the nasal and lacrimal bones with the maxilla. 


fossa a slip of the orbicularis oris is attached, 
and above and a little lateral to it, the nasalis 
muscle arises. Lateral to the incisive fossa is 
another depression, the canine fossa. It is 
larger and deeper than the incisive fossa, 
and is separated from it by a vertical ridge, 
the canine eminence, corresponding to the 








Infraorbital 
foramen 


Nasal notch 


Incisive 
fossa 


Incisor ae 
S: Canine, Premolars, 


Lacrimal tubercle 


socket of the canine tooth. The canine fossa 
gives origin to the levator anguli oris. Above 
the canine fossa is the infraorbital foramen, 
which is the anterior orifice of the infraor- 
bital canal and transmits the infraorbital 
vessels and nerve. Above the foramen is the 
sharp, inferior margin of the orbit, which 
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Fig. 4-113. Left maxilla. Outer surface. 
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affords attachment to the levator labii 
superioris muscle. Medially, the anterior 
surface is limited by a deep concavity, the 
nasal notch, which ends below in a pointed 
process. This latter process joins with the 
one from the opposite maxilla to form the 
anterior nasal spine. 

The posterior or infratemporal surface 
(Fig. 4-113) is convex, directed laterally and 
posteriorly, and forms the anterior wall of 
the infratemporal fossa. It is separated from 
the anterior surface of the maxilla by the 
Zvgomatic process and by a strong ridge, ex- 
tending upward from the socket of the first 
molar tooth. It is pierced about its center by 
the apertures of two or three alveolar canals 
which transmit the posterior superior alveo- 
lar vessels and nerves. At the inferior part of 
this surface is a rounded eminence, the max- 
illary tuberosity, especially prominent after 
the growth of the wisdom tooth. The tuber- 
osity 1s rough on its medial side for articula- 
tion with the pyramidal process of the pala- 
tine bone. It gives origin to a few fibers of the 
medial pterygoid muscle, and in some in- 
stances it articulates with the lateral ptery- 
goid plate of the sphenoid. Immediately 
above this is a smooth surface, which forms 
the anterior boundary of the pterygopalatine 
fossa and presents a laterally directed 
groove for the maxillary nerve. This groove 
is continuous with the infraorbital groove on 
the orbital surface. 

The superior or orbital surface (Figs. 4-65; 
4-113) is smooth and triangular and forms 
the greater part of the floor of the orbit. It is 
bounded medially by an irregular margin, 
the lacrimal notch, behind which it articu- 
lates with the lacrimal bone, the lamina 
orbitalis of the ethmoid bone, and the orbital 
process of the palatine bone. It is bounded 
posteriorly by a smooth rounded edge, 
which forms the anterior margin of the infe- 
rior orbital fissure. At times it articulates at 
its lateral extremity with the orbital surface 
of the great wing of the sphenoid. Anteri- 
orly, the orbital surface is limited by a small 
portion of the circumference of the orbit, 
continuous medially with the frontal process 
and laterally with the zygomatic process. 
Near the middle of the posterior part of the 
orbital surface is the infraorbital groove, for 
the passage of the infraorbital vessels and 
nerve. The groove begins near the middle of 
the posterior border (Fig. 4-112). where it is 
continuous with the groove for the maxillary 


nerve. Passing rostrally, the infraorbital 
groove ends in a canal which then subdi- 
vides into two canals. One of these, the in- 
fraorbital canal, opens just below the margin 
of the orbit at the infraorbital foramen. The 
other canal, which is smaller, courses down- 
ward in the substance of the anterior wall of 
the maxillary sinus, and transmits the ante- 
rior superior alveolar vessels and nerve to 
the front teeth. From the posterior part of the 
injraorbital canal, an additional smalll’Gaimat 
sometimes courses in the lateral wall of the 
sinus, conveying the middle alveolar nerve 
to the premolar teeth. Anteromedially on the 
orbital surface, just lateral to the lacrimal 
groove, is a depression from which arises the 
inferior oblique muscle of the eyeball. 

The nasal surface (Fig. 4-114) assists in the 
formation of the lateral wall of the corre- 
sponding nasal cavity and presents postero- 
superiorly a large, irregular opening leading 
into the maxillary sinus. At the superior bor- 
der of this aperture (also called the maxil- 
lary hiatus) are some incomplete air cells 
which, in the articulated skull, are closed in 
by the ethmoid and lacrimal bones. Below 
the aperture of the maxillary sinus is a 
smooth concavity which forms part of the 
inferior meatus of the nasal cavity, and pos- 
terior to it is a rough surface for articulation 
with the perpendicular part of the palatine 
bone. A groove commencing near the mid- 
dle of the posterior border and running 
obliquely downward and forward is con- 
verted into the greater palatine canal by ar- 
ticulation with the palatine bone. Rostral to 
the opening of the sinus is the lacrimal 
groove, which is converted into the naso- 
lacrimal canal by the lacrimal bone and in- 
ferior nasal concha. This canal opens into 
the inferior meatus of the nose and transmits 
the nasolacrimal duct. More anteriorly the 
bone is marked by an oblique ridge, the 
conchal crest, for articulation with the infe- 
rior nasal concha. The shallow concavity 
superior to this ridge forms part of the 
atrium of the middle meatus, and that infe- 
rior to it, part of the inferior meatus. 

MAXILLARY SINUS. The maxillary sinus 
(Figs. 4-114; 4-115) is a large pyramidal cavity 
within the body of the maxilla. Its walls are 
thin and correspond to the nasal, orbital, 
anterior, and infratemporal surfaces of the 
body of the bone. Its apex is oriented later- 
ally and corresponds to the zygomatic proc- 
ess. The base of the maxillary sinus is 
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* Frontal bone 


Orbital plate of frontal bone 


Anterior ethmoidal foramen 

Orbital lamina of ethmoid bone 

Posterior ethmoid foramen 

Optic foramen 

Orbital process of palatine bone 


Sella turcica 
f 5 Foramen rotundum 





Nasal bone 


Dacryon 
Lacrimal bone 


Posterior lacrimal crest 


Probe in 


Lacrimal fossa pterygoid canal 


Sphenopalatine foramen 
Uncinate process 


of ethmoid bone Pterygopalatine canal 


Openings of 
maxillary air sinus 


Inferior nasal concha 


Palatine bone 


Lateral pterygoid lamina 
Maxillary sinus 


Pyramidal process of 


palatine bone 
Maxilla 


A 





Fic. 4-115. The infratemporal surface of the maxilla has been opened from the lateral side to reveal the maxillary 
sinus. This exposure also demonstrates the nasal (medial) wall of the sinus and the three bony structures that partially 
cover it: perpendicular plate of the palatine bone, the inferior nasal concha, and the uncinate process of the ethmoid 
bone. 
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bounded by the nasal wall, which is di- 
rected medially and presents, in the disartic- 
ulated bone, a large, irregular aperture, com- 
municating with the nasal cavity. In the 
articulated skull this aperture is partly 
closed by the following bones: the uncinate 
process of the ethmoid, the maxillary proc- 
ess of the inferior nasal concha, the perpen- 
dicular plate of the palatine, and a small part 
of the lacrimal (Figs. 4-72; 4-73; 4-114; 4-115). 
In the dried skull the sinus communicates 
with the middle meatus, generally by two 
small apertures between the above-men- 
tioned bones. In the intact body, however, 
usually one small opening exists near the 
upper part of the cavity, since the other is 
closed by mucous membrane. On the poste- 
rior wall of the maxillary sinus are ridges 
formed by the alveolar canals, which trans- 
mit the posterior superior alveolar vessels 
and nerves to the molar teeth. 

The floor of the sinus is formed by the al- 
veolar process of the maxilla. When the 
sinus is average in size, its floor is on a level 
with the floor of the nose; if the sinus is 
large, it extends below this level. Projecting 
into the floor of the sinus are several conical 
processes corresponding to the roots of the 
teeth. The bone separating the roots of the 
teeth from the sinus is quite thin. The roots 
of the upper molar teeth occasionally extend 
into the sinus, but diseased roots of any of 
the maxillary teeth can communicate with 
the sinus. The infraorbital canal usually 
projects into the cavity as a well-marked 
ridge extending from the roof to the anterior 
wall. The size of the sinus cavity varies in 
different skulls, and even on the two sides of 
the same skull. 

Of the four 
bony processes of the maxilla, two—the zy- 
gomatic and frontal—belong to the upper 
part of the bone, and two—the alveolar and 
palatine—belong to the lower part. 

The zygomatic process (Fig. 4-112) is a 
rough triangular eminence, situated at the 
angle of separation of the anterior, infratem- 
poral, and orbital surfaces. Above it is rough 
and serrated for articulation with the zygo- 
matic bone. Below it presents a prominent 
arched border which marks the division be- 
tween the anterior and infratemporal sur- 
faces. In front it forms part of the anterior 
surface of the maxilla, while behind it is 
concave and forms part of the infra- 
temporal fossa. 


The frontal process (Figs. 4-112; 4-113) is a 
strong plate which projects upward and 
backward and forms part of the lateral 
boundary of the nose. Its lateral surface is 
smooth and gives attachment to the levator 
labit superioris alaeque nasi, the orbicularis 
oculi, and the medial palpebral ligament. Its 
medial surface forms a portion of the lateral 
wall of the nasal cavity. At its upper part is a 
rough, uneven area which articulates with 
the ethmoid bone and closes the anterior 
ethmoidal cells. Inferior to this is an oblique 
ridge, the ethmoidal crest, the posterior end 
of which articulates with the middle nasal 
concha and forms the upper limit of the 
atrium of the middle meatus, while the ante- 
rior part, which is termed the agger nasi, is an 
elevation on the lateral wall of the nasal cav- 
ity. The superior border articulates with the 
frontal bone while the anterior border artic- 
ulates with the nasal bone. The posterior 
border is thick and hoJlowed into a groove, 
which is continuous below with the lacrimal 
groove on the nasal surface of the body. The 
lateral margin of the groove is named the an- 
terior lacrimal crest. At its junction with the 
orbital surface is the small lacrimal tubercle, 
which serves as a guide to the position of the 
lacrimal sac. The posterior border of the 
frontal process articulates with the lacrimal 
bone to form the lacrimal fossa for the 
lodgement of the lacrimal sac. 

The alveolar process (Figs. 4-113; 4-114) is 
the thickest and most spongy part of the 
maxilla. Its arched shape is broader behind 
than anteriorly, and it is excavated by eight 
deep cavities for the reception of the teeth. 
These sockets vary in size and depth accord- 
ing to the teeth they contain. The socket for 
the canine tooth is the deepest, while those 
for the molars are widest and subdivided 
by bony septa into three smaller sockets, 
each receiving a root. The incisors and the 
second upper premolar generally have one 
root and therefore their sockets are single, 
but the upper first premolar frequently has a 
bifid root and therefore a two-cavity socket. 
The buccinator arises from the outer surface 
of the alveolar process, as far anteriorly as 
the first molar tooth. When the maxillae are 
articulated with each other, their alveolar 
processes together form the alveolar arch, 
and the center of the anterior margin of this 
arch is named the alveolar point. 

The palatine process (I°igs. 4-114; 4-116) is 
horizontal and projects medially from the 
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The inferior aspect of the bony palate and the alveolar arch. In this young specimen the incisive suture 
was well delineated. Note that the skeleton of the hard palate consists of the palatine processes of the maxillae and the 


horizontal laminae (plates) of the palatine bones. 


nasal surface of the bone. It is thick and 
strong and forms a considerable part of the 
floor of the nose and roof of the mouth. Its 
inferior surface (Fig. 4-116) is concave, 
rough, and uneven, and forms, with the pala- 
tine process of the opposite bone, the ante- 
rior three-fourths of the hard palate. It is 
perforated by numerous foramina for the 
passage of nutrient vessels and presents little 
depressions for the palatine glands. At the 
posterior part of the lateral border near the 
last molar tooth are grooves for the transmis- 
sion of the greater palatine vessels and 
nerve. When the two maxillae are articu- 
lated, an oblong depression, the incisive 
fossa, is seen in the midline immediately 
behind the incisor teeth. In this fossa the ori- 
fices of two lateral canals, named the right 
and left incisive canals (or foramina of 
Stenson), are visible. Through each passes a 
terminal branch of the greater palatine ar- 
tery into the nasal cavity from the oral cavity 


and the nasopalatine nerve into the oral cav- 
ity from the nasal cavity. Occasionally two 
additional canals are present in the midline. 
They are termed the anterior and posterior 
median incisive canals (or the foramina 
of Scarpa) and, when present, transmit 
branches of the nasopalatine nerves, the left 
passing through the anterior and the right 
through the posterior canal. On the inferior 
surface of the palatine process, a delicate 
linear incisive suture, best seen in young 
skulls, may sometimes be noticed extending 
laterally and rostrally on both sides of the 
incisive fossa to the interval between the lat- 
eral incisor and the canine tooth. The small 
part anterior to this suture constitutes the in- 
cisive bone or premaxilla, which in most 
vertebrates is identifiable as an independent 
bone. It includes the whole thickness of the 
alveolus, the corresponding part of the floor 
of the nose, and the anterior nasal spine, and 
contains the sockets of the incisor teeth. 
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The classic view that the human incisive 
bone is quite comparable to the premaxilla 
of other vertebrates has been questioned on 
the basis of certain ossification studies. 

The superior surface of the palatine proc- 
ess is smooth and concave from side to side 
and forms a large part of the floor of the 
nasal cavity (Fig. 4-114). The lateral border 
of the palatine process is fused with the 
nasal surface of the body of the maxilla 
above and the alveolar process below. The 
medial border is thicker anteriorly than be- 
hind, and is raised into a ridge, the nasal 
crest, which, with the corresponding ridge of 
the opposite maxilla, forms a groove for the 
reception of the vomer. The anterior part of 
this ridge is raised considerably and is 
named the incisor crest. This is prolonged 
forward into a sharp process which, together 
with the same process from the opposite 
maxilla, forms the anterior nasal spine. The 
posterior border of the palatine process is 
serrated for articulation with the horizontal 
part of the palatine bone. 


OSSIFICATION. Several descriptions of the ossifi- 
cation in membrane of the maxilla have been offered 
over the years and there is still some uncertainty on 
the subject. The commonly read and classically de- 
scribed mode of ossification goes back to, among 
others, that of Franklin Mall (1906), and was reas- 
serted by Chase (1942). These authors claimed that 
the maxilla ossifies from only two centers, one for 
the maxilla proper, which appears above the canine 
fossa, and one for the premaxilla, which is located in 
front of the developing incisor teeth. These two cen- 
ters appear between the sixth and eighth week of 
fetal life and unite at the beginning of the third 
month. Others (Kolliker, 1885; Fawcett, 1911; 
Woo, 1949) described at least two centers of ossifi- 
cation in the premaxilla, one along the incisor tooth 
germ and the other along the medial wall of the 
paraseptal cartilage, thereby claiming that the maxil- 
lary bone as a whole develops from at least three 
ossification centers. Finally, some investigators 
(Wood et al., 1967, 1969) feel that separate maxil- 
lary and premaxillary ossification centers do not de- 
velop, and that the entire maxilla ossifies from a sin- 
gle primary ossification lamina that extends from the 
region of the body of the maxilla. 

Controversy on the premaxillary bone actually 
dates to the appearance in 1543 of Vesalius’ great 
work, De Humani Corporis Fabrica, in which Vesalius 
repudiated the views of Galen who had described 
the human premaxilla as a Separate bone, the condi- 
tion Galen had encountered in his dissections of 
monkeys, dogs, and swine. Vesalius denied for the 
first time the existence of the premaxillary suture line 
on the facial aspect of the human skull, which Galen 


had described, even if the palatal suture line could at 
times be seen. In a very complete review of this sub- 
ject, Ashley-Montegue (1935) stated ‘‘that in pri- 
mates, with the exception of man, the premaxilla 
may be observed upon the facial aspect of the skull 
suturally quite distinctly separated from the maxilla 
in almost all sub-adult as well as in many adult indi- 
viduals. /n /ate fetal and postnatal man, no trace of a 
separation of this bone from the maxilla upon the 
face is observed, although the palatine portion of the 
premaxilla may be distinctly observed in the majority 
of infant crania, and may be encountered in some 
26.0 percent of adult crania.” 

ARTICULATIONS. The maxilla articulates with nine 
bones: two of the cranium, the frontal and ethmoid, 
and seven of the face, the nasal, zygomatic, lacri- 
mal, inferior nasal concha, palatine, vomer, and the 
opposite maxilla. Sometimes it articulates with the 
orbital surface and sometimes with the lateral ptery- 
goid plate of the sphenoid. 

CHANGES WITH AGE. At birth the transverse and 
anteroposterior diameters of the bone are each 
greater than the vertical (Figs. 4-117; 4-118). The 
frontal process is well marked and the body of the 
bone consists of little more than the alveolar process 
with the teeth sockets reaching almost to the floor of 
the orbit. The maxillary sinus is represented by a 
furrow on the lateral wall of the nasal cavity. /n the 
adu/t the vertical diameter is the greatest, owing to 
the development of the alveolar process and the in- 
crease in size of the sinus. /n o/d age the maxilla 
reverts in some measure to the infantile condition. 
Its height is diminished, and after loss of the teeth 
the alveolar process is absorbed, and the lower part 
of the bone is contracted and reduced in thickness. 


PALATINE BONE 


The palatine bone is situated in the poste- 
rior part of each nasal cavity between the 
maxilla and the pterygoid process of the 
sphenoid (Fig. 4-119). Each palatine bone 
assists in forming the posterior part of the 
hard palate, part of the floor and lateral wall 
of the nasal cavity, and the floor of the orbit. 
It enters into the formation of the pterygo- 
palatine, pterygoid, and infratemporal fos- 
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Fic. 4-117. Anterior surface of maxilla at birth. 





Fic. 4-118. Inferior surface of maxilla at birth. 


sac, and the inferior orbital fissure. The pal- 
aline bone somewhat resembles the letter L, 
and consists of a horizontal and a perpendic- 
ular plate. It also presents three prominent 
processes, the pyramidal, which is directed 
backward and laterally from the junction of 
the two parts, and the orbital and sphenoidal 
processes, which extend from the vertical 
part and are separated by the sphenopala- 
tine notch. 

HORIZONTAL PLATE. ‘The horizontal plate 
resembles somewhat the palatine process of 
the maxilla, and it is quadrilateral in shape, 
presenting two surfaces and four borders 
(Figs. 4-120; 4-121). 

The nasal or superior surface is smooth 
and concave from side to side, and forms the 
posterior part of the floor of the nasal cavity. 
The palatine or inferior surface is more 
rough and forms, with the corresponding 
surface of the opposite bone, the posterior 
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one-fourth of the hard palate (Fig. 4-116). 
Near its posterior margin may be seen a 
transverse ridge, called the palatine crest, to 
which attaches a part of the aponeurosis of 
the tensor veli palatini muscle. 

The anterior border is serrated, and artic- 
ulates with the palatine process of the max- 
la. The posterior border is concave, frec, 
and serves for the attachment of the palatine 
aponeurosis, which forms the tendinous 
core of the soft palate. Its medial end is 
Sharp and pointed and, when united with 
that of the opposite bone, forms a projecting 
process, the posterior nasal spine for the at- 
tachment of the musculus uvulae. The lat- 
eral border is united to the lower margin of 
the perpendicular plate and is grooved by 
the lower end of the greater palatine canal. 
The medial border is the thickest and is ser- 
rated for articulation with the corresponding 
border of the opposite palatine bone. Its su- 
perior edge is raised into a ridge, which, 
united with the opposing ridge, forms the 
nasal crest for articulation with the poste- 
rior part of the lower edge of the vomer. 

PERPENDICULAR PLATE. ‘lhe perpendicular 
plate is thin and long, and presents two sur- 
faces and four borders (Figs. 4-120; 4-121). 

The inferior part of the medial or nasal 
surface exhibits a broad, shallow depres- 
sion, which forms part of the inferior meatus 
of the nasal cavity. Superior to this is a 
prominent horizontal ridge, the conchal 
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Fic. 4-119. Articulation of Jeft palatine bone with maxilla. Viewed from the medial aspect. 
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crest, which articulates with the inferior 
nasal concha. Still higher is a second broad, 
shallow depression, which forms part of the 
middle meatus and is limited by the ethmoi- 
dal crest, for articulation with the middle 
nasal concha. Above the ethmoidal crest is a 
narrower and deeper horizontal groove, 
which forms part of the superior meatus. 

The lateral or maxillary surface is rough 
and irregular throughout the greater part of 
its extent for articulation with the nasal sur- 
face of the maxilla. Its posterosuperior part 
is smooth where it helps form the medial 
wall of the pterygopalatine fossa. Its anterior 
portion is also smooth, and here it forms the 
posterior part of the medial wall of the max- 
illary sinus. On the posterior part of the 
maxillary surface is the deep, vertical 
greater palatine groove, which upon articu- 
lation with the maxilla becomes the greater 
palatine canal. Through the canal courses 
the greater palatine vessels and nerve. 

The anterior border is thin and irregular. 
Opposite the conchal crest is a pointed, pro- 
jecting lamina, the maxillary process, which 
articulates with the inferior nasal concha 
and helps form the medial wall of the maxil- 
lary sinus (Fig. 4-115). The posterior border 
presents a deep groove, the edges of which 
are serrated for articulation with the medial 
pterygoid plate of the sphenoid. This border 
is continuous above with the sphenoidal 
process and expands into the pyramidal 
process. The superior border is marked by 
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the orbital process in front and the sphenoi- 
dal process behind. These processes are sep- 
arated by the sphenopalatine notch, which is 
converted into the sphenopalatine foramen 
by articulation with the inferior surface of 
the body of the sphenoid. In the articulated 
skull this foramen leads from the pterygo- 
palatine fossa into the posterior part of the 
nasal cavity and transmits the sphenopala- 
tine vessels and the posterior superior nasal 
nerves. The inferior border is fused with the 
lateral edge of the horizontal plate. Immedi- 
ately anterior to the pyramidal process is the 
lower end of the greater palatine groove. 

| The pyramidal proc- 
ess (Fig. 4-121) projects laterally from the 
junction of the horizontal and perpendicular 
plates and is received into the angular inter- 
val between the inferior extremities of the 
pterygoid plates. On its posterior surface is a 
smooth, grooved triangular area limited on 
each side by a rough articular furrow. The 
furrows articulate with the pterygoid plates, 
while the grooved intermediate area com- 
pletes the lower part of the pterygoid fossa 
and gives origin to a few fibers of the medial 
pterygoid muscle. The anterior part of the 
lateral surface is rough, for articulation with 
the tuberosity of the maxilla. Its posterior 
part consists of a smooth triangular area 
which appears, in the articulated skull, be- 
tween the tuberosity of the maxilla and the 
inferior part of the lateral pterygoid plate, 
and completes the infratemporal fossa. On 


the base of the pyramidal process, close to 
its union with the horizontal plate, are the 
lesser palatine foramina for the transmission 
of the lesser palatine nerves and vessels. 

The orbital process 
(Figs. 4-119 to 4-121) is directed superiorly 
and laterally from the perpendicular plate, 
to which it is connected by a constricted 
neck. It encloses an air sinus and presents 
five surfaces, three of which are articular 
and two nonarticular. The articular surfaces 
are: (1) the anterior or maxillary, oblong in 
form, and rough for articulation with the 
maxilla; (2) the posterior or sphenoidal, di- 
rected backward, upward, and medially and 
presenting the opening of the air sinus that 
usually communicates with the sphenoidal 
sinus (the margins of the opening are ser- 
rated for articulation with the sphenoidal 
concha); (3) the medial or ethmoidal, di- 
rected forward and articulating with the lab- 
yrinth of the ethmoid. In some cases the air 
sinus opens on this surface of the bone and 
then communicates with the posterior eth- 
moidal cells. More rarely it opens on both 
the ethmoidal and sphenoidal surfaces, and 
then communicates with the posterior eth- 
moidal cells and the sphenoidal sinus. The 
nonarticular surfaces are: (1) the superior or 
orbital, which is triangular in shape, is di- 
rected upward and laterally, and forms the 
posterior part of the floor of the orbit; and (2) 
the lateral, which is oblong in form and sep- 
arated from the orbital surface by a rounded 
border that enters into the formation of the 
inferior orbital fissure. 

The sphenoidal 
process (Fig. 4-119) is a thin, compressed 
plate, much smaller than the orbital, and di- 
rected superiorly and medially. It presents 
three surfaces and three borders. The supe- 
rior surface articulates with the root of the 
medial pterygoid plate and the inferior sur- 
face of the sphenoidal concha. It presents a 
groove that contributes to the formation of 
the palatovaginal canal. The medial surface 
is concave and forms a small part of the lat- 
eral wall of the nasal cavity. The lateral sur- 
face is divided into an articular portion, 
which is rough, for articulation with the 
medial pterygoid plate, and a nonarticular 
portion, which is smooth and forms part of 
the pterygopalatine fossa. The medial border 
reaches as far as the ala of the vomer for 
articulation. The anterior border forms the 
posterior boundary of the sphenopalatine 
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notch. The serrated posterior border articu- 
lates with the vaginal process of the medial 
pterygoid plate. 

The orbital and sphenoidal processes are 
separated from one another by the spheno- 
palatine notch (Fig. 4-119), which becomes 
the sphenopalatine foramen by the inferior 
surface of the sphenoid bone. Sometimes the 
two processes are united above and form 
between them a complete sphenopualatine 
foramen (Fig. 4-120), or the notch may be 
crossed by one or more spicules of bone, giv- 
ing rise to two or more foramina. 


The palatine bone is ossified in 
membrane from a single center, which makes its 
appearance about the eighth week of fetal life at the 
angle of junction between the horizontal and per- 
pendicular plates of the bone. From this point ossifi- 
cation spreads medialward to the horizontal plate 
and downward into the pyramidal process. By the 
tenth week ossification has spread upward into the 
perpendicular plate and its orbital and sphenoidal 
processes. At the time of birth the height of the per- 
pendicular plate is about equal to the transverse 
width of the horizontal plate. As the maxilla grows 
and the nasal cavities increase in depth, the perpen- 
dicular plate in the adult eventually measures about 
twice as much as the horizontal plate. 

The palatine bone articulates 
with six other bones: the sphenoid, ethmoid, max- 
illa, inferior nasal concha, vomer, and the opposite 
palatine. 


The inferior nasal conchae are a slender 
pair of bones, each of which extends hort- 
zontally along the lateral wall of the nasal 
cavity (Figs. 4-72; 4-73; 4-109). Each inferior 
concha consists of a lamina of spongy bone, 
curled upon itself like a scroll, and it is so 
located as to separate the middle meatus in 
the nasal cavity from the inferior meatus. It 
has two surfaces, two borders, and two ex- 
tremities. 

The medial surface (Fig. 4-122) is convex, 
perforated by numerous apcrtures, and tra- 
versed by longitudinal grooves for the 
lodgment of vessels. The lateral surface is 
concave (Fig. 4-123), faces the lateral wall of 
the nasal cavity, and forms part of the infe- 
rior meatus. Its superior border is thin and 
irregular, and articulates with four bones: 
the maxillary, lacrimal, ethmoid, and pala- 
tine bones. This border may be divided into 
three portions: anterior, middle, and poste- 
rior. The anterior arliculates with the 
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Fic. 4-122. Right inferior nasal concha. Medial surface. 


conchal crest of the maxilla; the posterior 
with the conchal crest of the palatine. The 
middle portion presents three well-marked 
processes, which vary much in size and 
form. Of these, the lacrimal process is small 
and pointed and is situated at the junction of 
the anterior one-fourth with the posterior 
three-fourths of the bone. By its apex, it ar- 
ticulates with the descending process of the 
lacrimal bone, and by its margins, with the 
nasolacrimal groove on the medial surface 
of the maxilla just behind the frontal proc- 
ess. Thus, it assists in forming the canal for 
the nasolacrimal duct. Posterior to the lacri- 
mal process is a broad, thin plate, the eth- 
moidal process, which ascends to articulate 
with the uncinate process of the ethmoid. 
Extending inferiorly and laterally from the 
ethmoidal process is a thin lamina, the max- 
illary process, which articulates with the 
maxilla and forms a part of the medial wall 
of the maxillary sinus. The inferior border is 
free, thick, and spongy in structure, more 
especially in the middle of the bone. Both 
extremities are more or less pointed, the pos- 
terior being the more tapering. 


OSSIFICATION. The inferior nasal concha is ossi- 
fied from a single center, which appears about the 
fifth month of fetal life in the lateral wall of the carti- 
laginous nasal capsule. 

ARTICULATIONS. The inferior nasal concha articu- 
lates with four bones. From anterior to posterior 
these are the maxillary, lacrimal, ethmoid, and pala- 
tine (Fig. 4-122). 





Fic. 4-123. Right inferior nasal concha. Lateral surface. 


THE VOMER 


The vomer is situated in the median plane, 
but its anterior portion is frequently devia- 
ted to one side or the other. It is thin, un- 
paired, flat, and irregularly quadrilateral, 
and forms the posterior and inferior part of 
the nasal septum (Fig. 4-124). It has two sur- 
faces and four borders. The surfaces are 
marked by small furrows for blood vessels, 
and on each is the nasopalatine groove, 
which courses obliquely downward and for- 
ward and lodges the nasopalatine nerve and 
vessels (Fig. 4-125). The superior border, the 
thickest, presents a deep furrow, bounded 
on each side by a horizontal projecting ala of 
bone. The furrow receives the rostrum of the 
sphenoid, while the margins of the alae ar- 
ticulate with the vaginal processes of the 
medial pterygoid plates of the sphenoid be- 
hind, and with the sphenoidal processes of 
the palatine bones in front. The inferior bor- 
der articulates with the nasal crest formed 
by the maxillae and palatine bones. The an- 
terior border is the longest, and it slopes 
downward and forward. Its superior half is 
fused with the perpendicular plate of the 
ethmoid, while its inferior half is grooved to 
receive the inferior margin of the septal car- 
tilage of the nose. The posterior border is 
free and concave, and separates the choanae, 
or posterior nasal apertures. It is thick and 
bifid above, and thin below. 


OSSIFICATION. At an early period the septum of 
the nose consists of a cartilaginous plate. The poste- 
rior superior part of this cartilage is ossified to form 
the perpendicular plate of the ethmoid. Its anterior 
inferior portion persists as the septal cartilage, while 
the vomer is ossified in the connective tissue mem- 
brane covering its posterior inferior part. Two ossifi- 
cation centers, One on each side of the midline, ap- 
pear about the eighth week of fetal life in this part of 
the membrane, and hence the vomer consists pri- 
marily of two lamellae. At about the third month 
these unite below the cartilaginous plate, and thus a 
deep groove is formed in which the septal cartilage 
of the nose becomes lodged. As growth proceeds, 
the union of the ossified lamellae extends anteriorly 
and superiorly, and at the same time the intervening 
plate of cartilage undergoes absorption. By puberty 
the lamellae are almost completely united to form a 
median plate, but evidence of the bilaminar origin of 
the bone is seen in the everted alae of its upper bor- 
der and the groove on its anterior margin. 

ARTICULATIONS. The vomer articulates with six 
bones: two of the cranium—the sphenoid and eth- 
moid; and four of the face—the two maxillae and 
the two palatine bones. It also articulates with the 
septal cartilage of the nose. 
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Fig. 4-124. The anterior portion of the skull has been bisected in the midline leaving the bony nasal septum which - 
separates the two nasal cavities. Observe that the septum is a thin sheet of bone formed almost entirely by the vomer 
and the perpendicular plate of the ethmoid, although small contributions to the septum are made by the rostrum of the 
sphenoid posteriorly and the nasal spine of the frontal bone anteriorly. Note the articular surfaces of the vomer with 
the sphenoid, ethmoid, maxillae, and palatine bones. Additionally, it articulates with the septal cartilage. 


LACRIMAL BONE 


The lacrimal bone, the smallest and most 
fragile bone of the face, is situated at the an- 
terior part of the medial wall of the orbit 
(Fig. 4-112). It is quadrilateral in shape and 
presents two surfaces and four borders. 

The lateral or orbital surface (Fig. 4-126) is 
divided by a vertical ridge, the posterior lac- 
rimal crest, into two parts. Anterior to the 
crest is a longitudinal groove, the lacrimal 
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Fic. 4-125. The vomer. Left lateral aspect. 


sulcus, which unites with the frontal process 
of the maxilla to form the fossa of the lacri- 
mal sac. The upper part of this fossa lodges 
the lacrimal sac, and the lower part, the 
nasolacrimal duct. Posterior to the crest, the 
lateral surface of the lacrimal bone is 
smooth and forms part of the medial wall of 
the orbit. The crest, with a part of the orbital 
surface immediately behind it, gives origin 
to the lacrimal part of the orbicularis oculi 
muscle. The posterior lacrimal crest ends 
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Fic. 4-126. The left lacrimal bone. The lateral (or or- 
bital) aspect. 
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inferiorly in a small, hook-like projection, 
the lacrimal hamulus, which articulates with 
the lacrimal tubercle of the maxilla, and 
completes the upper orifice of the osseous 
canal for the nasolacrimal duct. The lacri- 
mal hamulus sometimes exists as a separate 
small bone, and it is then called the lesser 
lacrimal bone. 

The medial or nasal surface presents a 
longitudinal furrow, corresponding to the 
crest on the lateral surface. The area anterior 
and inferior to this furrow forms part of the 
middle meatus of the nose. The portion pos- 
terior and superior to the furrow articulates 
with the ethmoid and completes some of the 
anterior ethmoidal cells. 

The anterior border articulates with the 
frontal process of the maxilla, while the pos- 
terior border articulates with the lamina 
orbitalis of the ethmoid. The superior border 
articulates with the frontal bone, and the in- 
ferior border is divided by the lower edge of 
the posterior lacrimal crest into a posterior 
part, which articulates with the orbital plate 
of the maxilla, and an anterior part, which is 
prolonged downward as a descending proc- 
ess. The latter articulates with the lacrimal 
process of the inferior nasal concha and as- 
sists in forming the canal for the nasolacrimal 
duct. 


The lacrimal bone is ossified from 

a single center, which appears about the twelfth 

week of prenatal life in the membrane covering the 

cartilaginous nasal capsule. Ossification of the 

hamulus from a separate center has been reported. 

The lacrimal bone articulates 

with four bones: two of the cranium—the frontal 

and ethmoid, and two of the facial skeleton—the 
maxilla and the inferior nasal concha. 


The zygomatic bone (Figs. 4-127 to 4-129) 
is nearly quadrangular and is situated in the 
upper lateral aspect of the face. It forms the 
prominence of the cheek, part of the lateral 
wall and floor of the orbit, and part of the 
bony walls of the temporal and infratempo- 
ral fossae. It presents lateral, orbital, and 
temporal surfaces; frontal and temporal 
processes; and five borders. 

The lateral surface (Figs. 4-127; 4-128) is 
convex, and it is perforated toward the or- 
bital border by a small aperture, the zygo- 
maticofacial foramen, through which passes 
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Left zygomatic bone in situ. 


the zygomaticofacial nerve and _ vessels. 
Below this foramen is a slight elevation, 
which gives origin to the zygomaticus minor 
and the levator labii superioris muscles. 
The temporal surface (Fig. 4-129) is di- 
rected medially and posteriorly. It is con- 
cave and presents medially a rough, triangu- 
lar area for articulation with the maxilla. 
Laterally, its smooth, concave surface ex- 
tends superiorly behind the frontal process 
to form the bony anterior boundary of the 
temporal fossa. More posteriorly the tempo- 
ral surface of the zygomatic bone also forms 
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Left zygomatic bone. Lateral surface. 
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Left zygomatic bone, temporal surface. 
Note that the posteromedial border articulates with two 
bones, the sphenoid and the maxilla. 


part of the boundary of the infratemporal 
fossa. Near the center of this surface is the 
zygomaticotemporal foramen for the trans- 
mission of the zygomaticotemporal nerve. 

The orbital surface forms, by its junction 
with the orbital surface of the maxilla and 
with the great wing of the sphenoid, part of 
the floor and lateral wall of the orbit. Usu- 
ally it presents the orifices of two canals, the 
zygomatico-orbital foramina, which com- 
municate with the zygomaticotemporal and 
zygomaticofacial foramina. 

The frontal process (Fig. 4-128) is thick 
and serrated, and articulates superiorly with 
the zygomatic process of the frontal bone 
and posteriorly with the great wing of the 
sphenoid and the orbital surface of the max- 
illa (Fig. 4-129). On its orbital surface, just 
within the orbital margin and about 1cm 
below the zygomaticofrontal suture is the tu- 
berculum marginale. Onto this tubercle, lo- 
cated laterally in the orbit, are attached: (1) 
the lateral cheek ligament, (2) the lateral pal- 
pebral ligament, (3) the suspensory ligament 
of the eye, and (4) a lateral extension of the 
aponeurosis of the levator palpebral su- 
perioris muscle. 

The temporal process is blunt and its 
oblique serrated margin helps to form the 
zygomatic arch by articulation with the zy- 
gomatic process of the temporal bone. 

In the older nomenclature, reference is 
also made to the maxillary process of the 
zygomatic bone (Fig. 4-128), but the more 
recent Nomina Anatomica does not recog- 
nize this as an officially named structure. 
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The term simply refers to the rough, triangu- 
lar inferior extension of the bone, which ar- 
ticulates with the maxilla. 

The orbital border (anterosuperior) is 
smooth and rounded (Fig. 4-128) and forms 
approximately one-third of the bony cir- 
cumference of the orbit. The maxillary bor- 
der (anteroinferior) is rough and, in apposi- 
tion with the maxilla, helps to form the 
prominence of the cheek (Fig. 4-127). Close 
to the orbit, this border gives origin to the 
levator labii superioris muscle. The tempo- 
ral border (posterosuperior) extends from 
the frontozygomatic suture to the temporo- 
zygomatic suture (Fig. 4-128). It is curved 
and smooth and gives attachment to the tem- 
poral fascia. The posteroinferior border al- 
lows attachment of the masseter muscle (Fig. 
4-129). On the medial or temporal aspect of 
the zygomatic bone can be observed the 
posteromedial border, which is serrated and 
articulates with the great wing of the sphe- 
noid bone above and the maxilla below (Fig. 
4-129). Between these two articular surfaces, 
this border also presents a short, concave, 
nonarticular part, which forms the lateral 
boundary for the inferior orbital fissure. 
Occasionally this nonarticular part is absent, 
and the fissure is then completed by the 
junction of the maxilla and sphenoid, or by 
the interposition of a small sutural bone in 
the angular interval between them. 


The zygomatic bone ossifies in 
membrane from a single center, which appears just 
beneath and to the lateral aspect of the orbit at about 
the eighth week of prenatal life. After birth the bone 
is sometimes divided by a horizontal suture into an 
upper large and a lower smaller division, and in 
some animals the zygomatic bone is composed of 
two parts, consistent with this human variation. 

The zygomatic bone articulates 
with four other bones: the frontal, sphenoidal, tem- 
poral, and maxillary. 


The bones by which the upper and lower 
limbs are attached to the trunk constitute 
respectively the shoulder and pelvic girdles. 
The shoulder girdle or girdle of the superior 
limbs is formed by the scapulae and clavi- 
cles. Ventrally it is completed by the cranial 
end of the sternum, with which the medial 
end of both clavicles articulates. Dorsally the 
skeleton of the shoulder girdle is incomplete 
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and the scapulae are connected to the trunk 
by muscles only. The pelvic girdle or girdle 
of the inferior limbs is formed by the hip 
bones, which articulate with each other at 
the symphysis pubis. The pelvic girdle is com- 
pleted posteriorly by the sacrum, thereby 
forming a complete ring, massive and com- 
paratively rigid, in marked contrast to the 
light and mobile shoulder girdle. 


BONES OF THE SHOULDER GIRDLE 
AND UPPER LIMB 


THE CLAVICLE 


The clavicle (Figs. 4-130; 4-131), commonly 
called the collar bone, forms the ventral por- 
tion of the shoulder girdle. It is a long, 
curved bone, which lies subcutaneously 
across the root of the neck. It is directed 
nearly horizontally toward the tip of the 
shoulder, immediately above the first rib. 
[t articulates medially with the manubrium 
sterni and laterally with the acromion of the 
scapula. 

In the female the clavicle is generally 
shorter, thinner, less curved, and smoother 
than in the male. In those persons who per- 
form considerable manual labor it becomes 
thicker and more curved, and its ridges 
for muscular attachment are prominently 
marked. 

The clavicle acts especially as a fulcrum to 
enable the muscles to give lateral motion to 
the arm. Accordingly, it is absent in those 
animals whose forelimbs are used only for 
progression, but is present for the most part 
in animals whose anterior extremities are 
clawed and used for prehension. In some 
animals, however, such as many of the car- 
nivora, it is only a rudimentary bone which 
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is suspended among the muscles, not articu- 
lating with either the scapula or the sternum. 

The human clavicle presents a double cur- 
vature. At the sternal end the convexity is 
directed ventrally, at the acromial end the 
convexity is dorsal. It is convenient to de- 
scribe the lateral one-third of the clavicle 
and its acromial extremity and the medial 
two-thirds with its sternal extremity. Addi- 
tionally, the clavicle presents two surfaces 
and two borders. 

LATERAL ONE-THIRD. The cranial or supe- 
rior surface of the lateral third of the clavi- 
cle is flat, rough, and marked toward the bor- 
ders by impressions for the attachment of 
the trapezius and deltoid muscles (Fig. 4-130). 
Between these impressions the strip of bone 
is smooth and subcutaneous. The caudal or 
inferior surface at the dorsal border near the 
flat end presents a rough eminence, the co- 
noid tubercle (Fig. 4-131), for the attachment 
of the conoid ligament. An oblique ridge, the 
trapezoid line, runs ventrally and laterally 
from this tubercle and affords attachment to 
the trapezoid ligament. The dorsal border 
of the lateral third is convex, rough, and 
thicker than the ventral border, and receives 
the insertion of the trapezius muscle. The 
ventral border is concave, thin, and rough, 
and gives origin to the deltoid muscle. The 
distal extremity or acromial end of the lat- 
eral one-third of the clavicle articulates with 
the acromion of the scapula and will be de- 
scribed below. 

MEDIAL TWO-THIRDS. The medial two- 
thirds of the clavicle is rounded or prismatic 
and curved with a ventral convexity. Medi- 
ally, its ventral border presents an elliptical 
surface for the attachment of the clavicular 
head of the pectoralis major muscle. The 
ventral border and free surface of the bone 
between the attachments of the pectoralis 
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Fic. 4-130. Left clavicle. Superior surface. 
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Fic. 4-131. Left clavicle. Inferior surface. Attachment of articular capsules indicated by solid blue lines. 


major and deltoid is smooth. The superior 
surface of the medial two-thirds is smooth 
and rounded laterally, but becomes more 
roughened medially for the attachment of 
the sternocleidomastoid muscle. The ventral 
aspect of the middle portion of the clavicle 
is smooth, convex, and nearly subcutaneous, 
being covered only by skin and platysma 
muscle fibers. The dorsal border, from the 
conoid tubercle to the costal tuberosity, 
forms the posterior boundary of the groove 
for the subclavius muscle, and gives attach- 
ment to a layer of cervical fascia which en- 
velops the omohyoid muscle. The surface of 
the bone along the dorsal border is smooth 
and is oriented toward the root of the neck. 
It is concave mediolaterally, and lies in rela- 
tion to the course of the transverse scapular 
vessels. This aspect of the clavicle, at the 
junction of the curves of the bone, is also 
adjacent to the brachial plexus of nerves and 
the subclavian vessels. It gives attachment, 
near the sternal extremity, to part of the ster- 
nohyoid muscle, and presents, near the mid- 
dle, an oblique foramen directed lateralward, 
which transmits the chief nutrient artery of 
the bone. On the inferior surface of the me- 
dial two-thirds of the clavicle, near its ster- 
nal extremity, is a broad roughened area, the 
costal tuberosity, which is rather more than 
2cm in length and to which attaches the 
costoclavicular ligament. The rest of this sur- 
face is occupied by a groove, which gives 
attachment to the subclavius muscle. The 
clavipectoral fascia, which splits to enclose 
the subclavius muscle, is attached to the 
margins of the groove. 

STERNAL ExTREMITy. The sternal extrem- 
ity of the clavicle is directed medialward 
and presents an articular facet, which articu- 
lates with the clavicular notch of the manu- 
brium sterni through the intervention of an 


articular disc. The inferior part of the articu- 
lar facet continues as a triangular surface for 
articulation with the cartilage of the first rib. 
The circumference of the articular surface is 
roughened for the attachment of numerous 
ligaments. The sternal end of the clavicle 
projects above the level of the manubrium 
sternum and is covered by the sternal end of 
the sternocleidomastoid muscle. It is easily 
palpable and frequently can be seen subcu- 
taneously in the root of the neck. 

ACROMIAL EXTREMITY. The acromial ex- 
tremity presents a small flat oval surface di- 
rected obliquely downward for articulation 
with the acromion of the scapula. The cir- 
cumference of the articular facet is rough, 
especially above, for the attachment of the 
acromioclavicular ligaments. The acromial 
extremity of the clavicle projects somewhat 
above the acromion of the scapula, and the 
acromioclavicular joint is palpable about 
3 cm medial to the lateral border of the acro- 
mion. 


STRUCTURE. The clavicle consists of cancellous 
bone enveloped by a compact layer, which is much 
thicker in the intermediate part than at the extremi- 
ties of the bone. 

OSSIFICATION. The clavicle begins to ossify be- 
fore any other bone in the body. Ossification com- 
mences from three centers: two primary centers, a 
medial and a lateral, for the clavicular shaft, which 
appear during the fifth or sixth week of fetal life, and 
a secondary center for the sternal end, which ap- 
pears about the eighteenth or twentieth year and 
unites with the rest of the bone about the twenty- 
fifth year (Fig. 4-132). 

FRACTURES OF THE CLAVICLE. The clavicle is frac- 
tured more frequently than any other bone in the 
body. This usually is caused by a fall that results in 
an inordinate force applied to the bone from the 
hand or the shoulder. The usual location of the frac- 
ture is at the junction of the lateral and intermediate 
thirds of the bone. The lateral fragment of bone then 
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Diagram showing the three centers of ossifi- 
cation of the clavicle. 


becomes displaced downward by contractions of the 
pectoralis major and teres major muscles, and by the 
weight of the arm. The medial fragment is tilted 
upward by contractions of the sternocleidomastoid 
and trapezius muscles. 
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The scapula or shoulder blade is a large, 
flat, triangular bone located on the dorsal 
aspect of the thorax, extending between the 
second and seventh ribs. It articulates with 
the clavicle and humerus laterally to form 
the shoulder joint and is attached to the ver- 
tebral column medially by means of mus- 
cles. It has two surfaces (costal and dorsal) 
and is marked by three prominent bony 
processes: the spine of the scapula, the acro- 
mion, and the coracoid process. Addition- 
ally, it has three borders (superior, lateral or 
axillary, and medial or vertebral), and three 
angles (inferior, superior, and lateral). 

The costal surface (Fig. 4-133) 
presents a broad concavity, the subscapular 
fossa. The medial two-thirds of the fossa 
are marked by several oblique ridges which 
course laterally and superiorly. These ridges 
give attachment to the tendinous origin and 
the surfaces between them to the fleshy fi- 
bers of the subscapularis muscle. The lateral 
third of the fossa is smooth and also covered 
by the fibers of this muscle. The fossa is sep- 
arated from the two extremities of the me- 
dial or vertebral border by smooth triangu- 
lar areas at both the medial and inferior 
angles. The interval between these two an- 
gles is marked by a narrow ridge, which at 
times is deficient. The triangular areas at the 
angles and this intervening ridge receive the 
insertion of the serratus anterior muscle. 

The dorsal surface (Fig. 4-134) is arched 
from above downward and is subdivided 
into two unequal parts by a prominent plate 
of bone, the spine of the scapula. The 
smaller portion above the spine is called the 
supraspinatous fossa, and that below it the 
infraspinatous fossa. 


The supraspinatous fossa is a smooth con- 
cavity, which is broader at its vertebral than 
at its humeral end. Its medial two-thirds give 
origin to the supraspinatus muscle. 

The infraspinatus fossa is about three 
times as large as the supraspinatus fossa. It 
has a shallow concavity toward the cranial 
part of its vertebral margin, a prominent 
convexity at its center, and a deep groove 
near the axillary border. The medial two- 
thirds of the fossa give origin to the infraspi- 
natus muscle and the lateral third is covered 
by this muscle. 

The dorsal surface of the scapula is 
marked near the axillary border by an ele- 
vated ridge, which runs from the lower part 
of the glenoid cavity, downward and back- 
ward to the medial or vertebral border, 
about 2.5cm above the inferior angle. The 
ridge serves for the attachment of a fibrous 
septum which separates the infraspinatus 
muscle from the teres major and teres minor 
muscles. The surface between the ridge and 
the axillary border is narrow in the cranial 
two-thirds of its extent and is crossed near 
its center by a groove for the passage of the 
circumflex scapular vessels. This ridge af- 
fords attachment to the teres minor above, 
while its caudal third presents a broader, 
somewhat triangular surface, which gives 
origin to the teres major. The latissimus 
dorsi muscle glides over this lower region, 
and frequently a few of its muscle fibers 
arise at the inferior angle of the scapula. An 
oblique line from the axillary border to the 
elevated ridge has attached to it a fibrous 
septum which separates the teres muscles 
from each other (Fig. 4-134). 

: Om The scapula possesses 
three important bony processes: the spine of 
the scapula, the acromion, and the coracoid 
process. 

The spine of the scapula (Fig. 4-134) is a 
strong, triangular bony projection from the 
dorsal surface of the scapula, and it sepa- 
rates the supraspinatous and infraspinatous 
fossae. It begins at the medial or vertebral 
border as a smooth, triangular zone over 
which the tendon of insertion of the trape- 
zius glides, and gradually becoming more 
elevated, it ends in the acromion, which 
overhangs the shoulder joint. The spine is 
flattened from above downward and the 
apex of its triangular shape is directed to- 
ward the medial border of the scapula. The 
Spine presents two surfaces and three bor- 
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Left scapula, costal surface. Attachment of articular capsules indicated by solid blue lines. 


ders of its own. Its superior surface is con- 
cave, and it assists in forming the supra- 
spinatous fossa, giving origin to part of the 
supraspinatus muscle. Its inferior surface 
forms part of the infraspinatous fossa, gives 
origin to a portion of the infraspinatus mus- 
cle, and presents near its center the orifice of 
a nutrient canal. Of its three borders, the 
longitudinal anterior border is the ridge of 
bone by which the spine is attached to the 
dorsal scapular surface. The dorsal border, 
or crest of the spine, is broad, and presents 
two lips with an intervening rough interval. 


The trapezius is attached to the superior lip, 
and a rough tubercle is generally seen on 
that portion of the spine that receives the 
tendon of insertion of the caudal part of this 
muscle. The deltoid muscle is attached to the 
whole length of the caudal lip. The interval 
between the lips is subcutaneous and partly 
covered by the tendinous fibers of these 
muscles. The lateral border or base is the 
shortest of the three borders. It is slightly 
concave and its thick, rounded edge is con- 
tinuous with the undersurface of the acro- 
mion and the neck of the scapula. It forms 
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Fig. 4-134. Left scapula. Dorsal surface. 


the medial boundary of the great scapular 
notch, which serves to connect the supraspi- 
natus and infraspinatous fossae. 

The acromion is a flattened, lateral prolon- 
gation of the spine of the scapula, which 
forms the summit of the shoulder and over- 
hangs the glenoid cavity. Its superior surface 
is convex and rough, and affords attachment 
to some fibers of the deltoid muscle, while 
the rest of its extent is subcutaneous. Its 
inferior surface is smooth and concave. Its 
lateral border is thick and irregular, and 


presents three or four tubercles for the ten- 
dinous origins of the deltoid muscle. Its me- 
dial border, shorter than the lateral, is con- 
cave, gives attachment to a portion of the 
trapezius, and presents about its center a 
small, oval surface for articulation with the 
acromial end of the clavicle. Its apex, which 
corresponds to the point of meeting of these 
two borders, is thin and has attached to it the 
coracoacromial ligament. Inferiorly, where 
the lateral border of the acromion becomes 
continuous with the lower border of the 


crest of the spine of the scapula, is located 
the acromial angle (Fig. 4-135), which can be 
palpated subcutaneously and therefore used 
as a landmark. 

The coracoid process (Figs. 4-134; 4-135) is 
a thick, curved bony projection attached by 
a broad base to the upper part of the neck of 
the scapula. From its base it is initially di- 
rected upward and medially, then it be- 
comes somewhat thinner and changes direc- 
tion to project upward and laterally. With 
the arm by the side, the tip of the coracoid 
process is oriented anteriorly and can be 
palpated by applying deep pressure through 
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Fic. 4-135. Left scapula. Lateral view. 
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the anterior part of the deltoid muscle about 
2.5 mm below the lateral part of the clavi- 
cle on the lateral side of the infraclavicular 
fossa. Its concave surface faces laterally and 
is smooth to accommodate the passage of the 
tendon of the subscapularis muscle. The 
distal portion is horizontal, and its convex 
outer surface is rough and irregular for the 
attachment of the pectoralis minor muscle. 
Its medial and lateral borders are rough. 
The former gives attachment to the pectora- 
lis minor and the latter to the coracoacro- 
mial ligament. The apex is embraced by the 
conjoined tendon of origin of the coracobra- 
chialis and short head of the biceps brachii 
and gives attachment to the clavipectoral 
fascia. On the medial part of the root of the 
coracoid process is a rough impression for 
the attachment of the conoid ligament. 
Coursing from it obliquely to the convex 
surface of the horizontal portion is an ele- 
vated ridge for the attachment of the trape- 
zoid ligament. 

BORDERS. The superior border of the 
scapula is the shortest and thinnest of the 
three scapular borders. It is concave, and 
extends from the medial angle to the base of 
the coracoid process (Fig. 4-134). At its lat- 
eral part is a semicircular notch, the scapu- 
lar notch, formed partly by the base of the 
coracoid process. This notch is converted 
into a foramen by the superior transverse 
ligament (which is at times ossified), and 
serves for the passage of the suprascapular 
nerve. The adjacent part of the superior bor- 
der affords attachment to the omohyoid 
muscle. 

The lateral (axillary) border is the thickest 
of the three borders. It begins above at 
the lower margin of the glenoid cavity and 
inclines obliquely downward and backward 
to the inferior angle. Immediately below the 
glenoid cavity is a rough impression, the 
infraglenoid tubercle, about 2.5 cm in length, 
which gives origin to the long head of the 
triceps brachii muscle. The inferior third is 
thin and sharp, and serves for the attach- 
ment of a few fibers of the teres major be- 
hind and the subscapularis muscle in front 
(Figs. 4-133; 4-134). 

The medial (vertebral) border is the long- 
est of the three borders, and extends from 
the superior to the inferior angle. It is arched 
and intermediate in thickness between the 
superior and lateral borders, and the portion 
of it above the spine forms an obtuse angle 
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with the part below. This border presents an 
anterior and a posterior lip, and an interme- 
diate narrow area. The anterior lip affords 
attachment to the serratus anterior muscle 
(Fig. 4-133), while the posterior lip gives at- 
tachment to the supraspinatus muscle above 
the spine and the infraspinatus muscle 
below (Fig. 4134). To the area between the 
two lips is inserted the levator scapulae mus- 
cle above the triangular surface at the com- 
mencement of the spine. The rhomboid 
minor muscle inserts on the edge of that sur- 
face and rhomboid major below it (Fig. 4- 
134). The latter is attached by means of a fi- 
brous arch, connected above to the lower 
part of the triangular surface at the base of 
the spine and below to the lower part of the 
border. 

ANGLES. The superior angle (Fig. 4-134), 
formed by the junction of the superior and 
medial (or vertebral) borders, is_ thin, 
smooth, and rounded, and gives attachment 
to a few fibers of the levator scapulae mus- 
cle. The inferior angle (Figs. 4-134; 4-135) is 
formed by the union of the medial (verte- 
bral) and lateral (axillary) borders. It is thick 
and rough, and its dorsal surface affords at- 
tachment to the teres major and frequently 
to a few fibers of the latissimus dorsi. The 
lateral angle (Fig. 4-134) is the thickest part 
of the bone, and the adjacent broadened 
process is sometimes called the head of the 
scapula. This is connected with the rest of 
the bone by a slightly constricted neck. It is 
this region of the scapula that enters into the 
formation of the shoulder joint, and it is hol- 
lowed out to form the glenoid cavity (Fig. 4- 
135). The surface of this shallow cavity faces 
laterally and, in the intact body, is covered 
with articular cartilage for reception of the 
head of the humerus. Its margins or lips are 
covered by a fibrocartilaginous ring, the gle- 
noid labrum, which broadens and deepens 
the cavity. At its apex, near the base of the 
coracoid process, is a slight elevation, the 
supraglenoid tubercle, to which the long 
head of the biceps brachii muscle is at- 
tached. 


STRUCTURE. The head, processes, and thickened 
parts of the scapula contain cancellous bone; the 
rest consists of a thin layer of compact tissue. The 
central part of the supraspinatous and Infraspinatous 
fossae are uSually so thin as to be translucent. Occa- 
sionally the bone is even partially deficient at these 
sites, and the adjacent muscles are separated only 
by fibrous tissue. 


OSSIFICATION. The scapula Is ossified from at 
least seven centers: one for the body, two for the 
coracoid process, two for the acromion, one for the 
medial or vertebral border, and one for the inferior 
angle (Fig. 4-136). 

Ossification of the body of the scapulae begins 
about the second month of fetal life, by the forma- 
tion of an irregular quadrilateral plate of bone near 
the scapular neck adjacent to the glenoid cavity. 
This plate is extended to form the chief part of the 
bone, the spine growing up from its dorsal surface 
about the third month. At birth, a large part of the 
scapula is osseous, but the glenoid cavity, the Cora- 
coid process, the acromion, the vertebral border, 
and the inferior angle are cartilaginous. During the 
first year after birth an ossification center appears In 
the middle of the coracoid process which as a rule 
becomes joined with the rest of the bone about the 
fifteenth year. Between the fourteenth and twentieth 
years, ossification of the remaining parts of the scap- 
ula takes place in quick succession. During this 
post-puberty period, the following structures ossify 
in order: the root of the coracoid process, the base of 
the acromion, the inferior angle and contiguous part 
of the medial border, the extremity of the acromion, 
and the remainder of the medial border. 

The base of the acromion is formed by an exten- 
sion from the spine of the scapula. The two separate 
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Fic. 4-136. Plan of ossification of the scapula. From 
seven Centers. 


Infraspinatus 


ossification centers of the acromion unite and then 
join with the extension from the spine. The upper 
third of the glenoid cavity is ossified from a separate 
center (subcoracoid), which makes its appearance 
between the tenth and eleventh years and joins be- 
tween the sixteenth and eighteenth. Further, an epi- 
physeal plate appears for the lower part of the gle- 
noid cavity, while the tip of the coracoid process 
frequently presents a separate nucleus. These vari- 
ous epiphyses are joined to the bone by the twenty- 
fifth year. Failure of bony union between the acro- 
mion and spine sometimes occurs, the junction 
being effected by fibrous tissue or by an imperfect 
articulation. In some cases of supposed fracture of 
the acromion with ligamentous union, it is probable 
that the detached segment was never united to the 
rest of the bone. 


THE HUMERUS 


The humerus (Figs. 4-137 to 4-146) is the 
longest and largest bone of the upper limb. 
It extends from the shoulder joint above, 
where it articulates with the scapula, to the 
elbow joint below, where it articulates with 
the radius and ulna of the forearm. The 
humerus consists of a body or shaft and en- 
larged proximal and distal extremities. 
The proximal extremity includes a rounded 
head, a neck, and two tubercles, the greater 
and lesser tubercles. The distal extremity is 
condylar in form and includes the rounded 
capitulum, the grooved trochlear, and two 
epicondyles. 

PROXIMAL EXTREMITY. The head (Fig. 4-137) 
of the humerus is nearly hemispherical 
in form. With the upper extremity by the 
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Fic. 4-137 The upper end of the left humerus. Superior 
aspect. 
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side of the body, it is directed superiorly, 
medially and slightly dorsally, and _ its 
smooth surface, covered with cartilage, ar- 
ticulates with the glenoid cavity of the scap- 
ula (Fig. 4-138). The circumference of the ar- 
ticular surface of the head of the humerus is 
slightly constricted and is termed the ana- 
tomical neck, in contradistinction to a con- 
striction below—a tubercle which is called 
the surgical neck and is frequently the site of 
fracture. Fracture of the anatomical neck 
rarely occurs. 

The anatomical neck (Figs. 4-139; 4-141: 
4-142) is obliquely directed, forming an ob- 
tuse angle with the body. It is well marked in 
the lower half of its circumference, and in 
the upper half, it is represented by a narrow 
groove which separates the humeral head 
from the tubercles. The circumference of the 
anatomical neck affords attachment to the 
articular capsule of the shoulder joint, and 
it is perforated by numerous vascular fo- 
ramina. 

The greater tubercle (Figs. 4-137 to 4-139; 
4-141; 4-142) is situated lateral to the head of 
the humerus and lesser tubercle. Its upper 
surface is rounded and marked by three flat 
impressions: the highest of these gives inser- 
tion to the supraspinatus muscle, the middle 
to the infraspinatus, and the lowest to the 
teres minor. The insertion of the latter mus- 
cle extends about an inch below the greater 
tubercle along the humeral shaft. The lateral 
surface of the greater tubercle is convex and 
rough, and merges distally into the lateral 
surface of the body. 

The lesser tubercle (Figs. 4-139; 4-141), al- 
though smaller than the greater tubercle, is 
more prominent. It is situated anteriorly on 
the bone, adjacent to the anatomical neck. 
Its anterior surface serves for the insertion 
of the tendon of the subscapularis muscle. 

The tubercles are separated from each 
other by a deep groove, the intertubercular 
groove (bicipital groove), which lodges the 
tendon of the long head of the biceps brachii 
muscle and transmits a branch of the ante- 
rior humeral circumflex artery to the shoul- 
der joint. The groove courses obliquely 
downward and ends nearly one-third of the 
way along the humeral shaft. In the intact 
body its upper part is coated with a thin 
layer of cartilage and enclosed by a prolon- 
gation of the synovial membrane of the 
shoulder joint. Its lower portion becomes 
shallow and receives the insertion of the 
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Fic. 4-138. Roentgenogram of the right shoulder joint with the upper arm abducted and medially rotated. (From 


Benninghoff and Goerttler, 1975.) 
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tendon of the latissimus dorsi muscle. Its 
lips are called, respectively, the crests of 
the greater and lesser tubercles (bicipital 
ridges). Just below the two tubercles, the 
humerus becomes constricted to form the 
surgical neck of the humerus. 

BODY OR SHAFT. The body or shaft of the 
humerus is nearly cylindrical in the upper 
half of its extent. It is prismatic and flattened 
distally, and has two borders and three sur- 
faces (Figs. 4-139 to 4-142). 

The lateral border (Figs. 4-139; 4-140) runs 
from the dorsal part of the greater tubercle 
to the lateral epicondyle and separates the 
anterolateral surface from the posterior sur- 
face. Its proximal half is rounded and indis- 
tinctly marked, serving for the attachment of 
part of the insertion of the teres minor, and 
the origin of the lateral head of the triceps 
brachii. Its center is traversed by a broad but 
shallow oblique depression, the sulcus or 
groove for the radial nerve (Figs. 4-140; 4- 
142). Its distal part forms a prominent, rough 
margin, the lateral supracondylar ridge, 
which presents an anterior lip for the origin 
of the brachioradialis above and extensor 
carpi radialis longus below, a posterior lip 
for the medial head of the triceps brachii, 
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and an intermediate ridge for the attach- 
ment of the lateral intermuscular septum. 

The medial border (Figs. 4-139; 4-140) ex- 
tends from the lesser tubercle to the medial 
epicondyle. Its proximal third consists of a 
prominent ridge, the crest of the lesser tu- 
bercle, which receives the insertion of the 
tendon of the teres major. About its center is 
a rough impression for the insertion of the 
coracobrachialis, and just distal to this is the 
entrance of the nutrient canal. Sometimes 
there is a second nutrient canal at the com- 
mencement of the radial sulcus. The distal 
third of this border is raised into a slight 
ridge, the medial supracondylar ridge, which 
becomes very prominent distally. It pre- 
sents an anterior lip for the origin of the 
brachialis muscle, a posterior lip for the 
medial head of the triceps brachii, and an 
intermediate ridge for the attachment of the 
medial intermuscular septum. 

The anterior aspect of the humerus is di- 
vided longitudinally into an anterolateral 
surface and an anteromedial surface by an 
oblique ridge beginning laterally at the 
greater tubercle and ending near the medial 
epicondyle. 

The anterolateral surface receives the in- 


2205 


APPENDICULAR SKELETON 






Medial border 





MEDIAL Mei 
; a of TRiocg peer 


“4 “4 YY fy its 





pOVEFSVCOT STS OORSUPSReey 











awee Seen, ae 
meeeee PAS =— = os - beans, an, 
ere UR TER AL Brad Way oe ey © p ne 2 ; Se ae OS 0 9 fe 
+. Fs TeKri errr > —— Saree _— a ee 
wag wes ve geete® ee =< eo o¢ Céan A92 », iil . = =a i —" 


Lateral border 


age rat 
oe oO < 
“yO Ss Ww O 
ce ES 05s 
DVD 
5 © Gexece 
wre O oan co w 
eo 
x 
ri ae 


Brachioradialis 









Lateral border 






= 








Sas me ———— = Pe BRACHIALIS 


oe | Rt tet “eee ey ee a 


Crest of lesser 





a a 


tubercle~~- ---— 








x 
© 
o 
fe 
ir 
0 
w 
> = 
5 m 
U) = 
Oo 
e 
566 2 
Ec © 
EDLoE 
Sa oc oc 
So = © 


Fic. 4-140. Left humerus. Dorsal view. Articular cap- 


sule in blue line. 


Fic. 4-139. Left humerus. Ventral view. Articular cap- 


sule in blue line. 
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FiG. 4-141. The left humerus viewed from the anterior 
aspect. (From Benninghoff and Goerttler, 1975.) 


sertion of the pectoralis major muscle along 
the distal part of the crest of the greater tu- 
bercle. Lateral and distal to this is an oblong 
area onto which inserts the deltoid muscle. 
At this site a rough triangular elevation, the 
deltoid tuberosity, marks the anterolateral 
surface. Distally there is a broad area, 
slightly concave, which gives origin to part 
of the brachialis. Beyond the deltoid tuber- 
osity is the radial sulcus, which is directed 
obliquely distalward, and marks the path of 
the radial nerve and profunda artery. 

The anteromedial surface proximally re- 
ceives the tendon of insertion of the latissi- 
mus dorsi in the intertubercular groove. 
somewhat distal and medial to this, near the 


medial border, is the insertion of the teres 
major. At about the middle of the shaft is a 
rough impression for the coracobrachialis 
muscle. The distal part of the surface is flat 
and smooth, giving origin to the brachialis 
muscle. 

The dorsal surface appears somewhat 
twisted, so that its upper part is directed a 
little medially, while the lower part is di- 
rected posteriorly and a little laterally. It is 
almost completely covered by the lateral 
and medial heads of the triceps brachii, the 
former arising proximal and the latter distal 
to the radial sulcus. 

DISTAL EXTREMITY. The distal extremity is 
flat and ends inferiorly in a broad, articular 
surface, generally called a condyle, which 
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Fig. 4-142. The left humerus viewed from the posterior 
aspect. (From Benninghoff and Goerttler, 1975.) 


Trochlea 


Medial epicondyle}!.g. Sat 





.\PPENDICULA INE LI 


237 


Capitulum 


— Lateral epicondyle 


Sulcus for ulnar nerve 


Fic. 4-143. The lower end of the left humerus. Inferior aspect. 


is divided into two parts by a slight ridge. 
The lateral portion of this surface consists 
of a smooth, rounded eminence named the 
capitulum of the humerus (Figs. 4-139; 
4-141, 4-143). It articulates with the fovea on 
the head of the radius. On the medial side of 
this eminence is a shallow groove, in which 
is received the medial margin of the head of 





the radius. Above the anterior part of the 
Ccapitulum is a slight depression, the radial 
fossa (Fig. 4-139), which receives the anterior 
border of the head of the radius when the 
forearm is flexed. The medial portion of the 
articular surface is named the trochlea 
(Figs. 4-139; 4-141; 4-143), which occupies the 
anterior, inferior, and posterior surfaces of 


{ 
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Fig. 4-144. Roentgenogram of shoulder of a child aged six years. The upper arrow indicates the coracoid process; the 
lower arrow indicates the epiphyseal line. Note that the upper end of the diaphysis is conical and projects into the 
center of the epiphysis. The centers for the head of the humerus and the tuberosities have fused to form a single 
epiphysis. Observe also the compact nature of the bone along the surface of the humeral shaft in contrast to the inner 


cancellous tissue. 
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Epiphyses of head and 
tubercles blend at fifth ¥ 
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Fig. 4-145. Plan of ossification of the humerus. 


Time of Ossification 


Sites on Bone or Union 


. Body 8th week (ossification center) 
. Head Tubercles and head blend 


WN — 


. & 4. Tubercles at Sth year, unite with body 
at 20th year 


5. Capitulum 16th-17th years 

6. Med. Epicondyle 18th year unite 
7. Trochlea 16th-17th years | with 
8. Lat. Epicondyle 16th-17th years ) body 


the condyle. The trochlea presents a deep 
groove between two well-marked borders. 
Its lateral border is separated from the 
capitulum, which articulates with the mar- 
gin of the head of the radius, by a fine 
groove. The medial border is thicker and 
more prominent, and projects farther dis- 
tally than the lateral. The grooved portion of 
the articular surface fits accurately within 
the trochlear notch of the ulna, and it is 
broader and deeper on the dorsal than on the 
ventral aspect of the bone. Above the ante- 
rior part of the trochlea is a small depres- 
sion, the coronoid fossa (Figs. 4-139; 4-141), 
which receives the coronoid process of the 
ulna during flexion of the forearm. Above 
the posterior part of the trochlea is a deep 
triangular depression, the olecranon fossa 


(Figs. 4-140; 4-142), into which the summit of 
the olecranon is received when the forearm 
is extended. These fossae are separated from 
one another by a thin, transparent lamina of 
bone, which is sometimes perforated to pro- 
duce a supratrochlear foramen. They are 
lined in the intact body by the synovial 
membrane of the elbow joint, and their mar- 
gins afford attachment to the anterior and 
posterior ligaments of this articulation. 

Projecting from both the lateral and me- 
dial aspects of the articular surface of the 
condyle are the medial and lateral epicon- 
dyles (Fig. 4-142). These nonarticular proc- 
esses allow for the attachment of many mus- 
cles. 

The lateral epicondyle is a small, tuber- 
culated and curved eminence giving attach- 
ment to the radial collateral ligament of the 
elbow joint, and to the common tendon of 
origin of the supinator and extensor muscles 
of the forearm. The medial epicondyle, 
larger and more prominent than the lateral, 
gives attachment to the ulnar collateral liga- 
ment of the elbow joint, to the pronator 





Epiphyseal 
lines 


Fig. 4-146. Epiphyseal lines of the humerus in a young 
adult. Ventral aspect. The lines of attachment of the ar- 
ticular capsules are in blue. 


teres, and to the common tendon of origin of 
the flexor muscles of the forearm. The ulnar 
nerve runs in a groove on the dorsum of the 
medial epicondyle. The epicondyles are con- 
tinuous superiorly with the supracondylar 
ridges. 


STRUCTURE. The extremities of the humerus con- 
sist of cancellous tissue, covered with a thin, com- 
pact layer (Fig. 4-144). The body or shaft is com- 
posed of a cylinder of compact tissue, thicker at the 
center than toward the extremities, and it contains a 
large medullary canal which extends along its whole 
length. 

OSSIFICATION (Figs. 4-145; 4-146). The hu- 
merus is ossified from eight centers, one for each of 
the following parts—the body, the head, the greater 
tubercle, the lesser tubercle, the capitulum, and the 
trochlea—and one for each epicondyle. The center 
for the body appears near the middle of the bone in 
the eighth week of fetal life, and soon extends to- 
ward the extremities. At birth the humerus Is ossified 
in nearly its whole length, only the extremities re- 
maining cartilaginous. During the first year, but in 
some individuals before birth, ossification com- 
mences in the head of the bone. During the third 
year the center for the greater tubercle, and during 
the fifth that for the lesser tubercle, make their ap- 
pearance. By the sixth year (Fig. 4-144) the centers 
for the head and tubercles have joined, thus forming 
a single large epiphysis, which fuses with the body 
about the twentieth year. The conical shape of the 
proximal end of the diaphysis, where the epiphyseal 
cap fits over it as shown by the epiphyseal line in 
Figure 4-144, is an adult condition. In the fetus and 
newborn, the end of the diaphysis ts flat. The conical 
shape is established during the first year and gradu- 
ally reaches its adult height by the twelfth year. The 
distal end of the humerus is ossified as follows: at 
the end of the second year ossification begins in the 
capitulum, and extends medially to form the chief 
part of the articular end of the bone; the center for 
the medial part of the trochlea appears about the age 
of ten. Ossification begins in the medial epicondyle 
about the fifth year, and in the lateral about the 
twelfth or thirteenth year. About the sixteenth or 
seventeenth year, the lateral epicondyle and both 
portions of the articulating surface, having already 
joined, unite with the body, and at about the eight- 
eenth year the medial epicondyle becomes joined 
(O11 

VARIATIONS. A small, hook-shaped process of 
bone, the supracondylar process, varying from 
2 to 20 mm in length, is a common variation found 
projecting from the ventromedial surface of the body 
of the humerus 5 cm cranial to the medial epicon- 
dyle. Curved distally and ventrally, the pointed end 
of a well-developed supracondylar process may be 
connected to the medial epicondyle by a fibrous 
band that gives origin to a portion of the pronator 
teres. Through the arch completed by this fibrous 
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band, the median nerve and brachial artery may 
pass. Sometimes the nerve alone is transmitted 
through it, or the nerve may be accompanied by the 
ulnar artery, in cases of high division of the brachial 
artery. A well-marked groove is frequently found 
dorsal to the process, along which the nerve and 
artery are lodged. This arch is the homologue of the 
Supracondyloid foramen found in many animals, 
in which it probably serves to protect the nerve and 
artery from compression during the contraction of 
the muscles in this region. 

FRACTURES OF THE HUMERUS. Fractures of the 
humerus are encountered frequently and may occur 
at the proximal end, at the shaft, and at the distal 
end (Thorek, Healey and Seybold, 1966). Proxi- 
mally fractures at the anatomical neck are rare, but 
they may occur in older people, and usually result 
from the impact of a fall on the shoulder. These frac- 
tures are intracapsular, because the articular capsule 
of the shoulder joint attaches to the humerus below 
the anatomical neck. Fractures of the surgical neck 
are more common and frequently occur from a di- 
rect impact or from falls on the elbow with the arm 
abducted. The distal fragment in this fracture (shaft 
of the humerus) is adducted or pulled medially by 
the attached pectoralis major, teres major, and latis- 
simus dorsi, whereas the proximal fragment is ab- 
ducted by the supraspinatus muscle. The type of in- 
jury that would cause fracture at the surgical neck in 
older individuals may cause a separation of the 
upper humeral epiphysis from the head of the hu- 
merus in children and adolescents prior to the time 
of permanent union of the epiphysis. Separation or 
fracture of the greater tubercle can result from a di- 
rect impact or from the pull of the attached supraspi- 
natus muscle. The greater tubercle in these in- 
Stances is usually pulled superiorly and posteriorly. 
Fractures of the lesser tubercle are more rare. 

Fractures of the humeral shaft are usually the re- 
sult of direct violence and generally break the bone 
transversely. If the fracture occurs above the inser- 
tion of the deltoid muscle, the upper fragment of the 
humerus is adducted or pulled medially by the pec- 
toralis major, latissimus dorsi, and teres major. The 
lower fragment is displaced laterally by the deltoid. 
lf the fracture occurs be/ow the insertion of the del- 
toid, the upper fragment of the humerus becomes 
displaced laterally by the deltoid and supraspinatus 
muscles, while the lower fragment is pulled medially 
and upward by the triceps, biceps, and coracobra- 
chialis muscles. Fractures of the humeral shaft en- 
danger the radial nerve which, along with the pro- 
funda brachii artery, courses in the sulcus for the 
radial nerve around the body of the bone. 

Distally, fractures of the humerus may involve the 
shaft of the humerus above the condyle. Thus, a su- 
pracondylar fracture occurs frequently in children 
who sustain a fall on the outstretched hand. The 
shaft of the humerus is thin just above the elbow 
joint, and the break results in the distal fragment of 
the humerus frequently being displaced posteriorly 
and upward (extension type). At times the distal 
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fragment is displaced anteriorly (flexion type). Su- 
pracondylar fractures may injure the medial nerve 
and brachial artery anteriorly or the radial nerve lat- 
erally. Fractures may also occur at the level of the 
condyle. The break in these condylar fractures may 
extend into the elbow joint and even injure the ulnar 
nerve which courses behind the joint. 


THE ULNA 


The ulna (Figs. 4-147; 4-148; 4-154 to 4-156) 
is a long prismatic bone that occupies the 
medial or little finger side of the forearm and 
lies parallel with the radius. It is divisible 
into a body and two extremities. Its proxi- 
mal extremity is of great thickness and 
strength. It is hook-like in shape and forms a 
large part of the elbow joint. The bone di- 
minishes in size from above downward, so 
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that its distal extremity is quite small, and is 
excluded from the wrist joint by the inter- 
position of an articular disc. 

PROXIMAL EXTREMITY. The proximal ex- 
tremity (Fig. 4-147) presents two curved 
processes, the olecranon and coronoid proc- 
esses, and two concave, articular cavities, 
the trochlear and radial notches. The latter 
articulate, respectively, with the humerus 
and radius. 

The olecranon (Figs. 4-147; 4-148; 4-156) is 
a large, thick, curved eminence situated on 
the superior and posterior part of the ulna, 
and forming the point of the elbow. It is bent 
forward at the summit so as to present a 
prominent lip which is received into the 
olecranon fossa of the humerus when the 
forearm is extended. The base of the olecra- 
non is constricted where it joins the body of 
the ulna, and this is the narrowest part of the 
upper end of the ulna. Its posterior surface is 
triangular and smooth and can readily be 
palpated through the skin. It is covered by a 
bursa. The superior surface of the olecranon 
is quadrilateral in shape and is marked be- 
hind by a rough impression for the insertion 
of the triceps brachii, and in front, near the 
margin, by a slight transverse groove for the 
attachment of part of the posterior ligament 
of the elbow joint. Its anterior surface is 
smooth and concave, and forms the upper 
part of the trochlear notch. To the anterior 
aspect of the superior surface of the olecra- 
non is attached the capsule of the elbow 
joint, while medially the olecranon affords 
attachment to the oblique and posterior 
parts of the ulnar collateral ligament. Also 
attached medially is the ulnar head of the 
flexor carpi ulnaris muscle. The lateral sur- 
face of the olecranon affords attachment to 
the anconeus muscle. 

The coronoid process (Figs. 4-147; 4-148) is 
a triangular eminence that projects by 
means of its base from the proximal and an- 
terior part of the body of the bone, just 
below the olecranon. Its apex is pointed, 
slightly curved upward, and during flexion 
of the forearm is received into the coronoid 
fossa of the humerus. The superior surface 
of the coronoid process is smooth and con- 
cave, and forms the lower part of the troch- 
lear notch. Its inferior surface is concave 
and rough, and at its junction with the front 
of the body is a rough eminence, the tuber- 
osity of the ulna, which gives insertion to the 
brachialis muscle and the ligamentous 
oblique cord of the radius. Its lateral surface 
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FiG. 4-148. The bones of the left forearm. Anterior aspect. Attachment of articular capsules outlined in blue. 


presents a narrow, oblong, articular depres- 
sion, the radial notch. Its medial surface, by 
its prominent, free margin, serves for the at- 
tachment of the anterior and oblique parts of 
the ulnar collateral ligament. At the front 
part of the medial surface is a small rounded 


eminence for the origin of the humeroulnar 
head of the flexor digitorum superficialis. 
Behind the eminence descends a ridge from 
which arises the uppermost fibers of the 
flexor digitorum profundus, along with the 
ulnar head of the pronator teres. A small 
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ulnar head of the flexor pollicis longus may 
arise from the distal part of the coronoid 
process by a rounded bundle of muscular 
fibers. 

The trochlear notch (Figs. 4-147; 4-148) is a 
large depression which is semilunar in shape 
and formed by the coronoid process and the 
olecranon. It serves for articulation with the 
trochlea of the humerus. The borders of the 
notch are indented near its middle, thereby 
subdividing the articular surface into a 
proximal olecranon part and a distal coro- 
noid part. Additionally, the notch is divided 
by a longitudinal ridge into a larger medial 
and a smaller lateral part. 

The radial notch (Figs. 4-147; 4-148) is a 
narrow, Oblong, articular depression on the 
lateral side of the coronoid process. It re- 
ceives the circumferential articular surface 
of the head of the radius. The anterior and 
posterior margins of its concave surface af- 
ford attachment of the annular ligament. 
Radiographically, the proximal extremity 
of the ulna can be seen in Figures 4-151 
to 4-153. 

BODY OR SHAFT. The body or shaft (Figs. 
4-148, 4-154 to 4-156) is prismatic, or three- 
sided, in its upper two-thirds, but then be- 
comes rounded or cylindrical distally. It is 
curved so as to be convex dorsally and later- 
ally. Its central part is straight, its distal part 
a little concave lateralward. It tapers gradu- 
ally and presents anterior, posterior, and 
interosseous borders as well as anterior, pos- 
terior, and medial surfaces. 

The anterior border begins above at the 
prominent medial angle of the coronoid 
process and ends below in front of the sty- 
loid process. Its proximal part is well de- 
fined, and its middle portion is smooth and 
rounded, giving origin to the flexor digi- 
torum profundus muscle. The distal one- 
fourth of the anterior surface is called the 
pronator ridge, which serves for the origin of 
the pronator quadratus. This border sepa- 
rates the anterior from the medial surface. 

The posterior border begins above at the 
apex of the triangular subcutaneous surface 
of the olecranon, and ends below at the back 
of the styloid process. It is well marked in 
the proximal three-fourths, and gives attach- 
ment to an aponeurosis which affords a com- 
mon origin to the flexor carpi ulnaris, the 
extensor carpi ulnaris, and the flexor digi- 
torum profundus. Its distal one-fourth is 
smooth and rounded. This border separates 
the medial from the posterior surface. 


The interosseous border (Figs. 4-147; 4- 
154; 4-155) is actually the lateral margin of 
the ulna. The union proximally of two lines 
that converge from the extremities of the 
radial notch form a sharp, prominent crest 
along the middle two-fourths of this border. 
In the upper part the converging lines en- 
close between them a triangular space for 
the origin of part of the supinator muscle. 
One of these lines descends from the medial 
margin of the radial notch and is called the 
supinator crest (Fig. 4-147). Thus, the proxi- 
mal part of the interosseous border is sharp, 
while its distal one-fourth is smooth and 
rounded. The interosseous border gives at- 
tachment to the interosseous membrane and 
separates the anterior from the posterior sur- 
face. 

The anterior surface (Figs. 4-148; 4-154) is 
concave in its upper three-fourths. This sur- 
face is much broader proximally where it 
gives origin to the flexor digitorum profun- 
dus. Its distal fourth, covered by the prona- 
tor quadratus, is separated from the re- 
maining portion by an oblique ridge, which 
marks the extent of origin of the pronator 
quadratus (Fig. 4-148). At the junction of the 
proximal with the middle third of the bone 
is the nutrient canal, which is directed up- 
ward and contains a branch of the anterior 
interosseous artery. 

The posterior surface (Figs. 4-155; 4-156) of 
the ulna is broad and concave above, convex 
and somewhat narrower in the middle, and 
narrow, smooth, and rounded distally. This 
surface is marked by an oblique ridge which 
commences proximally at the dorsal end of 
the radial notch and courses distally. The tri- 
angular surface proximal to this ridge re- 
celves the insertion of the anconeus, while 
the proximal part of the ridge affords attach- 
ment to the supinator. Distally, the surface is 
subdivided into two parts by another longi- 
tudinal ridge, sometimes called the perpen- 
dicular line: the medial part is smooth and 
covered by the extensor carpi ulnaris; the 
lateral part, wider and rougher, gives origin 
to the supinator, the abductor pollicis 
longus, the extensor pollicis longus, and the 
extensor indicis (Fig. 4-156). 

The medial surface of the ulna is broad 
and concave proximally, but narrow and 
convex distally. Its proximal three-fourths 
give origin to the flexor digitorum profun- 
dus; its distal one-fourth is subcutaneous. 

DISTAL EXTREMITY. lhe distal extremity of 
the ulna (Figs. 4-148; 4-154 to 4-156) is smaller 


than the proximal extremity and it presents 
two eminences. Of the two, the lateral is 
larger, and it is a rounded, articular emi- 
nence, termed the head of the ulna. The 
medial eminence is the narrower, more pro- 
jecting, nonarticular styloid process. The 
head of the ulna articulates with the proxi- 
mal surface of a triangular articular disc 
which separates it from the wrist joint. The 
remaining portion of the ulnar head is re- 
ceived into the ulnar notch of the radius. 
The styloid process projects from the medial 
and posterior part of the bone. It descends a 
little lower than the head of the ulna, and its 
rounded end affords attachment to the ulnar 
collateral ligament of the wrist joint. The 
head is separated from the styloid process 
by a depression on which attaches the apex 
of the triangular articular disc. Posteriorly, 
these two eminences are separated by a shal- 
low groove for the tendon of the extensor 
carpi ulnaris. 


STRUCTURE. Thelong, narrow medullary cavity is 
enclosed in a strong wall of compact tissue, which is 
thickest along the interosseous border and dorsal 
surface. At the extremities the compact layer be- 
comes thinner and is continued onto the back of the 
olecranon asa plate of close spongy bone with paral- 
lel lamellae. From the inner surface of this plate and 
the compact layer distal to it, trabeculae arch toward 
the olecranon and coronoid, and cross other trabec- 
ulae passing posteriorly over the medullary cavity 
from the proximal part of the shaft distal to the coro- 
noid process. Distal to the coronoid process there is 
a small area of compact bone from which trabeculae 
curve proximally to end oblique to the surface of the 
trochlear notch, which is coated with a thin layer of 
compact bone. The trabeculae at the distal end have 
more longitudinal direction. 

OSSIFICATION (Figs. 4-149; 4-150). The ulna is 
ossified from three centers: one each for the body or 
shaft, the distal extremity, and the proximal portion 
of the olecranon. Ossification begins near the middle 
of the shaft about the eighth week of fetal life and 
soon extends through the greater part of the bone. 
At birth the distal extremity and the greater part of 
the olecranon are cartilaginous. Between the fifth 
and sixth years, a center appears in the middle of the 
ulnar head and soon extends into the styloid proc- 
ess. About the tenth year, a center appears in the 
olecranon near its extremity. The major portion of 
the olecranon that is being ossified develops from a 
proximal extension of the ossification center in the 
shaft. The proximal epiphysis joins the body about 
the sixteenth year, while the distal extremity unites 
with the shaft about the twentieth year. 

ARTICULATIONS. The ulna articulates with the 
humerus and radius. Although it is customary to 
exclude the ulna from the wrist joint because of the 
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FiG. 4-149. Epiphyseal lines of ulna in a young adult. 
Lateral aspect. The lines of attachment of the articular 
capsules are in blue. 
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intervention of the articular disc, it should be appre- 
ciated that it contributes to this Joint in much the 
same way as the clavicle does to the sternoclavicular 
and the mandible to the temporomandibular joints. 


THE RADIUS 


The radius (Figs. 4-148; 4-154 to 4-156) lies 
parallel with the ulna and is on the lateral, or 
thumb, side of the forearm. It is shorter than 
the ulna, and although both ends are ex- 
panded, the proximal end is smaller than the 
distal. The radius participates in forming the 
elbow joint, and it is the chief proximal bone 
in the formation of the wrist joint. It presents 
a body or shaft and two extremities. 

PROXIMAL EXTREMITY. The proximal ex- 
tremity presents a head, neck, and tuberos- 
ity. The head is cylindrical, and on its proxi- 
mal surface is a shallow cup or fovea for 
articulation with the capitulum of the hu- 
merus. The articular circumference of the 
head is smooth. It is broad medially where it 
articulates with the radial notch of the ulna, 
narrow in the rest of its extent where it is 
embraced by the annular ligament. The head 
is supported on a round, smooth, and con- 
stricted portion called the neck, on the back 
of which is a slight ridge for the insertion of 
part of the supinator. Distal to the medial 
part of the neck is an oval eminence, the ra- 
dial tuberosity. Its surface is divided into a 
posterior, rough portion, for the insertion of 
the tendon of the biceps brachii muscle, and 
an anterior, smooth portion, on which a 
bursa is interposed between the tendon and 
the bone. Radiographs of the proximal ex- 
tremity of the radius can be seen in Figures 
4-151 to 4-153. 

BODY OR SHAFT. The body or shaft is 
round or cylindrical above where it joins the 
neck, but becomes triangular or prismatic in 
shape more distally. It also gradually in- 
creases in size from above downward. The 
radius is gently curved, so that it is convex 
laterally, and it presents three borders and 
three surfaces. 

The anterior border extends from the 
lower part of the tuberosity to the anterior 
part of the base of the styloid process, and 
separates the anterior from the lateral sur- 
face. Its proximal third is elevated to form 
the anterior oblique line of the radius (Fig. 
4-148), which gives origin to the flexor digi- 
torum superficialis and flexor pollicis lon- 
gus muscles. The surface proximal to the 
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Adult elbow. Frontal view. The shadow of 
the olecranon extends upward to the olecranon fossa 
and obscures the outline of the trochlea. The gap be- 
tween the humerus and the bones of the forearm is occu- 
pied by the articular cartilage of the bones concerned. 
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oblique line receives the insertion of part of 
the supinator muscle. The middle portion of 
the anterior border is rounded and less dis- 
tinct, but the distal one-fourth receives the 
insertion of the pronator quadratus, and at- 
tachment of the dorsal carpal ligament. It 
ends in a smal] tubercle, into which the 
tendon of the brachioradialis muscle is in- 
serted. 

The posterior border begins proximally at 
the posterior aspect of the neck and ends 
distally at the posterior part of the base of 
the styloid process. It separates the posterior 
from the lateral surface. This border is 
rounded and indistinct near the extremities, 
but well marked in the middle third of the 
bone. 

The interosseus border is rounded and 
indistinct where it begins above at the radial 
tuberosity. It becomes sharp and prominent 
as it descends, and at its distal part divides 
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FiG. 4-152 Elbow of a child aged 11 years. Frontal 
view. The upper epiphysis of the radius, the epiphysis 
for the medial epicondyle, and the center for the 
capitulum and the lateral part of the trochlea can be 
recognized. 
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into two ridges which are continued to the 
anterior and posterior margins of the ulnar 
notch. The triangular surface between the 
ridges receives the insertion of part of the 
pronator quadratus muscle. This border sep- 
arates the anterior from the posterior surface 
of the bone, and gives attachment to the in- 
terosseous membrane, which interconnects 
the opposed borders of the radius and ulna. 

The anterior surface (Figs. 4-148; 4-154) is 
concave in its proximal three-fourths, and 
gives origin to the flexor pollicis longus. It is 
broad and flat in its distal one-fourth, and 
receives the insertion of the pronator quad- 
ratus. A prominent ridge limits the insertion 
of the pronator quadratus distally, and be- 
tween this and the inferior edge of the radius 
is a triangular rough surface for the attach- 
ment of the palmar radiocarpal ligament. At 
the level of the junction of the upper and 
middle third of the anterior surface is the 
nutrient foramen which transmits a branch 
of the anterior interosseous artery to the 
bone. 

The posterior surface of the radius (Figs. 
4-155; 4-156) is convex and smooth in the 
proximal third of its extent, and covered 
by the supinator. Its middle third is broad, 
slightly concave, and gives origin to the ab- 
ductor pollicis longus and extensor pollicis 
brevis muscles. Its distal third is broad, con- 
vex, and covered by the tendons of the mus- 
cles that subsequently run in grooves along 
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Elbow of a child aged 10 years. Lateral view. The upper epiphysis of the radius, the olecranon epiphysis, 


and the center for the capitulum and the lateral part of the trochlea can be observed. 
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Fic. 4-154. Left forearm bones. Anterior aspect. (From 
Benninghoff and Goerttler, 1975.) 





Styloid process 


the dorsal aspect of the distal extremity. 
These are described below. 

The lateral surface is convex throughout 
its entire extent. Its upper third receives the 
insertion of the supinator. About its center is 
a rough ridge for the insertion of the prona- 
tor teres muscle. Its lower part is narrow 
and covered by the tendons of the abductor 
pollicis longus and extensor pollicis brevis 
muscles. 

DISTAL ExTREMITY. The distal extremity of 
the radius (Figs. 4-148; 4-154; 4-156) is quadri- 
lateral in shape and is the broadest portion 
of the bone. It is provided with two articular 
surfaces—one on the distal end of the bone 
articulates with the carpal bones at the wrist 
joint; the other is directed medially for artic- 
ulation with the ulna. The carpal articular 
surface (Fig. 4-157) is concave and smooth. 
and it is divided by a slight anteroposterior 
ridge into lateral and medial parts. Of these, 


the lateral is somewhat triangular in shape 
and it articulates with the scaphoid bone, 
while the medial is more quadrangular in 
shape and it articulates with the lunate bone. 
The articular surface for the ulna is called 
the ulnar notch of the radius. It is narrow, 
smooth, and concave, and articulates with 
the head of the ulna to form the inferior ra- 
dioulnar joint. 

The two articular sites on the distal ex- 
tremity of the radius are separated by a 
prominent ridge, to which is attached the 
base of the triangular articular disc which 
lies between the wrist joint and the distal 
radioulnar articulation. The distal extremity 
also presents three nonarticular surfaces: 
anterior, posterior, and lateral. The palmar 
or anterior surface, rough and irregular, af- 
fords attachment to the palmar radiocarpal 
ligament. The posterior surface is convex 
and affords attachment to the dorsal radio- 
carpal ligament. Near its middle, this surface 
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FiG 4-157. The distal ends of the left radius and ulna showing the carpal articular surface of the radius and the area 
on the ulna for contact with the articular disc. Inferior aspect. 


is marked by a dorsal tubercle (Fig. 4-157), to 
which is attached a part of this extensor reti- 
naculum. Further, this surface contains three 
grooves within which lie tendons of muscles 
of the extensor forearm compartment. Be- 
ginning at the lateral or thumb side, the first 
groove is broad but shallow, and subdivided 
into two parts by aslight ridge; the lateral part 
transmits the tendon of the extensor carpi 
radialis longus, the medial transmits the ten- 
don of the extensor carpi radialis brevis. The 
second groove is deep but narrow and 
bounded laterally by a sharply defined 
oblique ridge; it transmits the tendon of the 
extensor pollicis longus. The third is broad, 
for the passage of the tendons of the exten- 
sor digitorum. Deep to these tendons and 
adjacent to the bone course the tendon of the 
extensor indicis and the posterior interosse- 
ous nerve. The lateral surface is prolonged 
distally into a strong, conical projection, the 
styloid process. This process extends dis- 
tally beyond the ulnar styloid process and 
gives attachment by its base to the tendon of 
the brachioradialis, and by its apex to the 
radial collateral ligament of the wrist joint. 
The lateral surface of the styloid process of 
the radius is marked by a flat groove for the 
tendons of the abductor pollicis longus and 
extensor pollicis brevis. 


STRUCTURE. The long narrow medullary cavity of 
the radius is enclosed in a strong wall of compact 
tissue, which is thickest along the interosseous bor- 
der and thinnest at the extremities except over the 
cup-shaped articular surface of the head, where it is 


thick. The trabeculae of the spongy tissue are some- 
what arched at the proximal end and pass proximally 
from the compact layer of the shaft to the fovea of 
the head of the radius. They are crossed by other 
trabeculae which are oriented parallel to the surface 
of the fovea. The arrangement at the distal end is 
somewhat similar. 

OSSIFICATION (Figs. 4-158; 4-159). The radius 
is ossified from three centers: one for the body and 
one for each extremity. That for the shaft makes its 
appearance near the center of the bone during the 
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Fig. 4-158 Plan of ossification of the radius. From 
three centers. 
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Fic. 4-159. Epiphyseal lines of radius in a young adult. 
Anterior aspect. The line of attachment of the articular 
capsules of the wrist joint is in blue. 


eighth week of fetal life. During the second year, 
ossification commences in the distal end, and at 
about the fifth year, in the proximal end. The proxi- 
mal epiphysis fuses with the body at the age of fif- 
teen to eighteen years, while the distal epiphysis 
fuses between the seventeenth and twentieth year. 
An additional center sometimes found in the radial 
tuberosity appears about the fourteenth or fifteenth 
year. 

ARTICULATIONS. The radius articulates with the 
humerus, ulna, scaphoid, and lunate bones. 


The Hand 


The skeleton of the hand (Figs. 4-160; 4- 
161) is subdivided into three segments: the 
carpal or wrist bones, the metacarpal bones 
of the palm, and the phalanges or bones of 
the digits. 


CARPAL BONES 


The carpal bones are eight in number and 
they are arranged in two rows of four bones 
each. Those of the proximal row, from the 
radial to the ulnar side, are named the 
scaphoid, lunate, triquetral, and pisiform; 
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those of the distal row, in the same order, are 
named the trapezium, trapezoid, capitate, 
and hamate. 

SURFACES OF THE CARPAL BONES. With the 
exception of the pisiform bone which lies on 
the palmar surface of the triquetral, each 
carpal bone has six surfaces: palmar and 
dorsal, proximal and distal, medial and lat- 
eral. The palmar (volar) and dorsal surfaces 
are roughened for ligamentous attachment, 
the dorsal surfaces generally being broader 
than the palmar, except for the scaphoid and 
lunate. The proximal and distal surfaces are 
articular, the proximal generally being con- 
vex and the distal concave. The medial 
(ulnar) and lateral (radial) surfaces are also 
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Fic. 4-160. Outline of the left hand, showing the skele- 
ton from the dorsal aspect. (From Benninghoff and 
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Fig. 4-161. Outline of the left hand, showing the skeleton from the palmar aspect. (From Benninghoff and Goerttler, 


1975.) 


articular and the means by which the carpal 
bones articulate with each other, allowing 
the formation of the two rows of contiguous 
bones characteristic of the human carpus. 


BONES OF THE PROXIMAL ROW 


The bones of the proximal row are so ori- 
ented that their proximal and distal surfaces 
form an arch, the convexity of which is di- 
rected proximally for articulation with the 
radius and the articular disc capping the 
lower end of the ulna. The concavity of this 
arch, directed distally, is filled principally 
by the capitate and hamate of the distal row 
of carpal bones (Figs. 4-160; 4-161). The dor- 
sal surface of the bones in the proximal row 


is slightly convex and uneven, and it is cov- 
ered by ligaments and tendons. The volar 
surface is concave, contributing to the carpal 
groove which is filled by structures entering 
the palm of the hand from the forearm. The 
scaphoid, lunate, triquetral, and pisiform 
bones will be described in order. 

SCAPHOID BONE. The scaphoid bone 
(Fig. 4-162) is the largest bone of the proxi- 
mal row. Its long axis extends obliquely dis- 
tally and laterally and it is situated at the 
radial side of the carpus. The proximal sur- 
face is convex, smooth, and triangular, and 
articulates with the radius. The distal sur- 
face is also smooth, convex, and triangular, 
and is divided by a slight ridge into two 
parts, the lateral articulating with the trape- 
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Fig. 4-162. The left scaphoid bone. A, From the dorsal aspect. B, From the palmar aspect. 


zium, the medial with the trapezoid. On the 
dorsal surface is a narrow, rough groove, 
which courses the entire length of the bone 
and serves for the attachment of ligaments. 
The palmar surface is concave and elevated 
at its lateral part into a rounded projection, 
the tubercle, to which is attached the flexor 
retinaculum and sometimes the origin of a 
few fibers of the abductor pollicis brevis. 
The tubercle can be felt through the skin on 
the anterior aspect of the extended wrist at 
the base of the thenar eminence and in line 
with the radial aspect of the middle finger. 
The lateral surface is rough and narrow, and 
gives attachment to the radial collateral liga- 
ment of the wrist. The medial surface pre- 
sents two articular facets. Of these, the proxi- 
mal is smaller, flattened, and of semilunar 
form, and articulates with the lunate bone, 
while the distal is concave, forming with the 
lunate a concavity for the head of the capi- 
tate bone. 


Articulations. The scaphoid articulates with five 
bones: the radius proximally, trapezium and trape- 
zoid distally, and capitate and lunate medially. 

Fracture of the Scaphoid. The scaphoid is the 
most commonly fractured bone in the wrist. A fall 
upon the radially deviated hand may result in a frac- 
ture across the middle of the bone at its narrowest 
site. 


LUNATE BONE. The lunate bone (Fig. 4-163) 
may be distinguished by its deep concavity 
and crescentic outline. It is situated in the 
center of the proximal row of carpal bones, 
between the scaphoid and triquetral. The 
proximal surface, convex and smooth, artic- 
ulates with the radius. The distal surface is 
deeply concave and articulates with the 
head of the capitate. This surface also articu- 
lates with the edge of the hamate bone by a 
long, narrow facet which is separated from 
the capitate articular surface by a curved 


ridge. The dorsal and palmar surfaces are 
both roughened for the attachment of liga- 
ments. The lateral surface presents a nar- 
row, flattened, semilunar facet for articula- 
tion with the scaphoid. The medial surface 
is marked by a smooth, quadrilateral facet 
for articulation with the triquetral bone. 


Articulations. The lunate articulates with five 
bones: the radius proximally, capitate and hamate 
distally, scaphoid laterally, and triquetral medially. 

Dislocation of the Lunate. The lunate bone its 
the carpal bone that is most frequently dislocated. It 
usually results from a fall upon the hyperextended 
hand in which all the other bones in the wrist are 
carried backward by the force of the fall except the 
lunate and part of the scaphoid. 


TRIQUETRAL BONE. The triquetral bone 
(Fig. 4-164) may be distinguished by its py- 
ramidal shape, and by an oval isolated facet 
for articulation with the pisiform bone. It is 
situated at the proximal and ulnar side of the 
wrist. The proximal surface presents a me- 
dial, rough, nonarticular portion, and a lat- 
eral convex articular portion which articu- 
lates with the triangular articular disc of the 
distal radioulnar joint of the wrist. The dis- 
tal surface, directed lateralward, is concave, 
sinuously curved, and smooth for articula- 
tion with the hamate. The dorsal surface is 
rough for the attachment of ligaments. The 
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Fic. 4-163. The left lunate bone. A, From the infero- 
medial aspect. B, From the superolateral aspect. 
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palmar surface presents, on its medial part, 
an oval facet for articulation with the pisi- 
form, while its lateral part is rough for liga- 
mentous attachment. The lateral surface, 
which forms the base of the pyramid, is 
marked by a flat, quadrilateral facet for ar- 
ticulation with the lunate. The roughened 
medial surface is the pointed summit of the 
pyramid, and to it attaches the ulnar collat- 
eral ligament of the wrist. 


Articulations. The triquetral articulates with 
three bones: the lunate laterally, the pisiform anteri- 
orly, and the hamate distally, and with the triangular 
articular disc, which separates it from the lower end 
of the ulna proximally. 


PIStFORM BONE. The pisiform bone (Fig. 
4-165) is the smallest of the carpal bones and 
can be identified by its spheroidal shape, 
which is flat on the one surface that serves as 
its only articular facet. It is situated on a 
plane anterior to the other carpal bones, at 
the base of the hypothenar eminence on the 
medial side of the wrist. Its dorsal surface 
presents a smooth, oval facet for articulation 
with the triquetral bone. This facet ap- 
proaches the proximal but not the distal bor- 
der of the bone. The palmar surface is 
rounded and rough, and gives attachment to 
the flexor retinaculum and to the flexor 
carpi ulnaris and abductor digiti minimi 
muscles. The lateral and medial surfaces are 
also rough, and the lateral surface usually 
presents a shallow groove which lies in rela- 
tion to the ulnar artery. 


Articulation. The pisiform articulates with one 


bone, the triquetral. It does not participate in the 
formation of the radiocarpal joint. 


For triquetral 





Fig 4165 The left pisiform bone. From the dorsal as- 
pect. 


BONES OF THE DISTAL ROW 


The four bones of the distal row (Figs. 4- 
160; 4-161) articulate proximally with the 
scaphoid, lunate, and triquetral, distally 
with the five metacarpal bones and with 
each other. Their arrangement is such that 
they form a gentle convex arch dorsally, but 
a deep concavity, the carpal groove, on the 
palmar surface. They are straighter in their 
alignment across the wrist than the proximal 
row, especially at their distal articulations 
with the metacarpal bones. From radial to 
ulnar sides, they include the trapezium, trap- 
ezoid, capitate, and hamate. 

THE TRAPEZIUM. The trapezium (Fig. 4-166) 
is quite irregular in its shape, but may be 
distinguished by a deep groove and a dis- 
tinct ridge or tubercle on its palmar surface. 
The bone is situated at the radial side of the 
wrist between the scaphoid and first meta- 
carpal. The proximal surface is smooth and 
contains a shallow facet which articulates 
with the scaphoid bone. The distal surface is 
oval and saddle-shaped, and articulates with 
the base of the first metacarpal bone. The 
dorsal surface is rough and rests in relation- 
ship to the overlying radial artery. The pal- 
mar surface is narrow and rough. At its 
proximal part is a deep groove that transmits 
the tendon of the flexor carpi radialis. It is 
bounded laterally by an oblique, ridge-like 
tubercle. This surface gives origin to the 
opponens pollicis, abductor pollicis brevis, 
and flexor pollicis brevis muscles, and af- 
fords attachment to the flexor retinaculum. 
The lateral surface is broad and rough for 
the attachment of ligaments. The medial sur- 
face presents two facets: a large, concave, 
proximal one, which articulates with the 
trapezoid, and a small, oval, distal one, 
which articulates with the base of the sec- 
ond metacarpal. 


Articulations. The trapezium articulates with 
four bones: the scaphoid proximally, the first meta- 
carpal distally, and the trapezoid and second meta- 
carpal medially. 


TRAPEZOID BONE. The trapezoid bone 
(Fig. 4-167) is the smallest bone in the distal 
row. It may be identified by its wedge shape, 
the broad end of the wedge constituting the 
dorsal surface, and the narrow end forming 
the palmar surface of the bone. Additionally, 
the trapezoid has four articular facets touch- 
ing each other, and these are separated by 
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Fic. 4-166. The left trapezium. A, From the palmar aspect. B, From the superomedial aspect. 


sharp edges. The proximal surface articu- 
lates with the scaphoid. The distal surface is 
subdivided by an elevated ridge into two 
unequal facets, which articulate with the 
base or proximal end of the second metacar- 
pal bone. The large dorsal and smaller pal- 
mar surfaces are rough for the attachment of 
ligaments. The lateral surface, convex and 
smooth, articulates with the trapezium. The 
medial surface is concave and smooth ante- 
riorly for articulation with the capitate bone, 
but rough dorsally for the attachment of an 
interosseous ligament. 


Articulations. The trapezoid articulates with four 
bones: the scaphoid proximally, second metacarpal 
distally, trapezium laterally, and capitate medially. 


CAPITATE BONE. The capitate bone (Fig. 
4-168) is the largest of the carpal bones and 
occupies the center of the wrist. It presents a 
rounded portion or head, which is received 
into the concavity formed by the scaphoid 
and lunate bones, a constricted portion or 
neck, and a body. The proximal surface is 
round and smooth and articulates with the 
lunate. The distal surface is divided by two 
ridges into three facets, which articulate 
with the bases of the second, third, and 
fourth metacarpal bones, that for the third 
being the largest. The dorsal surface is broad 
and rough. The palmar surface is narrow, 
rounded, and rough for the attachment of 
ligaments and a part of the oblique head of 
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Fig. 4-167. The left trapezoid bone. A, From the medial 
aspect. B, From the inferolateral aspect. 


the adductor pollicis muscle. The lateral sur- 
face articulates with the trapezoid by asmall 
facet at its anterior inferior angle, behind 
which is a rough depression for the attach- 
ment of an interosseous ligament. Proximal 
to this is a deep, rough groove, forming part 
of the neck, and serving for the attachment 
of ligaments. Proximally, the lateral surface 
is bounded by a smooth, convex surface for 
articulation with the scaphoid. The medial 
surface articulates with the hamate by a 
smooth, concave, oblong facet, which occu- 
pies its proximal and more dorsal part. The 
palmar portion of the medial surface is 
rough for the attachment of an interosseous 
ligament. 


Articulations. The capitate articulates with 
seven bones: the scaphoid and lunate proximally; 
the second, third, and fourth metacarpals distally; 
the trapezoid on the radial side, and the hamate on 
the ulnar side. 

Clinical Note. The large size and central location 
of the capitate bone places its head in a position to 
transmit the force of a fall on the outstretched hand 
to the radius through the scaphoid and lunate 
bones. Thus, it is through the capitate bone that the 
most common injuries to the carpal bones occur, 
i.e., fractures of the scaphoid and dislocations of the 
lunate. 


HAMATE BONE. ‘The hamate bone (Fig. 
4-169) is wedge-shaped and may readily be 
distinguished by the hook-like process that 
projects from its palmar surface. This bone 
is situated most medially along the distal 
row of the carpus, and the base of the wedge 
is directed distally and rests on the fourth 
and fifth metacarpal bones. The proximal 
surface is narrow, convex, and smooth, and 
is the apex of the wedge, articulating with 
the lunate. The distal surface articulates 
with the fourth and fifth metacarpal bones 
by concave facets that are separated by a 
ridge. The dorsal surface is triangular and 
rough for ligamentous attachment. The pal- 
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Fic. 4-168. The left capitate bone. A, From the lateral aspect. B, From the medial aspect. 


mar surface presents a curved hook-like 
process, the hamulus, at its distal and ulnar 
side. The hamulus can be felt through the 
skin at the base of the hypothenar eminence 
in line with the ulnar border of the ring fin- 
ger. To the tip of the hamulus is attached the 
flexor retinaculum and the flexor carpi ul- 
naris, and to its medial surface, the flexor 
digitorum brevis and opponens digiti min- 
imi. Its lateral side is grooved for the passage 
of the flexor tendons into the palm of the 
hand. It is one of the four eminences on the 
front of the carpus to which the flexor reti- 
naculum of the wrist is attached; the others 
being the pisiform medially, the oblique 
ridge of the trapezium, and the tubercle of 
the scaphoid laterally. The ulnar surface of 
the hamate articulates with the triquetral 
bone by an oblong facet. The radial surface 
articulates with the capitate by its proximal 
and more posterior part, the remaining por- 
tion being rough for the attachment of liga- 
ments. 


Articulations. The hamate articulates with five 
bones: the lunate proximally, the fourth and fifth 
metacarpals distally, the triquetral medially, and the 
capitate laterally. 


For lunate 







For triquetral 


For 5th metacarpal Hamulus 


METACARPAL BONES 


COMMON cCHaRacTERisTics. The meta- 
carpus (Figs. 4-160; 4-161; 4-170 to 4-176) con- 
sists of five slender bones which are num- 
bered 1 to 5 from the radial or thumb side to 
the ulnar or little finger side. Consisting of a 
body or shaft and two extremities, the meta- 
carpal bones might be described as long 
bones in miniature. Each extends from the 
carpal bones to the proximal phalanx of the 
respective finger. 

They can be palpated throughout their 
entire extent on the dorsum of the hand, and 
they terminate distally at the proximal row 
of knuckles. On the palmar side, they are 
difficult to palpate proximally since they 
course beneath the flexor tendons, but at a 
site 2cm proximal to the roots of the fingers, 
they can easily be felt on the palmar surface. 
This site on the palm of the hand lies oppo- 
site the knuckle on the dorsum of the hand. 
Each metacarpal consists of a body, a base, 
and a head. 

The body is curved longitudinally so as 
to be slightly convex on the dorsal surface, 
the concavity on the palmar side contain- 
ing muscles. The metacarpal body presents 
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Fic. 4-169. The left hamate bone. A, From the media] aspect. B, From the inferolateral aspect. 
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Fig. 4-170. 


three surfaces: medial, lateral, and dorsal. 
The medial and lateral surfaces are concave 
for the attachment of the interosseous mus- 
cles, and these surfaces are separated from 
one another by a prominent palmar ridge. 
The dorsal surface presents in its distal 
two-thirds a smooth, triangular, flattened 
area, which is covered in the intact body by 
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Bones of the left hand. Palmar surface. 


the tendons of the extensor muscles. This 
surface is bounded by two lines which com- 
mence as small tubercles on each side of the 
distal extremity. These lines converge some 
distance proximal to the center of the bone 
to form a ridge that runs along the rest of the 
dorsal surface to the proximal extremity. 
This ridge separates two sloping surfaces for 
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the attachment of the dorsal interosseous 
muscles. To the tubercles on the distal ex- 
tremities are attached the collateral liga- 
ments of the metacarpophalangeal joints. 
The base or proximal extremity is the ex- 
panded carpal end of the bone and is cuboi- 





Bones of the left hand. Dorsal surface. 


dal in shape but broader dorsally. It articu- 
lates proximally with the carpus, and on 
each side with the adjacent metacarpal 
bones. An exception is the base of the first 
metacarpal, which does not articulate with 
the second. The dorsal and palmar surfaces 
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Fig. 4-172. The left first metacarpal. A, Lateral or ra- 
dial aspect. B, Medial or ulnar aspect. 


of the metacarpal bases are rough for the at- 
tachment of ligaments. 

The head or distal extremity articulates 
with the proximal phalanx on each finger. It 
presents a smooth, oblong, convex surface 
flattened from side to side, which extends 
farther proximally on the palmar than on the 
dorsal aspect. On each side of the head is a 
tubercle, and between the tubercles on the 
palmar side, a hollow fossa for the attach- 
ment of the collateral ligament of the meta- 
carpophalangeal joint. The dorsal surface is 
broad and flat and supports the extensor ten- 
dons. The palmar surface is grooved in the 
midline for the passage of the flexor tendons 
and it is marked on each side by an articular 
eminence continuous with the terminal ar- 
ticular surface. 

FIRST METACARPAL BONE. The first meta- 
carpal bone (to the thumb) is shorter and 
stouter, and diverges to a greater degree 
from the carpus than the other metacarpals 
(Fig. 4-172). It is rotated about its long axis so 
that its flexor surface is directed medially 
toward the radial side of the second meta- 
carpal. The body is flattened and broad, and 
its dorsal surface is slightly convex. Its pal- 
mar surface is concave and divided by a 
blunt ridge into a larger lateral part, which 
gives rise to the opponens pollicis muscle 
(Fig. 4-170), and asmaller medial part, which 
gives origin to the lateral head of the first 
dorsal interosseous muscle (Fig. 4-171). The 
base or proximal extremity presents a sad- 
dle-shaped surface for articulation with the 
trapezium (Fig. 4-172). It has no facets on its 
sides, but on its lateral side is a small tuber- 
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cle for the insertion of the abductor pollicis 
longus. The head is rounded and less convex 
than those of the other metacarpal bones, 
and is broader from side to side, than from 
palmar to dorsal surface. On its palmar sur- 
face of the head are two articular eminences, 
of which the lateral is larger, for the two ses- 
amoid bones in the tendons of the two heads 
of the flexor pollicis brevis. 

SECOND METACARPAL BONE. The second 
metacarpal bone (Fig. 4-173) is the longest, 
and its base the largest of all the metacarpal 
bones. The medial aspect of its base is pro- 
longed proximally, thereby forming a promi- 
nent groove. On the base are four articular 
facets, three on the proximal surface and 
one, for articulation with the third metacar- 
pal bone, on the ulnar side. Of the facets on 
the proximal surface the intermediate is the 
largest and is for articulation with the trape- 
zoid bone. The facet on the lateral aspect of 
the base is flat and oval for articulation with 
the trapezium, while the one on the medial 
aspect is long and narrow for articulation 
with the capitate. 

The extensor carpi radialis longus is in- 
serted on the dorsal surface and the flexor 
carpi radialis on the palmar surface of the 
base (Figs. 4-171; 4-172). Along the body of 
the second metacarpal bone originate three 
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Fic. 4-173. The left second metacarpal. A, Dorsolateral 
aspect. B, Medial aspect. 
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interosseous muscles, two dorsal and one 
palmar. The convex, rounded head articu- 
lates with the proximal phalanx of the index 
finger. 

THIRD METACARPAL BONE. The third meta- 
carpal bone (Fig. 4-174) is a little smaller 
than the second. The dorsal aspect of its 
base presents on its radial side a pyramidal 
eminence, the styloid process, which ex- 
tends proximally behind the capitate bone. 
Immediately distal to this is a rough surface 
on the dorsal aspect of the base for the inser- 
tion of the extensor carpi radialis brevis 
muscle. The base articulates by means of a 
concave facet with a single carpal bone, the 
capitate. On the radial side is a smooth, con- 
cave facet for articulation with the second 
metacarpal, and on the ulnar side two small 
oval facets for the fourth metacarpal. The 
dorsal surface of the body gives origin to the 
second and third dorsal interosseous mus- 
cles, while along the palmar surface arises 
the transverse head of the adductor pollicis 
muscle. The head of the bone articulates 
with the proximal phalanx of the middle 
finger. 

FOURTH METACARPAL BONE. The fourth 
metacarpal bone (Fig. 4-175) is shorter and 
more slender than the third. The base is 
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Fic. 4-174. The left third metacarpal. A, Lateral aspect. 
B, Medial aspect. 
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Fic. 4-175. The left fourth metacarpal. A, Lateral as- 
pect. B, Medial aspect. 


small and quadrilateral, and its proximal 
surface presents two facets, the larger of 
which is oriented medially for articulation 
with the hamate, while the smaller one is lat- 
eral for the capitate. On the lateral aspect of 
the head are two oval facets for articulation 
with the third metacarpal, and on the medial 
side is found a single concave facet for the 
fifth metacarpal. The thin body gives attach- 
ment to two dorsal interosseous muscles and 
one palmar interosseous. The head articu- 
lates with the proximal phalanx of the ring 
finger. 

FIFTH METACARPAL BONE. The fifth meta- 
carpal bone (Fig. 4-176) presents on its base a 
concave facet on its proximal surface that 
articulates with the hamate, and another on 
its lateral side that articulates with the 
fourth metacarpal. Unlike all the other meta- 
carpal bones, the medial or ulnar side of the 
base is nonarticular, but does present a 
prominent tubercle for the insertion of the 
tendon of the extensor carpi ulnaris. The 
dorsal surface of the body is divided by an 
oblique ridge, lateral to which arises the 
fourth dorsal interosseous muscle (Fig. 4-171), 
and medial to which course the extensor 
tendons of the little finger. The palmar sur- 
face of the body gives origin laterally to the 
third palmar interosseous muscle and inser- 
tion medially to the opponens digiti minimi 
muscle (Fig. 4-170). 
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Fic. 4-176. The fifth left metacarpal. A, Lateral aspect. 
B, Medial aspect. 


ARTICULATIONS. Besides their phalangeal articu- 
lations, the metacarpal bones articulate as follows: 
the first with the trapezium; the second with the 
trapezium, trapezoid, capitate, and third metacarpal; 
the third with the capitate, and the second and 
fourth metacarpals; the fourth with the capitate, 
hamate, and third and fifth metacarpals; and the 
fifth with the hamate and fourth metacarpal. 


PHALANGES OF THE HAND 


The phalanges of the hand (Figs. 4-160: 
4-161; 4-170; 4-171) are fourteen in number, 
three for each finger, and two for the thumb. 
The phalanges of the four fingers contain 
three bones called proximal, middle, and 
distal. The two of the thumb are called prox- 
imal and distal. Each phalanx consists of a 
body and two extremities. The proximal ex- 
tremity is called the base and the distal ex- 
tremity, the head, in a manner similar to the 
metacarpal bones. The body tapers distally 
and is convex dorsally, and its sides are 
marked by rough ridges which give attach- 
ment to the fibrous sheaths of the flexor ten- 
dons. 

The bases of the bones of the proximal 
row of phalanges present oval, concave ar- 
ticular surfaces, which are broader from 
side to side and articulate with the rounded, 
smooth heads of the metacarpal bones. The 
heads of the proximal row of phalanges are 
smaller than the bases, and each ends in two 
condyles separated by a shallow groove. The 
articular surface extends farther on the pal- 
mar than on the dorsal surface. 
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The bases of each of the bones in the mid- 
dle row of phalanges present two small con- 
cave facets separated by an elevated median 
ridge, allowing them to articulate snugly and 
conform to the grooved heads of the proxi- 
mal phalanx. The heads of the phalanges of 
the middle row are pulley-shaped and end, 
as do those in the proximal row, in two con- 
dyles between which is a groove (Fig. 4-180). 

The distal row of phalanges are convex 
on their dorsal and flat on their palmar sur- 
faces, and they can be recognized by their 
small size. Their bases are identical in shape 
to those in the middle row, but their distal 
extremities present a roughened, horse- 
shoe-shaped elevation on the palmar sur- 
face, called the ungual tuberosity, which 
supports the fingernail and the sensitive 
pulp of the fingertips. 


MUSCLE INSERTIONS. The edges of the palmar 
surface of the middle phalangeal bases in the four 
ulnar fingers receive the insertion of the flexor digi- 
torum superticialis tendons. Onto the palmar surface 
of the distal phalangeal bases are inserted the ten- 
dons of the flexor digitorum profundus. The interos- 
seous muscles insert onto the bases of the proximal 
phalanges. Onto the medial aspect of the phalangeal 
base of the little finger insert the flexor digiti minimi 
brevis and the abductor digiti minimi. The base of 
the proximal phalanx of the thumb receives the in- 
sertions of the flexor and abductor pollicis brevis as 
well as the adductor pollicis. The extensor digitorum 
tendons insert onto the dorsal aspect of the bases of 
the middle and distal phalanges. Onto the dorsum of 
the base of the middle phalanx of the index finger is 
inserted the extensor indicis tendon. The dorsum of 
the proximal phalangeal base of the thumb receives 
the insertion of the extensor pollicis brevis, while 
onto the distal phalanx is inserted the extensor 
pollicis longus (Figs. 4-170; 4-171). 

ARTICULATIONS. In the four fingers the proximal 
phalanges articulate with the middle phalanges and 
with the metacarpals. The middle phalanges articu- 
late with both the proximal and distal phalanges, 
while the distal phalanges articulate only with the 
middle. In the thumb, which has only two phalan- 
ges, the first phalanx articulates by its base with the 
metacarpal bone and by its head with the ungual 
phalanx. 

OSSIFICATION OF THE BONES OF THE HAND. The 
carpal bones (Figs. 4-178; 4-179) are each ossified 
from a single center, and although individual varia- 
tion is observed, ossification generally proceeds in 
the following order (Fig. 4-177): in the cap/tate and 
hamate, during the first year after birth, the former 
preceding the latter; in the trquetra/, during the 
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Fig. 4-177. Plan of ossification of the hand. 


third year; in the /unate, during the fourth year in 
females and the fifth year in males; in the trapezium, 
trapezoid, and scaphoid, during the fifth year in fe- 
males and during the sixth and seventh years in 
males; and in the pisiform during the ninth year in 
females and the eleventh year in males. Ossification 
is usually bilaterally symmetrical. 

The metacarpal bones are each ossified from two 
centers: one for the body and one for the distal ex- 
tremity (the heads) of each of the second, third, 
fourth, and fifth bones. One of the two ossification 
centers of the first metacarpal bone occurs in the 
body, but in contrast to the other metacarpals, the 
second ossification center occurs at the base. The 
first metacarpal bone is therefore ossified in the 
Same manner as the phalanges, and this has led 
some anatomists to regard the thumb as being made 
up of three phalanges, and not of a metacarpal bone 
and two phalanges. Ossification commences in the 
middle of the body about the eighth or ninth week of 
fetal life. The centers for the second and third meta- 
carpals are the first to appear, and that for the first 
metacarpal, the last. At about the third year the dis- 
tal extremities (heads) of the metacarpals of the fin- 


gers and the base of the metacarpal of the thumb 
begin to ossify. They unite with the bodies between 
the eighteenth and twentieth year. 

The phalanges are each ossified from two cen- 
ters: one for the body and one for the base. Ossifica- 
tion begins in the body of the phalanges at about the 
eighth week of fetal life. Ossification of the base 
commences in the proximal phalanges during the 
second year, and a year later in middle and distal 
phalanges. The two centers become united in each 
row before the twentieth year. 

In the distal phalanges the centers for the bodies 
appear at the heads (distal extremity) of the phalan- 
ges, instead of at the middle of the bodies, as in 
other phalanges. Moreover, of all the bones of the 
hand, the distal phalanges are the first to ossify. 

VARIATIONS. Occasionally an additional bone, 
the os centrale, is found on the dorsum of the wrist, 
lying between the scaphoid, trapezoid, and capitate. 
During the second month of fetal life it is repre- 
sented by a small cartilaginous nodule, which usu- 
ally fuses with the cartilaginous scaphoid. Some- 
times the styloid process of the third metacarpal is 
detached and forms an additional bone. 
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Hand and wrist of a child aged 2, years. The capitate and hamate bones are in process of ossification, but 
the other carpal bones are still cartilaginous. The center for the head of the ulna has not yet appeared, but the center 
for the lower epiphysis of the radius is present. Note the condition of the metacarpal bones and phalanges. 
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The hip bone, also called the innominate 
bone (Figs. 4-181 to 4-184), is large, flat, and 
irregularly shaped. Its middle is constricted, 
and it is expanded both above and below. 
Articulating with the opposite hip bone an- 
teriorly in the midline, and with the sacrum 
posteriorly, it forms the greater part of the 
bony walls of the pelvic cavity. Also, the two 
hip bones together form the pelvic girdle 
from which extends the skeleton of the 
lower extremities. Thus, in position, it is in- 
terposed between the vertebral column and 
the femur, thereby connecting the trunk to 
the lower limb. Each hip bone consists of 
three parts, the ilium, ischium, and pubis, 
which are separated from each other by car- 
tilage in young subjects, but are fused in the 
adult. The union of the three parts takes 


place in and around a large cup-shaped ar- 
ticular cavity, the acetabulum, which is situ- 
ated near the middle of the lateral surface of 
the bone (Fig. 4-181). The ilium is the supe- 
rior, broad, and expanded portion which 
extends cranialward from the acetabulum. It 
forms the upper two-fifths of the acetabulum 
and acts as the weight-bearing part of the 
bone. The ischium is the most inferior and 
strongest portion. It proceeds downward 
from the acetabulum and expands into the 
large ischial tuberosity. Curving ventrally, 
the ischium then forms with the pubis a 
large aperture, the obturator foramen. The 
pubis extends medialward from the acetab- 
ulum and articulates in the midline at the 
symphysis pubis with the bone of the oppo- 
site side. The anterior aspect of the pubic 
bones forms the front of the pelvis and sup- 
ports the overlying external genital organs. 

THE iLtum. The ilium (Figs. 4-182 to 4-184) 
is divisible into two parts, the smaller body 





FiG. 4-179. Hand and wrist of a child aged 11 years. All the certers of ossification are present except that for the 
pisiform bone. Note how the first metacarpal differs from the other metacarpal bones. 


and the expanded upper portion called the 
ala. The junction of these two parts is indi- 
cated on the internal surface by the arcuate 
line (Fig. 4-183) and on the external surface 
by the margin of the acetabulum. 

The body of the ilium enters into the for- 
mation of the acetabulum, of which it forms 
rather less than two-fifths. Its external 
surface (Fig. 4-182) is partly articular, partly 
nonarticular. The articular segment forms a 
portion of the lunate surface of the acetabu- 
lum, i.e., the walls of the acetabular cup. The 
nonarticular portion contributes to the 
roughened floor of the cavity, or the acetabu- 
lar fossa. The internal surface (Fig. 4-183) of 
the body is part of the wall of the lesser pel- 
vis and gives origin to some fibers of the ob- 
turator internus muscle. It is continuous 
below with the pelvic surfaces of the ischium 
and pubis, only a faint line indicating the 
place of union. 

The ala or wing is the large expanded por- 
tion which bounds the greater pelvis later- 
ally. It presents for examination two sur- 
faces—a gluteal and a sacropelvic, and a 


crest, and two borders—an anterior and a 
posterior. 

The gluteal surface is oriented laterally 
and posteriorly behind, and laterally and 
somewhat inferiorly in front. It is smooth 
and convex ventrally, but deeply concave 
dorsally. The gluteal surface is bounded su- 
periorly by the iliac crest, inferiorly by the 
superior border of the acetabulum, and in 
front and behind by the anterior and poste- 
rior borders of the ala. This surface is 
crossed in an arched direction by three 
ridges—the posterior, anterior, and inferior 
gluteal lines. The posterior gluteal line, the 
shortest of the three, begins above on the 
outer lip of the iliac crest about 5 cm in front 
of its posterior extremity. The upper part of 
this line is distinctly marked, but as it passes 
downward toward its termination at the 
greater sciatic notch, it becomes more ob- 
scure and difficult to define (Figs. 4-182; 4- 
184). Dorsal to this line is a narrow semilu- 
nar surface which is rough and gives origin 
to a small portion of the gluteus maximus. 
From a smoother region below this origin of 
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Fic. 4-180. Radiograph of the adult wrist and hand. Note the sesamoid bone in the thumb in relation to the 


metacarpophalangeal joint. 


the gluteus maximus attach fibers of the 
sacrotuberous ligament as well as the iliac 
head of the piriformis muscle. The anterior 
gluteal line is the longest of the three. It be- 
gins at the outer lip of the iliac crest, about 


Pubis -> 





Fig. 4-181. The hip bone of a 14-year-old child viewed 
from the lateral aspect. (From Benninghoff and Goertt- 
ler, 1975.) 


4 cm from its ventral extremity, and taking a 
curved direction downward and backward, 
ends at the greater sciatic notch (Figs. 4-182 
to 4-184). Near the middle of this line a nutri- 
ent foramen is often seen. The space be- 
tween the anterior and posterior gluteal 
lines and the iliac crest is concave, and gives 
origin to the gluteus medius. The inferior 
gluteal line, the least distinct of the three, 
begins anteriorly at the border of the ilium 
somewhat above the anterior inferior iliac 
spine. It curves backward and downward to 
end near the upper part of the greater sciatic 
notch. The surface of bone included be- 
tween the anterior and inferior gluteal lines 
gives origin to the gluteus minimus. Between 
the inferior gluteal line and the upper part of 
the acetabulum is a rough, shallow groove, 
from which the reflected head of the rectus 
femoris muscle arises. 

The sacropelvic surface of the ala is orien- 
ted medially and posteriorly toward the pel- 
vis and sacrum. It is the internal surface, and 
is bounded above by the iliac crest, below by 
the arcuate line, and in front and behind by 
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Fic. 4182. Right hip bone. Lateral or external aspect. 


the anterior and posterior borders of the 
ilium (Fig. 4-183). It presents a large, smooth, 
concave surface, called the iliac fossa, from 
which arises the iliacus muscle and which is 
perforated at its inner part by a nutrient 
canal. Behind the iliac fossa is a rough sur- 
face, divided into two portions, an anterior 
and posterior. The anterior part or auricular 
surface, so-called from its resemblance in 
shape to the ear, is coated with cartilage, and 
articulates with a similar surface on the side 
of the sacrum. The posterior portion, known 
as the iliac tuberosity, is elevated and rough, 
for the attachment of the dorsal sacroiliac 
ligament and for the origins of the erector 


spinae muscle. Anterior and below the au- 
ricular surface is the preauricular sulcus, 
better marked in the female than in the male. 
To this rough groove attach fibers of the ven- 
tral sacroiliac ligament. 

The iliac crest is convex and like an arch 
in its general outline, but it is sinuously 
curved. To it attach the broad, flat muscles of 
the anterior abdominal wall, certain muscles 
of the lower back, and others of the lower 
extremity. The crest is thinner at the center 
than at the extremities, and ends in the ante- 
rior and posterior superior iliac spines. The 
surface of the crest is broad: it is divided into 
external and internal lips, and an intermedi- 
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Fic. 4-183. Right hip bone. Medial or internal aspect. 


ate line. About 5cm dorsal to the anterior 
superior iliac spine there is a prominent tu- 
bercle on the outer lip. To the external lip 
are attached the fascia lata along with the 
tensor fasciae lata muscle, the external 
oblique muscle, and more posteriorly the 
latissimus dorsi muscle. Along the interme- 
diate line arises the internal oblique, while 
to the internal lip attach the transversus ab- 
dominis, quadratus lumborum, and erector 
spinae muscles, the lumbodorsal fascia and 
the iliacus muscle and iliac fascia (Figs. 4- 
182; 4-183). 

The anterior border of the ala is concave. 
It presents two projections, separated by a 


notch. Of these, the more cranial, situated at 
the junction of the crest and ventral border, 
is called the anterior superior iliac spine 
(Fig. 4-184). Its outer border gives attachment 
to the fascia lata and the tensor fasciae latae, 
its inner border to the iliacus; its extremity 
affords attachment to the inguinal ligament 
and the origin of the sartorius. To a notch 
inferior to the spine extends the origin of the 
sartorius, and across this notch passes the 
lateral femoral cutaneous nerve. Below this 
notch is the anterior inferior iliac spine (Fig. 
4-185), which ends near the anterior lip of 
the acetabulum. This lower spine gives at- 
tachment above to the straight tendon of the 
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Fic. 4-185. Roentgenogram of adult pelvis. The upper arrow indicates the line of the sacroiliac joint; the lower arrow 
points to the anterior inferior iliac spine. 


rectus femoris muscle and below to the ilio- 
femoral ligament of the hip joint. Medial to 
the anterior inferior spine is a broad, shal- 
low groove, over which the iliacus and psoas 
major muscles pass. This groove is bounded 
medially by an eminence, the iliopectineal 
eminence (Fig. 4-182), which marks the 
point of union of the ilium and pubis. 

The posterior border of the ala is shorter 
than the anterior and also presents two pro- 
jections, the posterior superior iliac spine 
and the posterior inferior iliac spine, which 
are separated by a notch. The upper spine 
serves for the attachment of the oblique por- 
tion of the dorsal sacroiliac ligaments and 
the multifidus. The lower spine corresponds 
with the dorsal extremity of the auricular 
surface. Inferior to the posterior inferior 
spine is the deeply indented greater sciatic 
notch. 

THE iscHium. The ischium (Figs. 4-182 to 
4-184) forms the inferior and posterior part 
of the hip bone. It is L-shaped, interposed 
between the ilium above and the pubis in 
front, and is divided into a body and a 
ramus. 

The upper portion of the body of the 
ischium enters into and constitutes a little 
more than two-fifths of the acetabulum. Its 
external surface forms part of the lunate sur- 
face of the acetabulum and a portion of the 
acetabular fossa. The internal surface of the 
upper part of the ischial body forms a por- 
tion of the wall of the lesser pelvis, and gives 
origin to some fibers gf the obturator 
internus muscle. From the posterior border 
there extends a thin and pointed triangular 
eminence, the ischial spine, which is more 
or less elongated in different subjects. The 
outer surface of the spine gives attachment 
to the gemellus superior, while to its inner 
surface attach the coccygeus and levator 
ani muscles, and the pelvic fascia. The sac- 
rospinous ligament is attached to the 
pointed extremity of the ischial spine. Supe- 
rior to the spine is a large notch, the greater 
sciatic notch, which becomes converted into 
the greater sciatic foramen by the sacrospi- 
nous ligament. Through this foramen pass a 
number of structures from within the pelvis 
into the gluteal region. It transmits the piri- 
formis muscle, the superior and inferior glu- 
teal vessels and nerves, the sciatic and poste- 
rior femoral cutaneous nerves, the internal 
pudendal vessels, the pudendal nerve, and 
the nerves to the obturator internus and 
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quadratus femoris muscles. Of these, the 
superior gluteal vessels and nerve pass out 
above the piriformis, the other structures 
below it. Also inferior to the spine is a 
smaller notch, the lesser sciatic notch. It is 
smooth, coated with cartilage, and presents 
two or three ridges corresponding to the sub- 
divisions of the tendon of the obtura- 
tor internus, which glides over it. It is con- 
verted into the lesser sciatic foramen by the 
sacro-tuberous and sacrospinous ligaments. 
Through the foramen course the tendon of 
the obturator internus, the nerve that sup- 
plies that muscle, and the internal pudendal 
vessels and pudendal nerve. Having 
emerged from the pelvis through the greater 
sciatic foramen, the internal pudendal ves- 
sels and the pudendal nerve cross over the 
ischial spine and go through the lesser sci- 
atic foramen to enter the perineum between 
the obturator internus muscle and its fascia. 

The lower portion of the body of the 
ischium (formerly called the superior or de- 
scending ramus) projects caudally and dor- 
sally from the acetabulum. It presents three 
surfaces: external, internal, and dorsal. The 
external surface is quadrilateral and, in the 
articulated hip, faces anterolaterally and in- 
feriorly toward the thigh. It is bounded 
above by a groove that lodges the tendon of 
the obturator externus. Below, this surface 
becomes continuous with the ramus of the 
ischium. In front, it is bounded by the poste- 
rior margin of the obturator foramen, while 
behind, a prominent margin separates it 
from the internal or dorsal surface. Anterior 
to this margin the external surface gives ori- 
gin to the quadratus femoris and to some of 
the fibers of origin of the obturator externus. 
The lower part of the surface gives origin to 
part of the adductor magnus. The internal 
surface forms part of the bony wall of the 
lesser pelvis. In front, it is bounded by the 
posterior margin of the obturator foramen. 
Below, it is bounded by a sharp ridge which 
gives attachment to the falciform process of 
the sacrotuberous ligament, and more ante- 
riorly gives origin to the transversus perinei 
and ischiocavernosus. Posteriorly, a large 
swelling, the ischial tuberosity, is divided 
into two portions: a lower, rough, somewhat 
triangular part, and an upper, smooth, quad- 
rilateral portion. The Jower portion is subdi- 
vided by a prominent vertical ridge into two 
parts: the larger, lateral area gives attach- 
ment to the adductor magnus, the medial af- 
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fords attachment to the sacrotuberous liga- 
ment, and supports the body in the sitting 
position. The upper portion allows attach- 
ment of the hamstring muscles. An oblique 
ridge subdivides this portion into a proximal 
area, from which the semimembranosus 
arises, and a distal area for the head of the 
biceps femoris and the semitendinosus. 

The ramus of the ischium is the thin, flat- 
tened part of the ischium, which ascends 
from the lower part of the body and joins the 
inferior ramus of the pubis, the junction 
being indicated in the adult by a raised line. 
The combined rami are sometimes called the 
ischiopubic ramus. The ischial ramus pre- 
sents an external (anterior) surface oriented 
anteroinferiorly toward the thigh, and an in- 
ternal (posterior) surface oriented postero- 
superiorly toward the perineum and pelvis. 
The external surface is uneven, and gives 
origin to the obturator externus and some of 
the fibers of the adductor magnus, while 
the internal surface forms part of the ante- 
rior wall of the pelvis. The medial border of 
the ischial ramus is thick, rough, slightly 
everted, and, together with the medial bor- 
der of the opposite ischium, forms the bony 
rim of the inferior outlet of the pelvis. The 
border presents an outer and an inner ridge 
along with an intervening space. The ridges 
are continuous with similar ones along the 
inferior ramus of the pubis. To the outer 
ridge is attached the deep layer of the super- 
ficial perineal fascia (fascia of Colles), and to 
the inner ridge, the inferior fascia of the uro- 
genital diaphragm. If the ridges are traced 
downward, they are found to join with each 
other just dorsal to the origin of the transver- 
sus perinei profundus muscle. The transver- 
sus perinei is attached to the intervening 
space, and ventral to this, a portion of the 
crus penis or crus clitoris and the ischiocav- 
ernosus muscles are attached. The lateral 
border of the ischial ramus is thin and sharp, 
and forms part of the medial margin of the 
obturator foramen. 

THE pustIs. The pubis forms the anterior 
part of the hip bone. It articulates with the 
opposite pubis to form the symphysis pubis. 
[t is divisible into a body, a superior ramus, 
and an inferior ramus (Fig. 4-182). 

The body of the pubis forms one-fifth of 
the acetabulum, contributing by its external 
surface both to the lunate surface and the 
acetabular fossa. Its internal surface enters 
into the formation of the wall of the lesser 


pelvis and gives origin to a portion of the 
obturator internus. 

The superior ramus extends inferomedially 
from the body to the median plane, where it 
articulates with the superior ramus of the 
opposite side. It is conveniently described in 
two portions, a flat, medial portion and a 
narrow, prismoid lateral portion. 

The medial portion of the superior ramus 
is somewhat quadrilateral and presents for 
examination two surfaces—medial and lat- 
eral—and three borders—superior, medial, 
and lateral. The external surface is rough 
and directed inferolaterally, and serves for 
the origin of certain muscles. The adductor 
longus muscle arises from the upper and 
medial angle immediately below the crest. 
More inferiorly, the obturator externus and 
the adductor brevis muscles, and the proxi- 
mal part of the gracilis take origin. The inter- 
nal surface is smooth and forms part of the 
anterior wall of the pelvis. It gives origin to 
the levator ani and obturator internus mus- 
cles, and gives attachment to the pubopro- 
static ligaments and to a few muscular fibers 
prolonged from the bladder. The superior 
border presents a prominent elevation, the 
pubic tubercle, which projects ventrally. To 
it are attached the inferior crus of the super- 
ficial inguinal ring and the inguinal liga- 
ment. Passing laterally from the pubic tuber- 
cle is a well-defined ridge forming a part of 
the pecten pubis (or pectineal line), which 
marks the brim of the lesser pelvis. To it are 
attached a portion of the inguinal falx (the 
conjoined tendon of the internal oblique and 
transversus muscles), the lacunar ligament, 
and the reflected inguinal ligament. Medial 
to the pubic tubercle is the pubic crest, 
which extends to the medial end of the bone. 
It affords attachment to the inguinal falx, 
and to the rectus abdominis and pyramidalis 
muscles. To the point of junction of the 
pubic crest with the medial border of the 
bone, as well as to the symphysis pubis, is 
attached the superior crus of the superficial 
inguinal ring. The medial border of the supe- 
rior ramus is articular, participating in the 
formation of the symphysis pubis. It is oval, 
and marked by eight or nine transverse 
ridges, separated by grooves which serve for 
the attachment of a thin layer of cartilage. 
The cartilage intervenes between the bone 
and the interpubic fibrocartilaginous lamina 
or disc. The lateral border presents a sharp 
margin, the obturator crest, which forms 


part of the circumference of the obturator 
foramen and affords attachment to the obtu- 
rator membrane. 

The lateral portion of the superior ramus 
presents three surfaces, superior, inferior, 
and dorsal. Along the superior surface is 
found the iliopectineal line, a continuation 
of the pecten pubis, or pectineal line, which 
commences at the pubic tubercle. Ventral to 
this line, the surface of the bone is triangular 
in shape, and wider laterally than medially. 
It is covered by the pectineus muscle. The 
superior surface is bounded laterally by the 
iliopectineal eminence, which indicates the 
point of junction of the ilium and pubis, and 
by a prominent ridge which extends from 
the acetabular notch to the pubic tubercle. 
The inferior surface forms the superior 
boundary of the obturator foramen. Later- 
ally, it presents an oblique groove for the 
passage of the obturator vessels and nerve. 
Medially, a sharp margin, the obturator 
crest, forms part of the circumference of the 
obturator foramen and gives attachment to 
the obturator membrane. The dorsal surface 
is intrapelvic in its orientation. It constitutes 
part of the ventral boundary of the lesser 
pelvis, and along this surface arise some 
fibers of the obturator internus muscle. 

The inferior ramus of the pubis is thin and 
flattened (Fig. 4-182). It passes laterally and 
inferiorly from the medial end of the supe- 
rior ramus. Becoming narrower as it de- 
scends, the inferior ramus of the pubis joins 
with the ramus of the ischium along the 
obturator foramen. It has two surfaces, ex- 
ternal and internal, and two borders, medial 
and lateral. The external surface is rough, 
for the origin of muscles—the gracilis along 
its medial border, a portion of the obturator 
externus where the inferior ramus enters 
into the formation of the obturator foramen, 
and between these two, the adductors brevis 
and magnus, the former being the more me- 
dial. The internal surface is smooth, and 
gives origin to the obturator internus and, 
close to the medial margin, the sphincter 
urethrae muscles. The medial border is 
thick, rough, and everted, especially in fe- 
males. It presents two ridges, separated by 
an intervening space. The ridges extend 
downward and are continuous with similar 
ridges on the ramus of the ischium. To the 
more external of the two ridges is attached 
the superficial perineal fascia (Colles’ fascia), 
and to the internal ridge the inferior fascia of 
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the urogenital diaphragm. The lateral border 
is thin and sharp, forms part of the circum- 
ference of the obturator foramen, and gives 
attachment to the obturator membrane. 

The acetabulum (Figs. 4-182; 4-184) is a 
deep, cup-shaped, hemispherical cavity lo- 
cated on the lateral aspect of the hip bone, 
near its center. It is oriented laterally and 
anteroinferiorly and is formed superiorly by 
the ilium, inferolaterally by the ischium, and 
anterosuperiorly by the pubis. A little less 
than two-fifths of the acetabulum is contrib- 
uted by the ilium, a little more than two- 
fifths by the ischium, and the remaining 
one-fifth by the pubis. It is bounded by a 
prominent uneven rim, which is thick and 
strong superiorly, and serves for the attach- 
ment of the acetabular labrum, which con- 
tracts the orifice and deepens the surface for 
articulation. The acetabulum is deficient in- 
feriorly and presents a deep indentation, the 
acetabular notch (Fig. 4-184), which is con- 
tinuous with a circular nonarticular depres- 
sion, the acetabular fossa, at the bottom of 
the hemispherical cavity. The acetabular 
fossa is perforated by numerous apertures 
and lodges a mass of fat. The acetabular 
notch is converted into a foramen by the 
transverse acetabular ligament whose fibers 
blend inseparably with the acetabular la- 
brum. The nutrient vessels and nerves tra- 
verse the foramen to enter the joint. The 
margins of the acetabular notch serve for the 
attachment of the ligament of the head of the 
femur. The rest of the acetabulum is formed 
by acurved articular surface, the lunate sur- 
face, for articulation with the head of the 
femur. 

The obturator foramen (Figs. 4-182 to 4- 
184) is a large, rounded aperture, situated 
below the acetabulum and between the 
ischium and pubis. It is limited above by the 
obturator groove of the superior pubic 
ramus, below by the ischial ramus, medially 
by the inferior ramus and body of the pubis, 
and laterally by the body of the ischium. 
The obturator foramen is large and oval in 
the male and somewhat smaller and more 
triangular in the female. Covering the fora- 
men and attached to its uneven margin is the 
fibrous obturator membrane. The membrane 
completely covers the obturator foramen 
except superiorly where a deep groove, 
called the obturator groove, allows a com- 
munication between the pelvis and the 
thigh. This communication is converted into 


2 Fi O YIEULULY) 


a canal by a specialized part of the obturator 
membrane, which takes the form of a liga- 
mentous band and attaches to two tubercles. 
One is the posterior obturator tubercle, on 
the medial border of the ischium, just ante- 
rior to the acetabular notch, while the other 
is the anterior obturator tubercle, on the ob- 
turator crest of the superior ramus of the 
pubis. Through the canal the obturator ves- 
sels and nerve pass out of the pelvis and into 
the thigh. 


STRUCTURE. The thicker parts of the hip bone 
consist of cancellous bone, enclosed between two 
layers of compact bone. The thinner parts, such as 
those at the bottom of the acetabulum and at the 
center of the tliac fossa, are usually translucent and 
composed entirely of compact bone. 

OSSIFICATION (Fig. 4-186). The hip bone is ossi- 
fied from three primary centers, one each for the 
lium, ischium, and pubis. The centers appear in the 
following order: in the /ower part of the ilium, imme- 
diately above the greater sciatic notch, about the 
eighth or ninth week of fetal life; in the /ower portion 
of the body of the ischium, about the third month: in 
the superior ramus of the pubis, between the fourth 
and fifth months. Additionally, five secondary cen- 
ters appear: at the crest of the ilium, the anterior 
inferior spine, the ischial tuberosity, the symphysis 
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Fig. 4-186. plan of ossification of the hip bone. The 
three primary centers unite through a Y-shaped piece 
about puberty. Epiphyses appear about puberty, and 
unite about the twenty-fifth year. 


pubis, and the Y-shaped strip in the floor of the ace- 
tabulum, called the triradiate cartilage. At birth, 
the three primary centers are quite separate, the 
crest, the bottom of the acetabulum, the ischial tu- 
berosity, the ramus of the ischium, and the inferior 
ramus of the pubis being still cartilaginous. In a 31/- 
year-old child the ramus of the ischium and the infe- 
rior ramus of the pubis are still connected by carti- 
lage (Fig. 4-187), but by the seventh or eighth year 
they become almost completely united by bone. 
About the thirteenth or fourteenth year, the three 
primary centers have extended their growth into the 
bottom of the acetabulum, and are there separated 
from each other by the Y-shaped triradiate cartilage, 
which now presents traces of ossification, often by 
two or more centers. One of these, the os acetabuli, 
appears about the age of twelve, between the ilium 
and pubis, and fuses with them about the age of 
eighteen. it forms the pubic part of the acetabulum. 
The tlium and ischium then become joined, and 
lastly the pubis and ischium, through the interven- 
tion of the triradiate portion. At about the age of 
puberty, ossification takes place in each of the re- 
maining portions, and they join with the rest of the 
bone between the twentieth and twenty-fifth years. 
Separate centers are frequently found for the pubic 
tubercle and the ischial spine, and for the pubic 
crest. 

ARTICULATIONS. The hip bone articulates with its 
fellow of the opposite side, and with the sacrum and 
femur. 


BONY PELVIS 


The term pelvis, which means a basin, is 
used here to define the skeletal structure in- 
terposed between the movable part of the 
vertebral column, which it supports, and the 
lower limbs, upon which it rests. Thus, the 
principal functions of the bony pelvis are to 
afford attachment of the large musculature 
of the trunk and lower limbs, to protect the 
pelvic viscera, and to withstand the pres- 
sures and yet allow the functions of urina- 
tion, defecation, and parturition. The pelvis 
is stronger and more massively constructed 
than the wall of the cranial or thoracic cavi- 
ties, and is composed of four bones: the two 
hip bones laterally and ventrally and the 
sacrum and coccyx dorsally (Figs. 4-188 to 
4-192). 

The pelvis is divided into the greater and 
the lesser pelvis by an oblique plane passing 
through the promontory of the sacrum pos- 
teriorly, the arcuate line of the ilium, pecten 
pubis (iliopectineal line), and the superior 
margin of the symphysis pubis. The circum- 
ference of this plane is termed the linea ter- 
minalis or pelvic brim. 
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Fic. 4-187. Pelvis of a child aged 3¥, years. The epiphysis for the head of the femur is well formed, but the center for 
the greater trochanter has not yet appeared. The rami of the pubis and ischium are still connected by cartilage and the 


triradiate cartilage in the acetabulum is wide. 


The greater or false pelvis is the expanded 
portion of the cavity situated above and ven- 
tral to the pelvic brim. It is bounded on each 
side by the ala of the ilium. Ventrally it is 
incomplete, presenting between the anterior 
borders of the ilia a wide interval, which is 
occupied in the intact body by the anterior 
wall of the abdomen. Posteriorly there is a 
deep notch between the ilium and the base 
of the sacrum on each side. 

The lesser or true pelvis is that part of the 
pelvic cavity which is situated below the 
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pelvic brim. The lesser pelvis is continuous 
with the greater pelvis, but its bony walls are 
more complete. The cavity of the lesser pel- 
vis is of extreme importance in obstetrics, 
and measurements of its diameters are of 
clinical significance. The inlet to the cavity 
of the lesser pelvis is bounded by the supe- 
rior circumference, and its outlet bounded 
below by the inferior circumference. 

The superior circumference is formed by 
the brim of the pelvis, the enclosed area 
being called the superior aperture or inlet 


Fic. 4-188. Diameters of superior aperture of lesser pelvis (female). A, Anteroposterior or conjugate diameter. B, 


Oblique diameter. C, Transverse diameter. 
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Fic. 4-189. Diameters of inferior aperture of lesser pelvis (female). A, Transverse diameters. B, Anteroposterior 


diameter. 


(Fig. 4-188). It is formed laterally by the arcu- 
ate line and pecten pubis, anteriorly by the 
crests of the pubes, and posteriorly by the 
anterior margin of the base of the sacrum 
and sacrovertebral angle. The superior aper- 
ture is rounded or oval and somewhat 
heart-shaped. It is obtusely pointed anteri- 
orly, diverges on each side, and is en- 
croached upon dorsally by the projection of 
the promontory of the sacrum. It has three 
principal diameters: anteroposterior, trans- 
verse, and oblique (Fig. 4-188). The antero- 
posterior or conjugate diameter extends 
from the sacrovertebral angle or promontory 
to the upper border of the symphysis pubis. 
Its average measurement is about 11cm in 
the female and 10 cm in the male. The trans- 
verse diameter extends across the greatest 
width of the superior aperture, from the 
middle of the brim or iliopectineal line on 
one side to the same point on the opposite. 
Its average measurement is about 13.5 cm in 
the female and 12.5cm in the male. The 
oblique diameter extends from the sacroiliac 
joint of one side directly across to the dia- 
metrically opposite site on the pelvic brim of 
the other side (iliopectineal eminence). Its 
average measurement is about 12.5 cm in the 
female and 12.0 cm in the male. 

The cavity of the lesser pelvis (Fig. 4-172) 
is bounded anteriorly and below by the 
pubic symphysis and the body and rami of 
the pubes, posteriorly by the pelvic surfaces 
of the sacrum and coccyx, and laterally by a 
broad, smooth, quadrangular area of bone, 
on the inner surfaces of the bodies of the 


ischium and ilium. The cavity of the lesser 
pelvis is short and curved, being considera- 
bly deeper on its posterior than on its ante- 
rior wall. In the intact body, it contains the 
pelvic colon, rectum, bladder, and certain 
reproductive organs. The rectum courses 
along the dorsum of the pelvis in the curve 
of the sacrum and coccyx, while the bladder 
lies against the dorsal surface of the pubic 
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Fig. 4-190. A median sagittal diagram of the female 
pelvis showing that the plane of the pelvic inlet forms an 
angle of 50 to 60 degrees with the horizontal plane, while 
the plane of the outlet forms an angle of 15 degrees. Ob- 
serve the curvature of the pelvic axis between the planes 
of inlet and outlet. 


Fic. 4-191. 


symphysis. In the female the uterus and va- 
gina occupy the interval between these vis- 
cera. 

The inferior circumference of the pelvis is 
more irregular than the superior circumfer- 
ence. The outlet enclosed by its perimeter is 
named the inferior aperture (Fig. 4-189). It is 
bounded dorsally by the sacrum and coccyx, 
and laterally by the ischial tuberosities. 
These bony landmarks are separated by 
three notches, one of which, the pubic arch, 
lies anterior to the tuberosities and is formed 
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Male pelvis. Anterior aspect. 


by the convergence of the inferior rami of 
the pubes. Two dorsal notches, one on each 
side, extend deeply between the sacrum and 
the ischium. They are called the sciatic 
notches. In the intact body each sciatic 
notch is converted into the greater and lesser 
sciatic foramina by the sacrotuberous and 
sacrospinous ligaments. With the ligaments 
in position, the inferior aperture of the pel- 
vis is nearly diamond-shaped, bounded an- 
teriorly by the pubic arcuate ligament and 
the inferior rami of the pubes, laterally by 
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Fig. 4-192. Female pelvis. Anterior aspect. 
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the ischial tuberosities, and dorsally by the 
sacrotuberous ligaments and the tip of the 
POUG ws 

The two diameters of the outlet of the pel- 
vis are anteroposterior and transverse. The 
anteroposterior diameter extends from the 
tip of the coccyx to the inferior edge of the 
symphysis pubis at the midline anteriorly. 
Its measurement varies between 9 and 
11.5 cm in the female (in comparison to 10.5 
to 11cm in the male) because of the varying 
length of the coccyx. Additionally, its length 
may be increased or diminished by the mo- 
bility of that bone. The transverse diameter, 
measured between the dorsal parts of the 
ischial tuberosities, is about 11cm in the 
female and 9cm in the male. 

PELVIC AXIS. The pelvic axis is an imag- 
inary curved line passing through the lesser 
pelvis at right angles to the plane of the su- 
perior aperture and inferior aperture at their 
centers, and all the planes between them 
(Fig. 4-190). A line at right angles to the plane 
of the superior aperture at its center would. 
if prolonged, pass through the umbilicus and 
the middle of the coccyx and is therefore 
directed downward and backward. The axis 
of the inferior aperture, if prolonged, would 
touch the promontory of the sacrum. Thus. 
the axis of the pelvic cavity between the 
superior and inferior apertures is curved like 
the cavity itself, corresponding to the con- 
cavity of the sacrum and coccyx. An appre- 
ciation of the direction of these axes is espe- 
cially relevant to an understanding of the 
course of the fetus in its passage through the 
pelvis during parturition. 

POSITION OF THE PELVIS. In the standing 
position, the pelvis is so tilted forward that 
the plane of the superior aperture forms an 
angle of 50 to 60 degrees with the horizontal 
plane, and that of the inferior aperture an 
angle of about 15 degrees (Fig. 4-190). This 
inclination of the pelvis causes the pelvic 
surfaces of the symphysis pubis to be di- 
rected superiorly and posteriorly, while the 
concavity of the sacrum and coccyx is orien- 
ted inferiorly and anteriorly. The position of 
the pelvis in the erect posture may be indi- 
cated by holding it so that the anterior supe- 
rior iliac spines and the top of the symphysis 
pubis are in the same plane. 

DIFFERENCES BETWEEN THE MALE AND FE- 
MALE PELVIS. The morphological differences 
encountered between the male and female 
pelvis reflect differences in function. The 


reproductive function in the female and the 
more muscular nature of the male become to 
some extent manifested in pelvic anatomy. 
The female pelvis (Fig. 4-192) when com- 
pared with that of the male (Fig. 4-191) is 
more delicate in its bone structure. Because 
the female pelvis is less massive, its overall 
size and dimensions are smaller, and its 
muscular impressions are less marked. The 
curvature of the ilia is more pronounced in 
the male in such a manner that its angle of 
approach to the pubis is more acute and less 
rounded. Thus, in the female the anterior 
iliac spines are more widely separated, caus- 
ing the greater lateral prominence of the 
hips. The superior aperture of the lesser pel- 
vis in the female is larger than in the male. It 
is also more nearly circular, and its obliquity 
is greater. In the female, the true pelvic cav- 
ity is shallower and wider; the sacrum is 
shorter, wider, and less curved; the obtura- 
tor foramina are more triangular in shape 
and smaller in size; the inferior aperture is 
larger and the coccyx more movable; the sci- 
atic notches are wider and shallower; the 
ischial spines project less; the acetabula are 
smaller and face more ventrally; the ischial 
tuberosities and the acetabula are wider a- 
part, and the former are more everted: the 
pubic symphysis is less deep, and the pubic 
arch is wider and more rounded, and its 
angle less acute (Figs. 4-191; 4-192). 

The size of the pelvis varies not only in 
the two sexes, but also in different members 
of the same sex. Pelvic size does not appear 
to be influenced by an individual’s height. 
although women of short stature, as a rule, 
have broad pelves. Occasionally the pelvis is 
equally contracted in all its dimensions, so 
that all its diameters measure 1.25cm less 
than average, even in otherwise well-formed 
women of average height. The principal di- 
vergences. however, are found in the shape 
of the superior aperture, affecting the rela- 
tionship between the anteroposterior and 
transverse diameters. Thus the superior ap- 
erture may be elliptical in either a transverse 
or an anteroposterior direction. In the for- 
mer, the transverse diameter, and in the 
latter, the anteroposterior diameter greatly 
exceed the other diameters. In other in- 
stances the superior aperture is almost cir- 
cular. 

In the fetus, and for several years after 
birth, the pelvis is smaller in proportion to 
the body than it is in the adult, and the pro- 


jection of the sacrovertebral angle less 
marked. The characteristic differences be- 
tween the male and female pelvis are dis- 
tinctly indicated as early as the fourth 
month of fetal life, especially in the nature 
of the pubic arch and subpubic angle. 


THE FEMUR 


The femur or thigh bone is the longest and 
strongest bone in the skeleton, and is almost 
perfectly cylindrical in the greater part of its 
extent. Each femur articulates proximally 
with the hip bone at the acetabulum, and 
distally with the tibia at the knee joint. Thus, 
in the erect posture the two femora are more 
widely separated above than at the knees, 
and by inclining gradually in an oblique 
manner inferomedially, they bring the knee 
joint near the line of gravity of the body. The 
degree of this inclination varies somewhat, 
and is greater in the female than in the male 
because of the greater breadth of the pelvis. 
The femora transmit the weight of the trunk 
to the tibias, and they are so covered with 
muscles that only their upper and lower 
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ends are palpable. Similar to other long 
bones, the femur presents two extremities 
separated by a body or shaft. 

PROXIMAL EXTREMITY. ‘The proximal ex- 
tremity (Fig. 4-193) consists of a head, a neck, 
and a greater and a lesser trochanter. 

The head of the femur is globular, forming 
rather more than half a sphere. Its surface is 
smooth and coated with hyaline cartilage, 
except over an ovoid depression or pit near 
its center, the fovea of the head of the femur, 
where the ligament of the head of the femur 
is attached. 

The neck of the femur is a pyramidal 
process of bone connecting the femoral 
head with the body, set at an angle of about 
125 degrees in the adult. The angle is wider 
in infancy, and becomes lessened during 
growth. By puberty the neck forms a gentle 
curve from the axis of the body of the bone. 
Variation in the angular shape of the proxi- 
mal extremity is observed to be dependent 
on the development of the pelvis and on stat- 
ure. Because of the increased width of the 
pelvis in the female, the neck of the femur 
forms a less obtuse angle (about 110 to 115 
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Fic. 4-193. The proximal extremity of right femur. Posterior superior aspect. 
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degrees) with the shaft than it does in the 
male. The angle varies considerably in per- 
sons of different height. In the long-legged 
male the femoral shaft is more vertical and 
the femoral neck is more in line (about 140 
degrees). In addition to projecting superiorly 
and medially, the femoral neck also projects 
somewhat anteriorly from the body of the 
femur. The amount of this projection is quite 
variable, but averages 12 to 14 degrees. 

The neck is flattened anteroposteriorly, 
constricted in the middle, and broader later- 
ally than medially. The vertical diameter of 
the lateral half is increased by the obliquity 
of the lower edge, which slopes to join the 
body at the level of the lesser trochanter. 
The medial half is smaller and more cylin- 
drically shaped. The anterior surface of the 
neck is perforated by numerous vascular 
foramina. Along the line of junction of the 
anterior surface with the head is a shallow 
groove, best marked in elderly subjects, 
which lodges the orbicular or circular fibers 
of the capsule of the hip joint. The posterior 
surface is smooth, and it is broader and more 
concave than the anterior. The posterior part 
of the capsule of the hip joint is attached to 
the femoral neck about 1 cm above the inter- 
trochanteric crest. The superior border is 
short and thick. It ends laterally at the 
greater trochanter, and its surface is perfo- 
rated by large foramina. The inferior border 
is long and more narrow and it curves down- 
ward, ending at the lesser trochanter. 

The greater trochanter (Figs. 4-193 to 4- 
197) is a large, irregular, quadrilateral pro- 
jection surmounting the junction between 
the neck and the shaft. It has two surfaces 
and four borders. The lateral surface is 
broad, rough, convex, and marked by a diag- 
onal impression for the insertion of the ten- 
don of the gluteus medius muscle. Above 
this impression is a triangular surface which 
sometimes is rough for part of the gluteus 
medius tendon, and at other times smooth 
for the interposition of a bursa between the 
tendon and the bone. Below the diagonal 
impression is a smooth triangular surface, 
over which the gluteus maximus muscle 
glides. a bursa being interposed. The medial 
surface of the greater trochanter is less ex- 
tensive than the lateral surface. At its base is 
found a deep depression, the trochanteric 
fossa, where the obturator externus inserts, 
and anterior to this an impression for the 
insertion of the obturator internus and the 
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Fic. 4-194. The left femur viewed from the anterior 
aspect. (From Benninghoff and Goerttler, 1975.) 


gemelli muscles. The superior border is 
thick and irregular, and marked near the 
center by an impression for the insertion of 
the piriformis. The inferior border corre- 
sponds to the line of junction of the base of 
the trochanter with the lateral surface of the 
shaft. It is marked by a rough, prominent, 
slightly curved ridge, which gives origin to 
the proximal part of the vastus lateralis. The 
anterior border is prominent and somewhat 
irregular, and affords insertion at its lateral 
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Fig. 4-195. The left femur viewed from the posterior 
aspect. (From Benninghoff and Goerttler, 1975.) 


part to the gluteus minimus. The posterior 
border is very prominent and appears as a 
free, rounded edge which bounds the tro- 
chanteric fossa. 

The lesser trochanter (Figs. 4-193 to 4-197) 
is a conical eminence which projects medi- 
ally and posteriorly from the base of the 
neck. Three well-marked borders extend 
from its apex. The medial is continuous with 
the lower border of the neck, the lateral with 
the intertrochanteric crest, the inferior with 
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the middle division of the linea aspera. The 
summit of the trochanter is roughened for 
the insertion of the tendon of the psoas 
major. More inferiorly, the iliacus muscle 
inserts along the junction of the lesser tro- 
chanter with the femoral shaft. 

The intertrochanteric line (Figs. 4-194; 4- 
196) courses obliquely from the greater tro- 
chanter to the lesser on the anterior surface 
of the proximal extremity. This ridge com- 
mences with a tubercle of variable size at 
the junction of the greater trochanter and 
the distal part of the neck of the femur. The 
intertrochanteric line, forming the junction 
of the neck with the femoral shaft on the an- 
terior surface, winds beyond the lesser tro- 
chanter and ends about 5 cm below this emi- 
nence in the linea aspera. Its proximal half is 
rough and affords attachment to the iliofem- 
oral ligament, while its lower half, which is 
less prominent, gives origin to the proximal 
part of the vastus medialis. 

The intertrochanteric crest (Figs. 4-195; 
4-197) is a prominent ridge along the poste- 
rior surface of the proximal extremity ex- 
tending in an oblique curve from the summit ° 
of the greater trochanter to the lesser. It 
marks the junction between the neck and the 
shaft posteriorly. Slightly above its middle is 
an elevation called the quadrate tubercle, 
which receives the insertion of the quadra- 
tus femoris and a few fibers of origin of the 
adductor magnus. 

BODY OR SHAFT. The body or shaft is al- 
most cylindrical, but a little broader proxi- 
mally than in the center and broadest and 
somewhat flattened distally (Figs. 4-194 to 
4-197). It is slightly arched, convex anteri- 
orly and concave posteriorly, where it is 
strengthened by a prominent longitudinal 
ridge, the linea aspera. It has three bor- 
ders—posterior, lateral, and medial, and 
four surfaces—popliteal. anterior, lateral, 
and medial. 

The linea aspera (Fig. 4-195), which forms 
the prominent posterior border of the shaft, 
projects as an elevated longitudinal ridge or 
crest along the posterior aspect of the middle 
third of the bone. This crest consists of a me- 
dial and a lateral lip, and a narrow, rough, 
intervening band. The linea aspera is pro- 
longed proximally by three ridges. The lat- 
eral ridge is very rough and courses almost 
vertically upward to the base of the greater 
trochanter. It is termed the gluteal tuberos- 
ity, and gives attachment to the gluteus max- 
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imus. The proximal part of the gluteal tuber- 
osity is often elongated into a rough crest, on 
which a more or less well-marked, rounded 
tubercle, the third trochanter, is occasionally 
developed. The intermediate ridge or pectin- 
eal line is continued to the base of the lesser 
trochanter and gives attachment to the pec- 
tineus muscle. The medial ridge winds ante- 
riorly to the intertrochanteric line distal to 
the area where the iliacus muscle is inserted. 
The linea aspera is prolonged distally into 
two ridges, enclosing between them a trian- 
gular area, the popliteal surface, which 
forms the floor of the upper part of the pop- 
liteal fossa. Of the two descending ridges, 
the lateral ridge is more prominent, extend- 
ing to the summit of the lateral condyle. The 
medial ridge is less marked, especially at its 
proximal part, where it is crossed by the 
femoral artery. This ridge ends distally at the 
summit of the medial condyle as the adduc- 
tor tubercle, which receives the insertion of 
the tendon of the adductor magnus muscle. 

The mediai lip of the linea aspera and its 
prolongations proximally and distally give 
origin to the vastus medialis, while from the 
lateral lip and its proximal prolongation 
arises the vastus lateralis (Fig. 4-197). The 
adductor magnus is inserted into the linea 
aspera, and into its lateral prolongation 
proximally, and its medial prolongation dis- 
tally. Between the vastus lateralis and the 
adductor magnus, two muscles are attached, 
the gluteus maximus above, and the short 
head of the biceps femoris below. Between 
the adductor magnus and the vastus medi- 
alis four muscles are inserted: the iliacus and 
pectineus proximally, and the adductor 
brevis and adductor longus distally. The 
linea aspera is perforated a little below its 
center by the nutrient canal, which is di- 
rected obliquely upward. 

The other two borders of the femur are 
only slightly marked. The lateral border ex- 
tends from the anteroinferior angle of the 
greater trochanter to the anterior extremity 
of the lateral condyle, and the medial border 
stretches from the intertrochanteric line, at a 
point opposite the lesser trochanter, to the 
anterior extremity of the medial condyle. 

The anterior surface, which lies between 
the lateral and medial borders, is smooth, 
rounded, and convex. The vastus interme- 
dius arises from the upper three-quarters of 
the anterior surface. The lower one-quarter 
of the bony surface is separated from the 
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muscle by the intervention of the synovial 
membrane from the knee joint and by the 
suprapatellar bursa. Above the bursa arises 
the articularis genu muscle. The lateral sur- 
face extends between the lateral border and 
the linea aspera and is continuous with the 
corresponding surface of the greater tro- 
chanter proximally, and with that of the lat- 
eral condyle distally. The vastus intermedius 
takes origin from its proximal three-fourths. 
The medial surface is smooth like the ante- 
rior and lateral surfaces, and stretches be- 
tween the medial border and the linea as- 
pera. This surface is continuous with the 
distal border of the neck proximally, and 
with the medial side of the medial condyle 
distally. No muscles attach to the medial sur- 
face, but it is covered by the vastus medialis. 

DISTAL EXTREMITY. The distal extremity of 
the femur (Figs. 4-194 to 4-198) is greatly ex- 
panded in all directions to form two promi- 
nences, the medial and lateral condyles, 
which are joined together anteriorly but sep- 
arated posteriorly by the intercondylar fossa 
or notch (Fig. 4-198). The distal surface is 
coated with hyaline cartilage for articulation 
with the tibia. The articular surface of the 
lateral condyle is longer and narrower than 
that of the medial condyle. Both condyles 
are nearly flat anteroposteriorly, but greatly 
curved on their posterior surface. 

The medial condyle diverges more from 
the anteroposterior plane and projects some- 
what farther distally than the lateral con- 
dyle when the femoral shaft is held perpen- 
dicularly. When, however, the femur is in its 
natural oblique position, the two condyles 
lie practically in the same horizontal plane. 
At the junction of the articular surfaces of 
the two condyles anteriorly, there is a shal- 
low depression, the patellar surface. Be- 
tween the condyles posteriorly is a deep 
notch, the intercondylar fossa. The walls of 
the fossa are rough and concave, and the 
fossa is limited proximally by the intercon- 
dylar line and distally by the margin of the 
patellar surface. The posterior cruciate liga- 
ment of the knee joint is attached to the ante- 
rior part of the lateral surface of the medial 
condyle, which forms the medial wall of the 
fossa. This ligament also extends to the floor 
of the fossa. The anterior cruciate ligament 
is attached to an impression on the proximal 
and posterior part of the lateral wall of the 
fossa, formed by the medial surface of the 
lateral condyle. 
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Fic. 4-198. Lower extremity of right femur viewed from below. 


The epicondyles are two roughened con- 
vex prominences which surmount the con- 
dyles proximally. The medial epicondyle re- 
ceives the attachment of the tibial collateral 
ligament of the knee joint. At the upper part 
of the medial epicondyle is the adductor 
tubercle (Figs. 4-196; 4-197) for the insertion 
of the adductor magnus, and posterior to 
this, the medial head of the gastrocnemius 
takes origin. The lateral epicondyle, smaller 
and less prominent than the medial, gives 
attachment to the fibular collateral ligament 
of the knee joint. Directly below the lateral 
epicondyle is a small depression from which 
a smooth well-marked groove curves up- 
ward and backward to the posterior extrem- 
ity of the condyle. This groove is separated 
from the articular surface of the condyle by 
a prominent lip across which a second, shal- 
lower groove runs vertically from the de- 
pression. In the intact body these grooves 
are covered with cartilage. The popliteus 
muscle arises from the depression, and its 
tendon lies in the oblique groove when the 
knee is flexed and in the vertical groove 
when the knee is extended. Above and pos- 
terior to the lateral epicondyle is an area for 
the origin of the lateral head of the gastro- 
cnemius, and above this arises the plantaris 
muscle. 

The articular surface of the distal end of 
the femur occupies the anterior, distal, and 
posterior surfaces of the condyles. Its ante- 
rior part, the patellar surface, articulates 
with the patella. This surface presents a 
median groove which extends toward the 
intercondylar fossa, and two convexities, the 
lateral of which is broader, more prominent, 
and extends farther proximally than the 
medial. The distal and more posterior parts 


of the articular surface constitute the tibial 
surfaces for articulation with the corre- 
sponding condyles of the tibia and menisci. 
These surfaces are separated from the patel- 
lar surface by faint grooves which extend 
obliquely across the condyles (Fig. 4-198). 
The lateral groove is the better marked and 
can be seen coursing laterally and anteriorly 
from the intercondylar fossa, and expanding 
to form a triangular depression. When the 
knee joint is fully extended, the triangular 
depression rests upon the anterior portion of 
the lateral meniscus. The medial part of the 
lateral groove comes into contact with the 
medial margin of the lateral articular surface 
of the tibia, anterior to the lateral tubercle of 
the tibial intercondylar eminence. The me- 
dial groove is less distinct than the lateral. It 
does not reach as far as the intercondylar 
fossa, and therefore exists only on the me- 
dial part of the condyle. It receives the ante- 
rior edge of the medial meniscus when the 
knee joint is extended. Where the medial 
groove ceases laterally is seen a semilunar 
area which is a posterior continuation of the 
patellar surface close to the anterior part of 
the intercondylar fossa (Fig. 4-198). This 
semilunar area articulates with the medial 
vertical facet of the patella in forced flexion 
of the knee joint. The tibial surfaces of the 
condyles are convex both from side to side 
and anteroposteriorly. The anteroposterior 
length of the tibial surface of the medial con- 
dyle is slightly greater than that of the lateral 
condyle. 


ARCHITECTURE. The femur obeys the mechanical 
laws that govern other elastic bodies under stress 
(Koch, 1917). Computations have been made of the 
stress sustained internally in different parts of the 


femur relative to the load placed on the femoral 
head. It has been found that the internal structure of 
the different portions of the femur is in very close 
agreement with the theoretical relations that should 
exist between stress and structure for maximum 
economy and efficiency (Figs. 4-199; 4-200). 

The spongy bone at the proximal end of the femur 
iS Composed of two distinct systems of trabeculae 
arranged in curved paths. One system, called the 
compressive system, has its origin on the medial 
side of the shaft, and its trabeculae curve upward in 
a fan-like radiation to the opposite side of the bone. 
The other, called the tensile system, having origin 
on the lateral portion of the shaft, arches upward 
and medially to end in the upper surface of the 
greater trochanter, neck, and head. The trabeculae 
of these two systems intersect each other at right 
angles. The trabeculae of the compressive and ten- 
sile systems lie exactly in the paths of the maximum 
tensile and compressive stresses exerted on the 
femur. The thickness and spacing of the trabeculae 
vary with the intensity of the maximum stresses at 
various points, being thickest and most closely 
spaced in the regions where the greatest stresses 
occur. The amount of bony material in the spongy 
bone varies in proportion to the intensity of the 
shearing force at the various sections. The arrange- 
ment of the trabeculae in the positions of maximum 
stresses is such that the greatest strength is secured 
with a minimum of bony material. 
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In the shaft the shearing stresses are at a mini- 
mum. Very little if any material is in the central 
Space, as practically the only material near the neu- 
tral plane is in the compact bone. The hollow shaft of 
the femur is an efficient structure for resisting bend- 
ing stresses, because all of the material in the shaft 
is at a considerable distance relative to the neutral 
axis. It provides resistance to bending movement 
caused by the load on the femoral head as well as by 
any other loads tending to produce bending in other 
planes. The structure of the shaft is such that great 
strength exists in a relatively small amount of ma- 
terial. 

In the distal extremity of the femur there are two 
main systems of trabeculae, a longitudinal and a 
transverse system. The longitudinal trabeculae 
arise from the inner wall of the shaft and continue in 
Straight parallel lines to the epiphyseal line. They 
then continue in slightly curved lines to meet the 
articular surface of the femur at the knee joint at 
right angles. The transverse trabeculae are lighter in 
structure and are braced at right angles to the longi- 
tudinal trabeculae. Thus, with practically no increase 
in the amount of bony material used, there is a 
greatly increased stability produced by the expan- 
sion of the lower femur from a hollow shaft of com- 
pact bone to a structure of much larger cross-section 
composed almost entirely of spongy bone. 

OSSIFICATION. (Figs. 4-201 to 4-203). The 
femur is ossified from five centers: one each for the 
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Fic. 4-199. Frontal longitudinal midsection of the upper femur; natural size. 
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Fic. 4-200. Frontal longitudinal midsection of a right 
femur; %th natural size. (From Koch.) 
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Fig. 4-201. plan of ossification of the femur. From five 
centers. 


body, the head, the greater trochanter, the lesser 
trochanter, and the distal extremity. Of all the long 
bones, except the clavicle, the femur is the first to 
show traces of ossification. This commences in the 
middle of the body, at about the seventh week of 
fetal life, and rapidly extends proximally and distally. 
The centers in the epiphyses appear in the following 
order: in the dista/ end of the bone, at the ninth 
month of fetal life (from this center the condyles and 
epicondyles are formed); in the head, at the end of 
the first year after birth; in the greater trochanter, 
during the fourth year; and in the /esser trochanter, 
between the thirteenth and fourteenth years. The 
order in which the epiphyses are joined to the body 
is the reverse of that of their appearance. They are 
not united until after puberty, and the lesser tro- 
chanter Is the first to join, then the greater trochan- 
ter, then the head, and finally the distal extremity, 
which ts not united until the twentieth year. 


THE PATELLA 


The patella, commonly called the knee 
cap (Figs. 4-204; 4-205), is a flat, smooth, tri- 
angular bone, situated on the front of the 
knee joint and embedded on the deep aspect 
of the tendon of the quadriceps femoris. It is 
the largest of the sesamoid bones, resem- 
bling them by (1) being developed in a ten- 
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Fic. 4-202. Epiphyseal lines of femur in a young adult. 
Anterior aspect. The lines of attachment of the articular 
capsules are in blue. 


don; (2) presenting a knotty, tuberculated 
appearance as a result of its ossification; and 
(3) being composed mainly of dense cancel- 
lous tissue. Measuring about 5 cm in diame- 
ter, it serves to protect the front of the knee 
joint and increases the leverage of the quad- 
riceps femoris by making it act at a greater 
angle. It has an anterior and a posterior sur- 
face, three borders, and a pointed apex that 
is directed inferiorly. The lower limit of the 
apex lies about 1cm above the level of the 
knee joint in the erect lower extremity. 
The anterior surface (Fig. 4-204) is convex, 
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Fic. 4-204. Right patella. Anterior surface. 


Fig. 4-203. Epiphyseal lines of femur in a young adult. 
Posterior aspect. The lines of attachment of the articular 
capsules are in blue. 


perforated by small apertures for the pas- 
sage of nutrient vessels, and marked by 
numerous rough, longitudinal striae. This 
surface is covered, in the intact body, by an 
expansion from the tendon of the quadri- 
ceps femoris which is continuous distally 
with the superficial fibers of the ligamentum 
patellae. It is easily palpable and separated 
from the integument by a bursa. The poste- 
rior surface (Fig. 4-205) presents a smooth, 
oval, articular area covered with cartilage, 
and divided into two facets by a vertical 
ridge. This ridge lies adjacent to the groove 
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Fic. 4-205. Right patella. Posterior (articular) surface. 
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on the anterior surface of the femur, and the 
facets of the patella articulate with the me- 
dial and lateral aspects of the groove. The 
lateral patellar facet is broader and deeper 
than the medial. Distal to the articular sur- 
face is a rough, convex, nonarticular area, 
the distal half of which gives attachment to 
the ligamentum patellae. The proximal half 
of the nonarticular area is separated from 
the head of the tibia by adipose tissue. 

The base or superior border is thick and 
sloped from behind downward and forward. 
It gives attachment to the portion of the 
quadriceps femoris muscle that is derived 
from the rectus femoris and vastus interme- 
dius muscles. The medial and lateral borders 
are thinner and converge distally. They give 
attachment to those portions of the quadri- 
ceps femoris that are derived from the vasti 
lateralis and medialis. 

The apex is bluntly pointed and gives at- 
tachment to the ligamentum patellae, which 
is a continuation of the quadriceps tendon. 
The ligamentum patellae, in turn, attaches to 
the tibia. 


STRUCTURE. The patella consists of nearly uni- 
form dense cancellous bone, covered by a thin com- 
pact lamina. The trabeculae immediately beneath 
the anterior surface are arranged parallel with it. In 
the remainder of the bone, the trabeculae radiate 
from the articular surface toward the other parts of 
the bone. 

OSSIFICATION. The patella ossifies from several 
centers, which usually make their appearance dur- 
ing the second or third year, but may be delayed 
until the sixth year. These centers then fuse, and 
ossification is usually completed by puberty or ado- 
lescence (Fig. 4-210). 

ARTICULATION. The posterior surface of the pa- 
tella actually articulates with the femur, and its ten- 
don, the ligamentum patellae, attaches to the tibia. 


THE TIBIA 


The tibia (Figs. 4-206 to 4-209) or shin bone 
is situated at the medial side of the leg and, 
except for the femur, is the longest bone of 
the skeleton. It lies nearly parallel to the fib- 
ula, and it alone transmits the weight of the 
trunk and thigh to the foot. The tibia is ex- 
panded proximally where it enters into the 
formation of the knee joint. The shaft again 
enlarges distally, although to a lesser extent, 
and ends in an inferior projection, the me- 
dial malleolus, which extends beyond the 
rest of the bone. The tibia presents a body or 
shaft and two extremities. 
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Fic. 4-206. Proximal surface of right tibia. 


PROXIMAL EXTREMITY. The proximal ex- 
tremity is expanded to form two eminences, 
the medial and lateral condyles. The supe- 
rior articular surface presents two smooth 
articular facets (Figs. 4-206; 4-211). The me- 
dial facet is oval and slightly concave. The 
lateral facet, nearly circular, is concave from 
side to side, but slightly convex anteroposte- 
riorly, especially where it extends over the 
posterior surface for a short distance. The 
central portions of these facets articulate 
with the condyles of the femur, while their 
peripheral portions support the menisci of 
the knee joint, which here intervene be- 
tween the two bones (Fig. 4-207). Between 
the articular facets, but nearer the posterior 
than the anterior aspect of the bone, is a 
prominent spine, the intercondylar emi- 
nence. This eminence is surmounted on each 
side by the medial and lateral intercondylar 
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Fic. 4-207. An outline of Figure 4-206 showing the at- 
tachment of the menisci and cruciate ligaments. 
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Fic. 4-208. Bones of the right leg. Anterior surface. Ar- 
ticular capsules outlined in blue. Fic. 4-209. Bones of the right leg. Posterior surface. 
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FiG. 4-210. Knee of a boy aged 16 years. Lateral view. 
Note that the upper epiphysis of the tibia includes the 
tibial tuberosity, which is indicated by the arrow. 


tubercles onto the sides of which the articu- 
lar facets are prolonged. Anterior and pos- 
terior to the intercondylar eminence are 
roughened areas for the attachment of the 
anterior and posterior cruciate ligaments 
and the menisci. These sites are called the 
anterior and posterior intercondylar areas, 
and they intervene between the medial and 
lateral condyles (Figs. 4-206; 4-207). 

The anterior surface of the proximal ex- 
tremity of the bone is a flattened triangular 
area (Fig. 4-208). It is perforated by large vas- 
cular foramina and presents a broad oblong 
elevation, the tuberosity of the tibia, which 
gives attachment to the ligamentum patellae. 
The tuberosity is divisible into a rounded, 
smooth proximal portion and a roughened 
distal portion into which the ligament actu- 
ally inserts. A bursa intervenes between the 
deep surface of the ligament and the part of 
the bone immediately proximal to the tuber- 
osity. 

The medial condyle presents a deep trans- 
verse groove posteriorly for the insertion of 
the tendon of the semimembranosus (Fig. 





Fic. 4-211. 


Adult knee. The gap between the lateral 
condyles of the femur and tibia is occupied by the articu- 
lar cartilage of the two bones and the lateral semilunar 
cartilage. 


FiG. 4-212. Knee of a child aged 7 years. Note that the 
apex of the head of the fibula and the tubercles of the 
intercondylar eminence of the tibia are still cartilaginous 
and therefore cannot be recognized. 


4-209). Its medial surface is convex and 
rough, and gives attachment to the tibial col- 
lateral ligament. The lateral condyle pre- 
sents a flat, nearly circular, articular facet 
posteriorly, for articulation with the head of 
the fibula (Fig. 4-209). A rough eminence is 
situated on a level with the proximal border 
of the tuberosity at the junction of its ante- 
rior and lateral surfaces for the attachment 
of the iliotibial band. Just distal to this, a part 
of the extensor digitorum longus takes origin 
and a slip from the tendon of the biceps fem- 
oris is inserted. 

BODY OR SHAFT. The body or shaft of the 
tibia is triangular in cross-section and con- 
siderably expanded proximally. It gradually 
tapers from the condyles downward to a 
point about two-thirds along the shaft, 
where it is thinnest. It then gradually widens 
again. The shaft presents medial, lateral, and 
posterior surfaces, which are separated by 
anterior, medial, and interosseous borders. 

The anterior border (Fig. 4-208) is the most 
prominent of the three borders, and is situ- 
ated subcutaneously throughout its length. 
This border is referred to as the “skin,” and 
it commences proximally at the tibial tuber- 
osity and ends distally at the anterior margin 
of the medial malleolus. It is sinuous and 
more prominent in the proximal two-thirds 
of its extent, but becomes smoother and 
rounded distally. It gives attachment to the 
deep fascia of the leg. 

The medial border is smooth and rounded 
both proximally and distally, but sharp and 
more prominent in the center. It begins 
below the posterior part of the medial con- 
dyle, and ends at the posterior border of 
the medial malleolus. Its proximal part for 
about 5 cm gives attachment to the tibial col- 
lateral ligament of the knee joint, and below 
this insert some fibers of the popliteus mus- 
cle. From the middle third of this border 
arise fibers of the soleus and flexor digi- 
torum longus muscles. 

The interosseous or lateral border is thin 
and prominent, especially its central part, 
and gives attachment to the interosseous 
membrane. It commences just below the 
fibular articular facet of the lateral condyle 
and bifurcates distally to form the bounda- 
ries of a triangular rough surface for the at- 
tachment of the interosseous ligament con- 
necting the tibia and fibula. Thus, the 
interosseous border extends inferiorly to the 
inferior tibiofibular joint. 
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The medial surface (Fig. 4-208) is smooth, 
convex, and broad, and is bounded in front 
by the anterior border and behind by the 
medial border. Its proximal third, directed 
anteriorly and medially, is covered by the 
aponeurosis derived from the tendon of the 
sartorius, and by the tendons of the gracilis 
and semitendinosus muscles, all of which 
are inserted nearly as far anteriorly as the 
anterior border. The remainder of this sur- 
face lies immediately beneath the skin and 
superficial fascia and bears no muscular at- 
tachments. 

The lateral surface (Fig. 4-208) is some- 
what narrower than the medial and lies be- 
tween the anterior and interosseous borders. 
Its proximal two-thirds present a shallow 
concavity for the origin of the tibialis ante- 
rior. Its distal third is smooth and convex 
and curves gradually forward to the anterior 
aspect of the bone. Although this lower part 
of the lateral surface has no muscular at- 
tachments, it is crossed by the tendons of the 
tibialis anterior, extensor hallucis longus, 
and extensor digitorum longus muscles, ar- 
ranged in this order from medial to lateral. 
Between the latter two tendons course the 
anterior tibial vessels and nerve. 

The posterior surface (Fig. 4-209) at its 
proximal part presents a prominent ridge, 
the soleal line, which extends obliquely 
downward from the posterior part of the ar- 
ticular facet for the fibula to the medial bor- 
der. It marks the distal limit of the insertion 
of the popliteus, serves for the attachment of 
the fascia covering this muscle, and gives 
origin to part of the soleus, flexor digitorum 
longus, and tibialis posterior muscles. The 
triangular area proximal to this line re- 
ceives the insertion of the popliteus. The 
middle third of the posterior surface pre- 
sents a vertical line, which commences at 
the soleal line and is well marked proxi- 
mally and less distinct distally. It separates 
the origins of the flexor digitorum longus 
medially and the tibialis posterior laterally 
(Fig. 4-209). The remaining part of the poste- 
rior surface is smooth and covered by the 
tibialis posterior, flexor digitorum longus, 
and flexor hallucis longus muscles. Immedi- 
ately distal to the soleal line is an obliquely 
directed vascular groove which leads to a 
rather large nutrient foramen. 

DISTAL EXTREMITY. The distal extremity is 
less massive than the proximal, and it pre- 
sents five surfaces: inferior, anterior, poste- 
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rior, lateral, and medial. On its medial side 
there projects distally a strong process, the 
medial malleolus. 

The inferior surface is quadrilateral and 
smooth for articulation with the talus. It is 
concave anteroposteriorly, broader in front 
than behind, and medially it is continuous 
with the articular surface of the medial mal- 
leolus. 

The anterior surface of the distal extrem- 
ity of the tibia is smooth, rounded proxi- 
mally, and covered by the tendons of the 
extensor muscles. Distally the anterior sur- 
face extends beyond and slightly overhangs 
the inferior surface, and its distal margin 
presents a rough transverse depression for 
the attachment of the articular capsule of the 
ankle joint. 

The posterior surface is traversed by a 
shallow, longitudinal groove that is directed 
obliquely downward and medially. It is con- 
tinuous with a similar groove on the poste- 
rior surface of the talus and serves for the 
passage of the tendon of the flexor hallucis 
longus. 

The lateral surface of the distal tibial ex- 
tremity is triangular and presents the fibular 
notch, which serves for articulation with the 
distal end of the fibula. The upper circum- 
ference of the notch is somewhat roughened 
for the attachment of the interosseous liga- 
ment, which connects the two bones. The 
lateral surface is bounded by two prominent 
borders continuous above with the interos- 
seous border. They afford attachment to the 
anterior and posterior ligaments of the lat- 
eral malleolus. 

The medial surface is prolonged distally 
to form a short pyramid-shaped process, the 
medial malleolus. The medial surface of this 
process is convex and immediately subcuta- 
neous. Its lateral or articular surface is 
smooth, slightly concave, and articulates 
with the talus. The anterior border of the 
medial malleolus is rough, for the attach- 
ment of the anterior fibers of the deltoid liga- 
ment of the ankle joint, while its posterior 
border presents a broad groove, the malleo- 
lar sulcus, which occasionally is double and 
lodges the tendons of the tibialis posterior 
and flexor digitorum longus. The summit of 
the medial malleolus is marked by a rough 
depression for the attachment of the deltoid 
ligament. 


STRUCTURE. The structure of the tibia is like that 
of other long bones. The compact wall of the body is 


thickest at the junction of the middle and lower 
thirds of the bone. 

OSSIFICATION. The tibia is ossified from three 
centers: one for the body and one for each extremity 
(Figs. 4-213; 4-214). Ossification begins in the cen- 
ter of the shaft at about the seventh week of fetal 
life, and gradually extends toward the extremities. 
The center for the upper epiphysis appears before or 
shortly after birth. It is flat in form (Fig. 4-21 2) and 
has a thin tongue-shaped process in front which 
forms the tuberosity (Fig. 4-214). The center for the 
lower epiphysis appears in the second year, and the 
lower epiphysis joins the shaft at about the eight- 
eenth year, while the upper epiphysis joins the shaft 
at about the twentieth year. Two additional centers 
occasionally exist, one for the tongue-shaped proc- 
ess of the upper epiphysis, which forms the smooth 
part of the tibial tuberosity, and one for the medial 
malleolus. 


THE FIBULA 


The fibula (Figs. 4-208; 4-209) is situated on 
the lateral aspect of the leg and articulates 
with the tibia proximally and the tibia and 
talus distally. In proportion to its length, the 
fibula is the most slender of all the long 
bones. Because the fibula does not partici- 
pate in the formation of the knee joint, it is 
not a weight-bearing bone. It does, however, 
afford attachment to numerous muscles 
which tend to twist its shape, and it does 
participate importantly in the structure of 
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Fig. 4-213. Plan of ossification of the tibia. From three 
centers. 





Fig. 4-214. Epiphyseal lines of tibia and fibula in a 
young adult are shown in black. Lines of attachment of 
the articular capsules are shown in blue. Anterior as- 
pect. 


the ankle joint. Placed parallel to the tibia, 
the fibula has two extremities and a shaft or 
body. Its proximal extremity is called the 
head of the fibula, and it is placed slightly 
posterior to the head of the tibia, below the 
level of the knee joint. Its distal extremity 
inclines a little anteriorly and projects be- 
yond the tibia, forming the lateral part of the 
ankle joint. It projects laterally as the lateral 
malleolus. 

THE HEAD. The heal of the fibula (Figs. 
4-208; 4-209) is irregular in form and presents 
a flattened surface, directed upward, for- 
ward, and medially, for articulation with a 
corresponding surface on the lateral condyle 
of the tibia. On the lateral side is a thick 
and rough prominence continued posteri- 
orly into a pointed eminence, the apex of the 
head (styloid process). This gives attachment 
to the tendon of the biceps femoris muscle 
and to the fibular collateral ligament of the 
knee joint, the ligament dividing the tendon 
into two parts. The remaining part of the cir- 
cumference of the head is rough, for the at- 
tachment of muscles and ligaments. Anteri- 
orly, the head of the fibula presents a 
tubercle for the origin of the proximal fibers 
of the peroneus longus and extensor digi- 
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torum longus muscles (Fig. 4-208), as well as 
a surface for the attachment of the anterior 
ligament of the head. Posteriorly, another 
tubercle gives attachment to the posterior 
ligament of the head and the origin of the 
proximal fibers of the soleus muscle (Fig. 
4-209). 

The slightly narrowed region just below 
the head of the fibula is sometimes referred 
to as the neck of the fibula. As the common 
peroneal nerve leaves the popliteal fossa, it 
courses around the lateral surface of the 
fibular neck to achieve the anterior aspect of 
the leg. At this site the nerve lies in a vulner- 
able position superficially beneath the skin 
and adjacent to bone. 

BODY OR SHAFT. The long, narrow shaft of 
the fibula is almost entirely surrounded by 
muscles. It presents three borders—anterior, 
interosseous, and posterior, and three sur- 
faces—medial, posterior, and lateral. 

The anterior border (Fig. 4-215) begins prox- 
imally in front of the fibular head. It courses 
distally to a point just below the middle of 
the bone, where it curves somewhat laterally 
and bifurcates to embrace a triangular sub- 
cutaneous surface immediately above the 
lateral malleolus. This border gives attach- 
ment to an intermuscular septuin, which 
separates the extensor muscles on the ante- 
rior aspect of the leg from the peroneus 
longus and peroneus brevis on the lateral 
aspect. 

The interosseous border (Fig. 4-215) is sit- 
uated on the medial side of the anterior bor- 
der and runs nearly parallel with it in the 
proximal third of the fibula, but diverges 
from it in the distal two-thirds. It begins just 
below the head of the fibula and ends at the 
apex of a rough triangular surface immedi- 


— Anterior border 










Interosseous border 


Interosseous border 
Tibia 






Vertical ridge 
Medial border 


ae 
Medial crest 


Posterior 
border 


Fic. 4-215. A transverse section through the right tibia 
and fibula, showing the attachment of the crural interos- 
seous membrane. Viewed from above. 
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ately proximal to the articular facet of the 
lateral malleolus (Fig. 4-216). The interosse- 
ous border serves for the attachment of the 
interosseous membrane, which separates the 
extensor muscles anteriorly from the flexor 
muscles posteriorly. 

The posterior border (Fig. 4-215) begins 
at the apex of the fibula and ends in the pos- 
terior aspect of the lateral malleolus. It gives 
attachment to an aponeurosis which sepa- 
rates the peroneal muscles on the lateral sur- 
face from the flexors on the posterior sur- 
face. 

The medial surface is the interval between 
the anterior and interosseous borders. It is 
extremely narrow and flat in the proximal 
third of its extent, but broader and grooved 
longitudinally in its distal third. It serves for 
the origin of three muscles: the extensor dig- 
itorum longus, extensor hallucis longus, and 
peroneus tertius (Fig. 4-209). 

The posterior surface of the fibula is the 
space between the posterior and interosse- 
ous borders. Its proximal three-fourths are 
separated into posteromedial and posterolat- 
eral portions by a longitudinal ridge, the me- 
dial crest (Fig. 4-215). This crest begins on 
the medial side of the fibular head and ends 
by becoming continuous with the interosse- 
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Fic. 4-216. Distal extremity of right fibula. Medial as- 
pect. 


ous crest at the distal one-fourth of the bone. 
The medial crest gives attachment to an apo- 
neurosis which separates the tibialis poste- 
rior from the soleus and flexor hallucis 
longus muscles. Thus, the posterolateral por- 
tion of the posterior surface is included be- 
tween the posterior border and the medial 
crest. This portion is continuous distally 
with the triangular area proximal to the ar- 
ticular surface of the lateral malleolus. Its 
proximal third is rough, for the origin of the 
soleus; its distal part presents a triangular 
surface connected to the tibia by a strong 
interosseous ligament; the intervening part 
of the surface is covered by the fibers of ori- 
gin of the flexor hallucis longus. Near the 
middle of this surface is the nutrient fora- 
men. The posteromedial portion is the inter- 
val included between the interosseous bor- 
der and the medial crest. It is grooved for the 
origin of the tibialis posterior. 

The lateral surface is the space between 
the anterior and posterior borders. It. is 
broad, often deeply grooved, and gives ori- 
gin to the peroneus longus and peroneus 
brevis. 

LATERAL MALLEOLUS. The lateral malleolus 
(Figs. 4-216; 4-217) is the expanded distal 
portion of the fibula, an enlargement not 
unlike the head. Its point is less narrow and 
tapered than the apex, however, and its ar- 
ticular surface broader and more oval in 
shape with a deep longitudinally running 
groove, the lateral malleolar fossa, beside it. 
The lateral malleolus is more prominent and 
descends farther distally than does the me- 
dial malleolus on the distal extremity of the 
tibia (Fig. 4-217). The lateral surface is con- 
vex, subcutaneous, and continuous with the 
triangular, subcutaneous surface on the lat- 
eral side of the fibular body. The medial sur- 
face (Fig. 4-216) presents a smooth oval facet 
anteriorly which articulates with a corre- 
sponding surface on the lateral side of the 
talus. Posterior to this malleolar articular 
surface is a rough depression, which gives 
attachment to the posterior talofibular liga- 
ment. The anterior border is thick and 
rough, and marked by a depression for the 
attachment of the anterior talofibular liga- 
ment. The posterior border is broad and 
presents the shallow malleolar sulcus for the 
passage of the tendons of the peroneus 
longus and brevis (Fig. 4-209). The inferior 
tip is rounded and gives attachment to the 
calcaneofibular ligament. 





FiG.4-217. Ankle of achild aged 10 years. Note that the 
inferior epiphyseal line of the fibula is opposite the ankle 
joint. 


OSSIFICATION. The fibula is ossified from three 
centers: one for the shaft and one for each end (Fig. 
4-218). Ossification begins in the shaft about the 
eighth week of fetal life, and extends toward the ex- 
tremities. At birth the ends are cartilaginous. Ossifi- 
cation Commences in the distal end in the second 
year, and in the proximal about the third or fourth 
year. The distal epiphysis, the first to ossify, unites 
with the body about the twentieth year; the proximal 
epiphysis, about the twenty-fifth year. 


The Foot 


Because the bones of the foot must bear 
the weight of the body as well as transmit 
thrust in locomotion, it is important that 
they be structured to lend maximal resil- 
ience and elasticity. This is accomplished by 
their arched arrangement. Each foot forms a 
half dome with its medial side arched high 
and the lateral side flattened. Not only trans- 
verse, but longitudinal arches as well, con- 
tribute to the stability of the foot, and to its 
ability to withstand shock and distribute 
weight. The skeleton of the foot (Figs. 4-219; 
4-220) consists of three parts: tarsus, metatar- 
sus, and phalanges. 
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FiG.4-218. pian of ossification of the fibula. From three 
centers. 


THE TARSUS 


There are seven tarsal bones: the talus, 
calcaneus, cuboid, navicular, and three cu- 
neiforms. 

TRE TALUS: ‘The talus (Figs. 4-221 to 4-224) 
is the second largest of the tarsal bones and 
it occupies the proximal part of the tarsus. It 
supports the tibia, rests upon the calcaneus, 
and articulates on each side with the malle- 
oli. Distally it articulates with the navicular. 
The talus consists of a body, a neck, and a 
head. 

The body of the talus is cuboidal in shape. 
Its superior or proximal portion, the troch- 
lea, is convex and covered by a smooth artic- 
ular surface, which forms a large arc for ar- 
ticulation with the tibia (Figs. 4-221; 4-223). 
Its lateral surface articulates with the lateral 
malleolus of the fibula, and its medial with 
the medial malleolus of the tibia. 

Inferiorly, the body of the talus presents 
two articular areas, the posterior and middle 
calcaneal surfaces, separated by a deep 
groove, the sulcus tali (Figs. 4-222; 4-224). In 
the articulated foot it lies above a similar 
groove upon the proximal surface of the cal- 
caneus, and forms the tarsal sinus, occupied 
by the interosseous talocalcaneal ligament. 
The posterior calcaneal articular surface 
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Fic. 4-220. Bones of the right foot. Plantar surface. 
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Fig. 4-221. Left talus. Proximal aspect. 


(Figs. 4-222; 4-224) is large and oblong, and 
articulates with the corresponding facet on 
the surface of the calcaneus. The middle 
calcaneal articular surface (Figs. 4-222; 
4-224) is small and oval, and articulates with 
the facet on the sustentaculum tali of the cal- 
caneus. 
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Fic. 4-222. Left talus. Distal aspect. 


The medial surface of the body is continu- 
ous superiorly with the trochlea and pre- 
sents a pear-shaped articular facet for the 
medial malleolus (Figs. 4-221, 4-223). Below 
the articular surface is a rough depression 
for the attachment of the deep portion of the 
deltoid ligament of the ankle joint. 

The lateral surface of the body, which also 
is continuous with the trochlea, carries a 
large triangular facet for articulation with 
the lateral malleolus (Figs. 4-221; 4-224). An- 
teriorly, there is a rough depression for the 
attachment of the anterior talofibular liga- 
ment. Between the posterior half of the lat- 
eral border of the trochlea and the posterior 
part of the base of the fibular articular sur- 
face is a triangular facet. which comes into 
contact with the transverse inferior tibiofib- 
ular ligament during flexion of the ankle 
joint. Below the base of this facet is a groove 
that affords attachment to the posterior talo- 
fibular ligament. 

Posteriorly, the surface of the body of the 
talus is narrow and is traversed by a groove 
for the tendon of the flexor hallucis longus, 
which lies between two tubercles (Fig. 4-223). 
Lateral to the groove is a prominent tubercle, 
the posterior process, to which the posterior 
talofibular ligament is attached. This process 
is sometimes separated from the rest of the 
talus, and is then known as the os trigonum. 
Medial to the groove is a second less promi- 
nent tubercle to which attaches the medial 
talocalcaneal ligament. 

The neck of the talus is directed forward 
and medially and is the constricted portion 
of the bone between the body and the head 
(Figs. 4-223; 4-224). Its superior and medial 
surfaces are rough for the attachment of liga- 
ments. Its lateral surface is concave and is 
continuous below with a deep groove, the 
sulcus tali. Together with the calcaneus this 
groove forms the tarsal sinus for the interos- 
seous talocalcaneal ligament. 

The head of the talus is the rounded ante- 
rior end of the bone (Figs. 4-223; 4-224). It is 
directed distally and oriented slightly down- 
ward and medially. The anterior or distal 
surface of the head is covered by a large, 
oval, convex facet for articulation with the 
navicular. Its inferior surface (Fig. 4-222) has 
two facets, which are best seen in the fresh 
condition. Medially and anterior to the mid- 
dle calcaneal facet is a semi-oval surface 
that rests on the plantar calcaneonavicular 
ligament. Laterally is located the flattened 
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Fig. 4-223. Left talus. Medial surface. 


anterior calcaneal articular surface, which 
articulates with the facet on the superior 
surface of the anteromedial part of the calca- 
neus. 


Articulations. The talus articulates with four 
bones: tibia, fibula, calcaneus, and navicular. 


THE CALCANEUS. The calcaneus (Figs. 
4-225 to 4-228) is the largest and strongest 
bone in the foot. It is situated in the posterior 
part of the foot and extends backward be- 
yond the tibia and fibula to form the heel. 
The calcaneus serves to transmit the weight 
of the body to the ground and provides a 
strong lever for the muscles of the calf. It is 
somewhat cuboidal, with its long axis di- 
rected forward and laterally, and presents 
six surfaces for examination. These are the 
superior, distal, lateral, medial, anterior, and 
posterior surfaces. 

The superior or proximal surface (Fig. 
4-225) extends behind onto the portion of the 
calcaneus that forms the heel. It varies in 
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length in different individuals and is con- 
cave from front to back and convex from 
side to side. It is divisible into two parts, an- 
terior and posterior. The anterior part con- 
tains three facets which are oriented proxi- 
mally for articulation with the talus. The 
posterior articular surface is the largest of 
the three and is oval in shape and faces 
somewhat anteriorly. Medial to this facet is 
the middle articular surface, which is sup- 
ported by the sustentaculum tali. The ante- 
rior articular facet is anterior and lateral to 
the middle facet and is in close proximity or 
joined with it. All three facets articulate 
with those of similar name on the distal sur- 
face of the talus. The calcaneal sulcus is a 
deep depression between the posterior and 
middle articular facets. In the intact foot it 
combines with a similar groove on the talus, 
called the sulcus tali, to form the tarsal sinus 
which contains the interrosseous talocal- 
caneal ligament. Anterior and lateral to the 
calcaneal sulcus and the three articular fac- 
ets, the rough surface provides attachment 
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Fic. 4-224. Left talus. Lateral surface. 
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Fic. 4-226. Left calcaneus. Distal or plantar surface. 


for ligaments and for the origin of the exten- 
sor digitorum brevis. The posterior part of 
the superior surface is a rather smooth con- 
vex area extending from the articular facets 
to the calcaneal tuberosity. 

The distal or plantar surface (Fig. 4-226) is 
wider behind than in front and convex from 
side to side. It is bounded posteriorly by a 
transverse elevation, the calcaneal tuber- 
osity, which is depressed in the middle 
and prolonged on each side into a process. 
The lateral process—small, prominent, and 
rounded—gives origin to part of the abduc- 
tor digiti minimi. The medial process is 
broader and larger, and gives attachment by 
its prominent medial margin to the abductor 
hallucis, the flexor digitorum brevis, and the 
plantar aponeurosis. The depression be- 
tween the processes gives origin to the 
remainder of the abductor digiti minimi. The 
rough surface anterior to the processes gives 
attachment to the long plantar ligament, and 
to the lateral head of the quadratus plantae 
muscle. The plantar calcaneocuboid liga- 
ment is attached to a prominent tubercle 
nearer the anterior part of this surface, as 
well as to a transverse groove anterior to the 
tubercle. 

The lateral surface (Fig. 4-227) is broad 
behind and narrow in front, flat, and almost 
subcutaneous. At its upper and anterior part, 
the lateral surface gives attachment to the 
lateral talocalcaneal ligament. Near its cen- 
ter is a tubercle for the attachment of the 
calcaneofibular ligament. Anterior to the 
tubercle is a narrow surface marked by two 
oblique grooves and separated by an ele- 
vated ridge, the peroneal trochlea, which 
varies much in size in different bones. The 
superior groove transmits the tendon of the 
peroneus brevis, while the inferior groove 
transmits that of the peroneus longus. 

The medial surface is deeply concave, and 
the concavity is made more apparent by the 
prominent medial process of the calcaneal 
tuberosity posteriorly and the overhanging 
horizontal eminence, the sustentaculum tali, 
anterosuperiorly (Fig. 4-228). Within this 
hollow course the plantar vessels and nerves 
into the sole of the foot. The medial surface 
affords origin to the medial head of the 
quadratus plantae muscle, while the susten- 
taculum tali gives attachment to a slip of the 
tendon of the tibialis posterior. The superior 
surface of the sustentaculum tali contains 
the facet for articulation with the middle 
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Fig. 4-227. Left calcaneus. Lateral surface. 


calcaneal articular surface of the talus. The 
inferior surface is grooved for the tendon of 
the flexor hallucis longus; its anterior mar- 
gin gives attachment to the plantar calcaneo- 
navicular ligament, and its medial margin to 
a part of the deltoid ligament of the ankle 
OUrit. 

The anterior surface of the calcaneus (Fig. 
4-226) is small and somewhat triangular in 
shape. It consists almost entirely of a facet 
for articulation with the cuboid bone. The 
plantar calcaneonavicular ligament is at- 
tached to its medial border. 

The posterior surface protrudes as the 
prominence of the heel (Figs. 4-226; 4-228). It 
is divisible into three areas. The inferior 
area is rough and covered by the fatty, fi- 


Middle articular surface 


brous tissue of the heel. The middle area 
also is rough and forms the calcaneal tuber- 
osity onto which inserts the tendo calcaneus 
and plantaris. The superior portion is 
smooth, and is covered by a bursa that inter- 
venes between it and the tendo calcaneus. 


Articulations. The calcaneus articulates with 
two bones: the talus and cuboid. 


CuBOID BONE. The cuboid bone (Figs. 4- 
229; 4-230) is placed on the lateral aspect of 
the foot, distal to the calcaneus and proxi- 
mal to the fourth and fifth metatarsal bones. 
The dorsal surface is directed laterally and 
is roughened for the attachment of liga- 
ments. The plantar surface presents a deep 
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Fic. 4-228. Left calcaneus. Medial surface. 
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Fic. 4-229. The left cuboid. Anteromedial view. 


oblique groove, the sulcus for the peroneus 
longus tendon. This groove is bounded pos- 
teriorly by a prominent ridge, to which the 
long plantar ligament is attached. This ridge 
ends laterally in the tuberosity of the cuboid 
bone, the surface of which presents an oval 
facet over which a sesamoid bone or a carti- 
lage in the tendon of the peroneus longus 
glides. The surface of bone posterior to the 
groove is rough, for the attachment of the 
plantar calcaneocuboid ligament, a few fi- 
bers of the flexor hallucis brevis, and a fas- 
ciculus from the tendon of the tibialis poste- 
rior. The lateral surface presents a deep 
notch formed by the commencement of the 
peroneal sulcus. The posterior or proximal 
surface is smooth and triangular in shape for 
articulation with the anterior surface of the 
calcaneus (Fig. 4-230). Its medial plantar 
angle projects posteriorly as a process that 
underlies and supports the anterior end of 
the calcaneus. The anterior or distal surface 
(Fig. 4-229) is divided by a vertical ridge into 
two facets: the medial facet is quadrilateral 
in shape and articulates with the fourth met- 
atarsal; the lateral is triangular in shape and 
articulates with the fifth. The medial surface 
is broad and irregularly quadrilateral in 
shape. It presents at its middle and superior 
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Fic. 4-231. The left navicular. Anterior or distal view. 
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Fic. 4-230. The left cuboid. Posterolateral view. 


part a smooth oval facet for articulation with 
the lateral cuneiform. Posterior to this is oc- 
casionally seen a smaller facet for articula- 
tion with the navicular. The remainder of 
this surface is nonarticular, but it is 
roughened for the attachment of strong in- 
terosseous ligaments. 


Articulations. The cuboid articulates with four 
bones: the calcaneus, lateral cuneiform, and fourth 
and fifth metatarsals. Occasionally it articulates with 
a fifth bone, the navicular. 


NAVICULAR BONE. The navicular bone 
(Figs. 4-231; 4-232) is situated at the medial 
side of the tarsus, between the talus proxi- 
mally and the cuneiform bones distally. The 
anterior or distal surface is convex from side 
to side and subdivided by two ridges into 
three facets, for articulation with the three 
cuneiform bones (Fig. 4-231). The posterior 
or proximal surface is oval and concave and 
articulates with the rounded head of the 
talus. The dorsal surface is convex and 
rough for the attachment of ligaments. The 
plantar surface is irregular, and also rough 
for the attachment of ligaments. The medial 
surface presents the rounded navicular tu- 
berosity, the lower part of which affords the 
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The left navicular. Posterior or proximal 


principal attachment to the tendon of the 
tibialis posterior. The lateral surface is 
rough and irregular for the attachment of lig- 
aments, and occasionally presents a small 
facet for articulation with the cuboid bone. 


Articulations. The navicular articulates with four 
bones: the talus and the three cuneiforms. Occasion- 
ally it articulates with a fifth bone, the cuboid. 


MEDIAL CUNEIFORM BONE. The medial 
cuneiform (wedge-shaped) bone is the larg- 
est of the three cuneiforms (Figs. 4-233; 
4-234). It is situated on the medial side of the 
foot, between the navicular proximally, and 
the base of the first metatarsal distally. The 
medial surface is subcutaneous, broad, and 
quadrilateral, and at its anterior plantar 
angle is a smooth oval impression, into 
which part of the tendon of the tibialis an- 
terior is inserted (Fig. 4-233). The rest of 
its extent is rough for the attachment of 
ligaments. The lateral surface is concave, 
presenting along its superior and posterior 
borders a narrow L-shaped surface which 
articulates with the intermediate cuneiform. 
The dorsal and distal part of the lateral sur- 
face presents a small facet which articulates 
with the medial surface of the base of the 
second metatarsal bone (Fig. 4-234). The rest 
of this surface is rough for the attachment of 
ligaments and part of the tendon of the pero- 
neus longus. The anterior or distal surface is 
kidney-shaped and articulates with the first 
metatarsal bone. The posterior or proximal 
surface is triangular and concave and articu- 
lates with the most medial and largest of the 
three facets on the anterior surface of the 
navicular. The plantar surface is rough and 
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Fig. 4-233. The left medial cuneiform. Medial aspect. 


APPENDICULAR SKELETON 299 


For 2nd 
metatarsal 


For intermediate 
cuneiform 





For navicular 


Fic. 4-234. The left medial cuneiform. Lateral aspect. 


forms the base of the wedge. At its posterior 
part is a tuberosity for the insertion of part 
of the tendon of the tibialis posterior. More 
anteriorly and laterally a slip from the ten- 
don of the tibialis anterior also inserts on 
this surface. The dorsal surface is the nar- 
row end of the wedge and is rough for the 
attachment of ligaments. 


Articulations. The first cuneiform articulates 
with four bones: the navicular, intermediate cune!- 
form, and first and second metatarsals. 


INTERMEDIATE CUNEIFORM BONE. The in- 
termediate cuneiform bone (Figs. 4-235; 
4-236) is the smallest of the three cuneiforms 
and presents a regular wedge shape, the thin 
end being the plantar. It is situated between 
the other two cuneiform bones and articu- 
lates with the navicular proximally and the 
second metatarsal distally. Thus, the ante- 
rior or distal surface, triangular in form, ar- 
ticulates with the base of the second meta- 
tarsal bone. The posterior or proximal 
surface, also triangular in shape, articulates 
with the intermediate facet on the anterior 
surface of the navicular. The medial surface 
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Fic. 4-235. The left intermediate cuneiform. Medial 
and distal view. 
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Fic. 4-236. The left intermediate cuneiform. Lateral 
and proximal! view. 


carries an L-shaped articular facet, running 
along the superior and posterior borders, for 
articulation with the medial cuneiform (Fig. 
4-235); it is rough in the rest of its extent for 
the attachment of ligaments. The lateral sur- 
face presents posteriorly a smooth facet for 
articulation with the lateral cuneiform bone 
(Fig. 4-236). The dorsal surface forms the 
base of the wedge; it is quadrilateral and 
rough for the attachment of ligaments. The 
plantar surface, sharp and tuberculated, is 
also rough for the attachment of ligaments, 
and for the insertion of a slip from the ten- 
don of the tibialis posterior. 


Articulations. The intermediate cuneiform artic- 
ulates with four bones: the navicular, medial and 
lateral cuneiforms, and second metatarsal. 


LATERAL CUNEIFORM BONE. ‘The lateral 
cuneiform bone (Figs. 4-237; 4-238) is also 
wedge-shaped and interposed between the 
cuboid and the intermediate cuneiform in 
the distal row of tarsal bones. The distal or 
anterior surface of the lateral cuneiform 
bone articulates with the base of the third 
metatarsal. Its proximal or posterior surface 
articulates with the lateral facet on the ante- 
rior surface of the navicular, and is rough 
inferiorly for the attachment of ligamentous 
fibers. The medial surface (Fig. 4-237) pre- 
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Fic. 4-237. The left lateral cuneiform. Medial and 
proximal aspect. 


sents a distal and a proximal articular facet, 
separated by a rough depression. The distal 
facet, sometimes divided, articulates with 
the lateral aspect of the base of the second 
metatarsal bone. The proximal facet skirts 
the proximal margin and articulates with the 
intermediate cuneiform. The rough depres- 
sion separating the articular facets gives at- 
tachment to an interosseous ligament. The 
lateral surface (Fig. 4-238) also presents two 
articular facets, separated by a rough nonar- 
ticular area. The distal facet, situated at the 
superior angle of the bone, is small and 
semi-oval, and articulates with the medial 
side of the base of the fourth metatarsal 
bone. The proximal and larger facet is trian- 
gular or oval, and articulates with the cu- 
boid. The rough, nonarticular area between 
these serves for the attachment of an interos- 
seous ligament. The three facets for articula- 
tion with the three metatarsal bones are 
continuous with one another; those for 
articulation with the intermediate cunei- 
form and navicular are also continuous, but 
that for articulation with the cuboid is usu- 
ally separate. The dorsal surface is rectangu- 
lar in shape and prolonged proximally, 
forming the base of the wedge. The plantar 
surface is the narrow, rounded margin of the 
wedge, and serves for the attachment of part 
of the tendon of the tibialis posterior, part of 
the flexor hallucis brevis, and for ligaments. 


Articulations. The lateral cuneiform articulates 
with six bones: the navicular, intermediate cunel- 
form, cuboid, and second, third, and fourth metatar- 
Sals. 


THE METATARSUS 


The metatarsus consists of five bones situ- 
ated between the tarsal bones and the pha- 
langes (Figs. 4-219; 4-220; 4-245; 4-246). They 
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Fig. 4-238. The left lateral cuneiform. Lateral! and dis- 


tal aspect. 


are numbered from one to five from the 
medial side. Thus, the first metatarsal is that 
which articulates with the phalanges of the 
large toe, while the fifth metatarsal joins the 
phalanges of the small toe. Similar to the 
metacarpals, each metatarsal is a long bone 
in miniature and presents for examination a 
base, body, and head. 

COMMON CHARACTERISTICS OF THE METATAR- 
SAL BONES. The body is long and slender, 
tapers gradually from the tarsal to the pha- 
langeal extremity, and is curved longitudi- 
nally, so as to be convex dorsally and con- 
cave on the plantar aspect. The base or 
proximal extremity is wedge-shaped, articu- 
lating with the tarsal bones and, by its sides, 
with the contiguous metatarsal bones. The 
dorsal and plantar surfaces of the metatar- 
sals are rough for the attachment of liga- 
ments. The head or distal extremity articu- 
lates with the proximal phalanx of each toe 
and presents a convex articular surface, the 
plantar portion of which extends farther 
proximally than the dorsal. The sides of the 
heads are flattened, and on each is a depres- 
sion, surmounted by a tubercle, for ligamen- 
tous attachment. The plantar surface of the 
heads is grooved anteroposteriorly for the 
passage of the flexor tendons, and marked 
on either side by an articular eminence con- 
tinuous with the distal articular surface. 

CHARACTERISTICS OF THE INDIVIDUAL META- 
TARSAL BONES. The individual metatarsal 
bones possess distinctive anatomical fea- 
tures which allow them to be readily identi- 
fied. 

First Metatarsal Bone. ‘The first metatar- 
sal bone (Fig. 4-239) is remarkable for its 
great thickness and is the shortest of the met- 
atarsal bones. The body or shaft is strong, 
and is markedly prismatic in form. Its lateral 
surface is triangular and flat and gives origin 
to the medial head of the first dorsal interos- 
seous muscle. The base presents, as a rule, 
no articular facets on its sides, but occasion- 
ally on the lateral aspect there is an oval 
facet that articulates with the second meta- 
tarsal. Its proximal articular surface is large 
and kidney-shaped for articulation with the 
medial cuneiform bone. The circumference 
of this articular surface is grooved, for the 
tarsometatarsal ligaments. Medially it re- 
ceives the insertion of part of the tendon of 
the tibialis anterior, and laterally it presents 
a rough oval prominence for the insertion of 
the tendon of the peroneus longus. The head 
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Fig. 4-239. The left first metatarsal bone. A, Medial 
aspect. B, Lateral aspect. 


is large and on its plantar surface are two 
grooved facets, on which glide sesamoid 
bones. The facets are separated by a smooth 
central elevation. 

Second Metatarsal Bone. The second 
metatarsal bone (Fig. 4-240) is the longest of 
the metatarsal bones, being prolonged proxi- 
mally to fit into the recess formed by the 
three cuneiform bones. Its base is broad dor- 
sally, narrow and rough below. It presents 
four articular surfaces: a posterior triangular 
facet for articulation with the intermediate 
cuneiform; one at its medial surface for ar- 
ticulation with the medial cuneiform; and 
two on its lateral surface separated by a 
rough nonarticular interval. Each of these 
lateral articular surfaces is divided into two 
facets by a vertical ridge. The two anterior 
facets articulate with the third metatarsal, 
while the two posterior (sometimes continu- 
ous) articulate with the lateral cuneiform. A 
fifth facet is occasionally present for articu- 
lation with the first metatarsal. It is oval in 
shape, and is situated on the medial side of 
the body, just distal to the base. The plantar 
surface of the base of the second metatarsal 
affords insertion to a slip of the tibialis pos- 
terior tendon. From the medial surface of the 
shaft arises the lateral head of the first dorsal 
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Fig. 4-240. The left second metatarsal bone. A, Medial 
aspect. B, Lateral aspect. 


interosseous muscle, while the lateral sur- 
face gives origin to the medial head of the 
second dorsal interosseous. 

Third Metatarsal Bone. The third meta- 
tarsal bone (Fig. 4-241) is shorter than the 
second, and its base articulates proximally 
with the lateral cuneiform by means of a trian- 
gular smooth surface. Medially the base ar- 
ticulates, by two facets, with the second met- 
atarsal, and laterally, by a single facet, with 
the fourth metatarsal. This last facet is situ- 
ated at the dorsal angle of the base. The base 
allows insertion of a small slip from the 
tibialis posterior. From the shaft arise the 
lateral head of the second dorsal interosse- 
ous muscle and the medial head of the third 
dorsal interosseous muscle, and from the 
plantar surface arises the first plantar inter- 
osseous muscle. 

Fourth Metatarsal Bone. The fourth met- 
atarsal bone (Fig. 4-242) is smaller in size 
than the preceding. Its base presents an 
oblique quadrilateral surface for articula- 
tion with the cuboid. A smooth facet on the 
medial side is divided by a ridge into an an- 
terior portion for articulation with the third 
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Fig. 4-241. The left third metatarsal bone. A, Medial 
aspect. B, Lateral aspect. 
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Fig. 4-242. The left fourth metatarsal bone. A, Medial 
aspect. B, Lateral aspect. 


metatarsal, and a posterior portion for artic- 
ulation with the lateral cuneiform. On the 
lateral side a single facet is for articulation 
with the fifth metatarsal. The shaft of the 
fourth metatarsal gives origin on its medial 
aspect to the lateral head of the third dorsal 
interosseous muscle and on its lateral aspect 
to the medial head of the fourth dorsal inter- 
osseous muscle. Additionally, on its plantar 
surface arises the second plantar interosse- 
ous muscle. 

Fifth Metatarsal Bone. The fifth metatar- 
sal bone (Fig. 4-243) is recognized by a rough 
eminence, the tuberosity, on the lateral 
aspect of its base. The base articulates poste- 
riorly with the cuboid and medially with the 
fourth metatarsal. On the medial part of its 
dorsal surface is inserted the tendon of the 
peroneus tertius and on the dorsal surface of 
the tuberosity that of the peroneus brevis. A 
strong band of the plantar aponeurosis con- 
nects the projecting part of the tuberosity 
with the lateral process of the tuberosity of 
the calcaneus. The plantar surface of the 
base is grooved for the tendon of the abduc- 
tor digiti minimi, and gives origin to the 
flexor digiti minimi brevis. On the medial 
aspect of the shaft arises the lateral head of 
the fourth dorsal interosseous muscle, while 
from its plantar aspect arises the third plan- 
tar interosseous muscle. 


Heads 





| \ 
For 4th 


metatarsal For cuboid Tuberosity 


Fig. 4-243. The left fifth metatarsal bone. A, Medial 
aspect. B, Lateral aspect. 
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ARTICULATIONS. The base of each metatarsal 
bone articulates with one or more of the tarsal 
bones, and the head of each metatarsal articulates 
with the first phalanx of the corresponding toe. The 
first metatarsal articulates with the medial cunei- 
form, the second with all three cuneiforms, the third 
with the lateral cuneiform, the fourth with the lateral 
cuneiform and the cuboid, and the fifth with the cu- 
boid. In addition the bases of the metatarsals articu- 
late with those of adjacent metatarsals. 


PHALANGES OF THE FOOT 


The phalanges of the foot (Figs. 4-219: 
4-220; 4-245; 4-246) correspond in number and 
general arrangement to those of the hand. 
There are two in the great toe and three in 
each of the other toes. They differ from the 
phalanges of the hand because of their 
smaller size. The shafts are much reduced 
in length and they are laterally compressed, 
especially the phalanges of the  proxi- 
mal row. 

PROXIMAL ROW (first row). The phalanges 
of the proximal row are compressed in the 
middle and expanded at each extremity. The 
shafts are convex dorsally and concave on 
their plantar surface. The base is concave, 
articulating with the head of the correspond- 
ing metatarsal bone. The head presents a 
trochlear surface for articulation with the 
middle phalanx. 

MIDDLE ROW (second row). The phalanges 
of the second row are remarkably small and 
short, but somewhat broader than those of 
the proximal row. 

DISTAL ROW. The ungual phalanges re- 
semble those of the fingers, but are smaller 
and more flattened. Each presents a broad 
base for articulation with the corresponding 
bone of the middle row, and an expanded 
distal extremity, called the ungual tuberos- 
ity, for the support of the toenail dorsally 
and the pulp of the tip of the toe distally. 


ARTICULATIONS. |n the second, third, fourth, and 
fifth toes, the phalanges of the proximal row articu- 
late with the metatarsal bones proximally and the 
middle phalanges distally. The middle phalanges 
articulate with the proximal and distal phalanges, 
while the ungual phalanges articulate with the mid- 
dle. The first toe has but two phalanges, the proxi- 
mal articulates with the first metatarsal bone and 
with the distal phalanx. The distal phalanx articu- 
lates only with the proximal phalanx. 

OSSIFICATION OF THE BONES OF THE FOOT (Fig. 
4-244). The tarsal bones are each ossified from a 
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single center, except the calcaneus, which has an 
epiphysis for its posterior extremity. The centers 
make their appearance in the following order: ca/ca- 
neus, between the fourth and seventh month of fetal 
life; ta/us, about the sixth month or earlier: cuboid, 
at the ninth month; /atera/ cuneiform, during the first 
year; medial cuneiform, in the second year; interme- 
diate cuneiform and navicular, in the third year. The 
epiphysis for the posterior extremity of the calcaneus 
appears at the eighth year and unites with the rest of 
the bone soon after puberty. The posterior process 
of the talus is sometimes ossified from a separate 
center and may remain distinct from the main mass 
of the bone. When this occurs, it is named the os 
trigonum. 

The metatarsal bones corresponding to the sec- 
ond, third, fourth, and fifth toes are each ossified 
from two centers, one for the body or shaft, and one 
for the head. The first metatarsal ossifies from cen- 
ters for its shaft and base. Ossification commences 
in the centers of the shafts during the ninth or tenth 
week and extends toward either extremity. The ossi- 
fication center of the epiphysis at the base of the first 


metatarsal appears about the third year, while the 
centers for the heads of the other bones appear be- 
tween the fifth and eighth years. The epiphyses unite 
with the shafts between the eighteenth and twenti- 
eth years. 

The phalanges are each ossified from two cen- 
ters, a primary center for the body or shaft and an 
epiphysial center for the base. The primary ossifica- 
tion centers for the shafts of the proximal and distal 
phalanges appear between the eighth and twelfth 
fetal week, while those for the shafts of the middle 
phalanges appear at about the sixteenth intrauterine 
week. Epiphysial centers in the bases of the phalan- 
ges appear between the second and tenth years. The 
epiphyses join the shafts at about the eighteenth 
year. 


SESAMOID BONES 


Sesamoid bones are rounded formations 
of bone embedded in certain. tendons 
Where the latter are subjected to com- 


pression as well as to their usual tensile 
stresses. Generally they measure only a 
few millimeters in diameter; however, the 
patella is an example of a large sesamoid 
bone which is consistently observed in the 
tendon of the quadriceps femoris muscle. 
The sesamoid bones are genuine parts of the 
skeleton and are found in the fetus as well as 
in phylogenetically distantly related animal 
forms, often in greater abundance than in 
the adult human body. The precise function 
of sesamoid bones is uncertain, and indeed 
may vary at different sites. Their association 
with the physical stresses, tensions, and fric- 
tion produced by tendons is generally ac- 
knowledged. 

In the upper limb, the sesamoid bones 
occur normally only in relation to the 
joints of the palmar surface of the hand. 
The two most constant are in the tendons of 
the two heads of the flexor pollicis brevis at 
the metacarpophalangeal joint, the medial or 
deep head having the larger bone. A corre- 
sponding one in the flexor digiti minimi 
brevis is frequently present at the meta- 
carpophalangeal joint and one (or two) at the 
same joint of the index finger. Additionally, 
a sesamoid bone is often found in the inser- 
tion tendon of the adductor pollicis muscle. 
sesamoids are also found occasionally at 
the metacarpophalangeal joint of the middle 
and ring fingers, at the interphalangeal joint 
of the thumb, and at the distal interphalan- 
geal joint of the index finger. Sesamoid 
bones apart from joints are seldom found in 
the tendons of the upper limb, although one 
is seen at times in the tendon of the biceps 
brachii opposite the radial tuberosity. 

In the lower limb, the largest sesamoid 
bone is the patella, in the tendon of the 
quadriceps femoris at the knee. Two con- 
stant sesamoids occur in the tendons of the 
flexor hallucis brevis at the metatarso- 
phalangeal joint, the medial being the larger. 
One is occasionally found at the same joint 
of the second and fifth toes, or even of the 
third and fourth toes, and one at the inter- 
phalangeal joint of the great toe. Sesamoid 
bones in the lower extremity are seen in sev- 
eral tendons at sites other than at joints. One 
is in the tendon of the peroneus longus, 
where it glides on the cuboid. Another, ap- 
pearing late in life, is found in the tendon of 
the tibialis anterior, opposite the smooth 
facet of the medial cuneiform bone. Other 
sesamoid bones are found in the tendon of 
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the tibialis posterior, opposite the medial 
side of the head of the talus; in the lateral 
head of the gastrocnemius, behind the lat- 
eral condyle of the femur; and in the tendon 
of the psoas major, where it glides over the 
pubis. Occasionally, sesamoid bones are also 
found in the tendons that wind around the 
medial and lateral malleoli, and in the ten- 
don of the gluteus maximus, as it passes over 
the greater trochanter. 


COMPARISON OF THE BONES 
OF THE HAND AND FOOT 


The hand and foot are constructed on 
somewhat similar principles, each consisting 
of a proximal part, the carpus or the tarsus, 
an intermediate portion, the metacarpus or 
the metatarsus, and a distal portion, the pha- 
langes. The proximal part consists of a se- 
ries of more or less cubical bones which 
allow a slight amount of gliding on one an- 
other and are chiefly concerned in distribut- 
ing forces transmitted to or from the bones 
of the arm or leg. The intermediate part is 
made up of slightly movable long bones 
which assist the carpus or tarsus in distribut- 
ing forces and also give greater breadth for 
the reception of such forces. The separation 
of the individual bones from one another al- 
lows the attachments of the interosseous 
muscles and protects the dorsal-to-palmar 
and dorsal-to-plantar vascular anastomoses. 
The distal portion is the most movable, and 
its separate elements enjoy a varied range of 
movements, the most common of which are 
flexion and extension. 

Although comparable in structure, the 
hand and foot show modifications in their 
detailed anatomy which meet the require- 
ments of their very different functions. In 
essence, the hand serves as the appendage of 
the upper extremity and is controlled in its 
function as a grasping, holding, and present- 
ing organ. In contrast, the foot forms a firm 
basis of support for the body in the erect 
posture, and is therefore more solid. Its com- 
ponent parts are less movable than are those 
of the hand. | 

In the case of the phalanges the differ- 
ences are readily noticeable. Those of the 
foot are smaller and their movements are 
more limited than those of the hand. Very 
much more marked is the difference be- 
tween the metacarpal bone of the thumb and 


306 OSTEOLOGY 


the metatarsal bone of the great toe. The 
metacarpal bone of the thumb is con- 
structed to permit great mobility, is directed 
at an acute angle from that of the index fin- 
ger, and is capable of a considerable range of 
movement at its articulation with the carpus. 
The thumb is rotated, thereby allowing for 
its ability to oppose each of the other fingers. 
The metatarsal bone of the great toe assists 
in supporting the weight of the body, is con- 
structed with great solidity, lies parallel with 
and in the same plane as the other metatar- 
sals, and has a very limited degree of mo- 
bility. 

The carpus is small in proportion to the 
size of the rest of the hand. The carpal bones 
are placed in line with the forearm, and 
form a transverse arch, the concavity of 
which constitutes a bed for the flexor ten- 
dons entering the hand from the forearm and 
for the palmar vessels and nerves. In con- 
trast, the tarsus is large and forms a consid- 
erable part of the foot. It is placed at right 
angles to the leg, a position that is almost 
peculiar to man and facilitates his erect pos- 
ture. In order to allow the support of the 
body and to distribute its weight properly, 
the tarsus, metatarsus, and phalanges of the 
foot are constructed as a series of both lon- 
gitudinal and transverse arches, the nature 
of which will be considered after the articu- 
lations of the foot have been described 
(Chapter 5). 


Histologic Structure 
of Connective Tissues 


The connective tissues are a broadly dis- 
tributed group of body elements of many 
varieties derived from embryonic meso- 
derm. Widely ranging structures, such as 
fascia, fat, ligaments, and tendons are 
formed of connective tissue, as are the more 
specialized tissues of bone, cartilage, and 
blood. Connective tissue always contains in 
various proportions three principal compo- 
nents: cells, extracellular fibers, and intersti- 
tial ground substance. The extracellular fi- 
bers and ground substance form an 
intercellular matrix which may vary in con- 
sistency. It may be liquid, as in tissue fluid, 
or gelatinous, or it may be solid as in bone 
and cartilage. The cellular components of 
connective tissue are surrounded by the in- 
tercellular matrix. There are a variety of 


connective tissue cell types, both fixed and 
wandering, but all are derived from meso- 
dermal elements. 

CONNECTIVE TISSUE CELLS. The most nu- 
merous fixed cells in connective tissue and 
those principally responsible for the forma- 
tion of extracellular fibers and ground sub- 
stance are the fibroblasts (Fig. 4-245). Some 
authors, when discussing the mature body, 
refer to these same cells as fibrocytes; how- 
ever, due to the dynamic, ever-changing con- 
ditions within the tissues of the adult as well 
as the fetus, it is customary, regardless of 
age, to call them fibroblasts. Fibroblasts ap- 
pear frequently along strands of collagen. 
They are polymorphic, but frequently ap- 
pear as long, slender cells with several cyto- 
plasmic processes, which give them a spin- 
dle-like appearance. Their nuclei are 
relatively large, oval-shaped, and basophilic, 
and their cytoplasm contains the usual or- 
ganelles such as mitochondria. Although 
they have little or no visible specializations 
when found in fibrous connective tissue, 
they may receive specific names such as os- 
teoblasts and osteocytes, or chondroblasts 
and chondrocytes in bone and cartilage. 

Many other types of cells are found in the 
connective tissues. One of the more common 
is the ubiquitous histiocyte or fixed macro- 
phage (Fig. 4-246). This cell type possesses a 
remarkable ability to ingest foreign particu- 
late matter and, because of this property, is 
similar to other phagocytic cells occurring in 
several organs. The many phagocytic cell 
types throughout the body comprise the 





Fig. 4-245, Fibroblasts along strands of collagen in the 
loose connective tissue of the prepubertal female breast. 
Hematoxylin and eosin stain. 600 x. 
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Fic. 4-246. Two macrophages or histiocytes among 
other elements in this subcutaneous connective tissue 
spread from a rat. The animal had been injected with 
trypan blue intraperitoneally in order to demonstrate the 
phagocytic property of these cells. Note the ingested dye 
within the cytoplasm. Resorcin-fuchsin and axocarmine. 
1000 x. 


great phagocytic system called the reticulo- 
endothelial system. Another cell type found 
in connective tissue is the mast cell (Fig. 
4-247). These are widely distributed through- 
out the body and are abundantly found 
along the course of small blood vessels. The 





Fic. 4-247. Two mast cells from a subcutaneous con- 
nective tissue spread stained with neutral red. Note that 
the cytoplasm is filled with granules. 1800 x. 
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cytoplasm of mast cells is filled with gran- 
ules believed to contain at least three impor- 
tant substances: heparin, which acts as an 
anticoagulant; histamine, which is a vasodi- 
lator and increases capillary permeability; 
and serotonin, which acts as a vasoconstric- 
tor. Mast cells react to tissue injury by the 
release of their granules into the surround- 
ing tissue. Plasma cells, which are known to 
contribute to the formation of antibodies, 
are at times seen in connective tissue, but 
can more readily be found in lymphatic or- 
gans and in subepithelial lymphatic tissue of 
digestive and respiratory organs. Other cells, 
such as the polymorphonuclear leukocytes, 
accumulate in an area where there is acute 
inflammation, and lymphocytes where the 
disease is more chronic. Occasionally, the 
other types of white blood cells—mono- 
cytes, eosinophils, and basophils—are seen 
in connective tissue, but red blood corpus- 
cles are usually not found in the connective 
tissue unless there has been an injury to the 
blood vessels. 

CONNECTIVE TISSUE FIBERS. Three types of 
fibers are found in adult connective tissue— 
collagenous, reticular, and elastic. Of these, 
the collagenous fibers (Fig. 4-248) are the 
most abundant. Fibroblasts produce mole- 
cules of tropocollagen which then assemble 
to form fine fibrils of collagen. The nature 
and arrangement of collagen lend both great 
strength and flexibility to the formation of 
fibrous connective tissue. Collagenous fibers 
are white and form the bulk of tendons, liga- 
ments, and fascia, where they are pliable 





Fic. 4-248. Collagen fibers stained in a teased spread of 
loose connective tissue. Hematoxylin and eosin. 250 x. 
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and enduring, but they resist stretching and 
are practically not extensible. Reticular fi- 
bers (Fig. 4-249) are found forming the net- 
works around fat cells and beneath the en- 
dothelium of capillaries, as well as forming 
the fibrous supporting structure of lymphoid 
and blood-forming organs. They are argyro- 
philic and are composed of fibrils similar to 
collagenous fibers, but of a smaller diameter. 
The fibers appear coated with polysaccha- 
rides, which probably give them the prop- 
erty of reacting with silver salts. Elastic fi- 
bers (Fig. 4-250) contain protein and differ in 
color from collagen, appearing yellow in the 
fresh state. Elastic fibers are thin and wavy, 
branch repeatedly, and in connective tissue 
form a network among the collagenous fi- 
bers and cells. They vary in thickness and 
chemically consist of elastin. They stretch 
easily but allow the tissue to reassume its 
original form following stretching. Gener- 
ally less numerous than collagen in connec- 
tive tissue, elastic fibers are plentiful in the 
walls of arteries. 

GROUND SuBSsTANCE. The ground sub- 
stance or matrix surrounding both cells and 
fibers may be fluid, semifluid, or solid, and 
although not composed of living material 
such as protoplasm, it is not inert. In ordi- 
nary fibrous connective tissue, the ground 
substance is a viscous solution. It contains 





Fig. 4-249. Reticular fibers impregnated with silver are 
seen forming a branching network within a lymph node. 
900 x. 





Fic. 4-250. Elastic fibers as observed in the wall of the 
human aorta. Stained with resorcin fuchsin. 144 x. 


long chained carbohydrates called acid 
mucopolysaccharides (more _ accurately 
called glycosaminoglycans) of which hyalu- 
ronic acid and chondroitin sulfuric acid are 
the most common. Ground substance has 
a great capacity to bind and hold water. 
Through it substances are diffused between 
the capillaries and the cells of tissues and 
organs, making it a highly important meta- 
bolic interface in the body. 


CONNECTIVE TISSUE TYPES 


The various types of so-called proper con- 
nective tissue are classified according to the 
nature of their cellular and intercellular 
components. When the proportion of fibers 
is highly predominant over the cellular and 
intercellular elements, the tissue is referred 
to as dense fibrous connective tissue. When 
the fibers are oriented in a parallel manner, 
the tissue is called dense regular connective 
tissue, in contrast to that containing ran- 
domly oriented fiber bundles, which is 
called dense irregular connective tissue. Dif- 
fering from dense connective tissue, loose 
fibrous connective tissue is a fine network of 
loosely woven elements, in which the fibers 
are not densely packed. Also of importance 
are several other more special types of con- 
nective tissue—reticular connective tissue, 
adipose tissue, mucous connective tissue, 
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and elastic connective tissue. Cartilage and 
bone will be considered separately. 

DENSE FIBROUS CONNECTIVE TISSUE. Dense 
regular connective tissue is the principal 
constituent forming the tendons, aponeu- 
roses, and ligaments. The collagenous fibers 
are arranged in compact parallel bundles 
and impart a glistening white color that is 
characteristic of the tissue. Structures 
formed from dense regular connective tissue 
are pliable and inelastic, and withstand 
great tensional stress, particularly in one di- 
rection, but can endure little compressional 
stress. Dense irregular connective tissue has 
its collagenous fibers interwoven rather than 
arranged into parallel bundles. This tissue 
forms the fascial membranes, corium or der- 
mis of the skin, periosteum, and capsules of 
organs. These structures are able to resist 
strong tensional stress in many directions 
and, in this respect, differ from the unidirec- 
tional resistance capacity of tendons and 
ligaments. As might be expected, the dis- 
tinction between regular and _ irregular 
connective tissue is at times arbitrary. Some 
membranes have the collagenous bundles in 
layers rather than interwoven and thus may 
have a white, glistening appearance similar 
to that of aponeuroses, as for example in the 
dura mater and certain of the named fascias. 

Tendons are white, glistening fibrous 
bands that attach muscles to bones. They 
vary in length and thickness, are sometimes 
round, sometimes flattened, of great tensile 
strength, flexible, and practically inelastic. 
They consist of collagenous bundles which 
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are firmly united together and whose fibrils 
have a parallel course (Fig. 4-251). The fibro- 
blasts are arranged in linear fashion be- 
tween the parallel collagenous bundles. Ex- 
cept where they are attached, the tendons 
have a sheath or delicate irregular fibrous 
and elastic connective tissue, and larger ten- 
dons have a stroma of thin internal septa as 
well. They are sparingly supplied with blood 
vessels, the smaller tendons presenting no 
trace of them in their interior. They are sup- 
plied with sensory nerves whose fibers have 
specialized terminations called the neuro- 
tendinous endings of Golgi, which mediate a 
special stereognostic sensibility. 

Aponeuroses are fibrous membranes, of 
a pearly white color, iridescent, and glis- 
tening, and represent very much flattened 
tendons. They consist of closely packed, 
parallel, collagenous bundles, and by this 
characteristic may be differentiated from the 
fibrous membranes of fascia, which have 
their collagenous bundles more irregularly 
interwoven. An aponeurosis usually consists 
of several layers of collagenous bundles ar- 
ranged in such a manner that the bundles of 
adjacent layers are oriented in different di- 
rections. Aponeuroses are only sparingly 
supplied with blood vessels. 

Ligaments are structures that strengthen 
joints and tend to restrain abnormal move- 
ments. On the other hand, they are pliant 
and flexible so as to allow perfect freedom 
of movement of the joint in its normal di- 
rections. Ligaments resist tensions, and 
their collagenous bundles accordingly are 





Fig. 4-251. Longitudinal section of a human tendon showing the parallel orientation of the collagenous bundles. Note 
also the linear orientation of the fibroblast nuclei. Hematoxylin and eosin. 170 x. 
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mainly parallel. They lack the glistening 
whiteness of tendons, however, because 
there is a greater admixture of elastic and 
fine collagenous fibers woven among the 
parallel bundles. Ligaments are as strong as 
tendons and have in addition a slight 
amount of elasticity. They are of different 
shapes and are formed as cords, bands, 
or sheets. Ligaments may be well-defined 
bands of fibers that appear as local thicken- 
ings in the capsule of a joint. In addition to 
capsular ligaments, others may be quite in- 
dependent of the joint capsule. Their deep 
surface may form part of the synovial mem- 
brane of a joint, but their superficial surface 
is covered with a fibroelastic tissue that 
blends with the surrounding connective tis- 
sue. Certain ligaments are composed primar- 
ily of yellow elastic fibers. Examples are 
the ligamenta flava, which connect the lami- 
nae of adjacent vertebrae, and the ligamen- 
tum nuchae in the dorsal neck of grazing 
animals. In these cases the elasticity of the 
ligament is intended to act as a substitute for 
muscle power. 

Fascia is the term used in gross anatomy 
for all dissectable fibrous connective tissue 
not specifically organized as tendons, apo- 
neuroses, and ligaments. It varies in thick- 
ness and density according to functional 
demands, and is usually in the form of mem- 
branous sheets. In places where two fibrous 
sheets of fascia are easily separated, a loose 
areolar connective tissue intervenes. The 
site is frequently referred to as a fascial cleft. 
Often a fascial sheet may have a specific 
name; at other times it is referred to gener- 
ally as investing fascia, superficial fascia, or 
deep fascia. Fascia separates muscles, in- 
vests blood vessels and nerves, forms a sub- 
cutaneous layer of tissue throughout the 
body, and contains between its fibers vary- 
ing amounts of fat. 

LOOSE FIBROUS CONNECTIVE TISSUE. Loose 
fibrous connective tissue is the most perva- 
sive of all the connective tissues. It accom- 
panies blood vessels and nerves throughout 
the body, extends into most organs, glands, 
and muscles, and is found beneath mucous 
and serous membranes (Fig. 4-252). It has a 
strong binding power, but is very pliable and 
somewhat stretchable. It contains elastic fi- 
bers among its collagenous bundles which 
are loosely interwoven and easily displaced, 
in contrast to the compact structure seen in 
dense connective tissue. Between the fibers 





Fic. 4-252. Loose (areolar) connective tissue (stained 
blue) around blood vessels and between segments of the 
kidney. Note the extension of wisps of connective tissue 
between some of the tubules. Trichrome stain. 144 x. 


there may be comparatively wide interstices 
or areolae which are sponge-like and filled 
with liquid ground substance or tissue fluid. 
When this tissue is more closely woven, as in 
the capsules of organs, it is called fibroelas- 
tic tissue. When it is loosely woven and 
weak, as in the fascial clefts, it is called fi- 
broareolar or areolar tissue. 

RETICULAR CONNECTIVE TISSUE. Reticular 
connective tissue is composed of delicate 
reticular fibrils woven into a loose mesh- 
work which surrounds individual or small 
groups of cells not belonging to the connec- 
tive tissue. Its most typical form is found in 
such organs as the spleen, liver, lymph 
nodes, and bone marrow, where the individ- 
ual lymphocytes are retained in its meshes. 
The fibrils are difficult to see in the usually 
prepared histological slides stained with 
hematoxylin and eosin because they are 
masked by the cells. They can be made visi- 
ble with silver impregnation, however, and 
in these preparations the delicate fibrils 
merge with the collagenous bundles of the 
capsule of the organ (Fig. 4-249). The same 
delicate meshwork of reticular fibrils sur- 
rounds individual muscle fibers, glandular 
acini, nerve fibers. and capillary blood ves- 
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sels in other parts of the body, but at these 
sites is usually given the specific name of re- 
ticular tissue. The cells of reticular connec- 
tive tissue appear as primitive looking mes- 
enchyme cells. Their processes course along 
the reticular fibers, and certain of these cells 
exhibit phagocytic properties. 

ADIPOSE TISSUE. Adipose tissue is the 
name given to tissue in which there is an 
accumulation of connective tissue cells, 
each containing a large vesicle of fat (Fig. 
4-253). In an obese individual these accumu- 
lations may occur wherever there is loose 
fibrous connective tissue. In all but emaci- 
ated individuals, however, they are found in 
certain areas where they act as packing or 
padding tissue. Examples of the latter are 
the orbit, perirenal fat pad, and various 
areas of the subcutaneous tissue. Adipose 
tissue is not inert and does not simply store 
fat over long periods of time. Fat cells show 
a considerable metabolic activity and there 
is a rapid and continuous turnover of lipid. 
They are able to synthesize triglycerides 
from free fatty acids and to store the lipid 
in the form of fat droplets which then are 
broken down again under the influence of 





Fic. 4-253. Ordinary fat cells showing the cytoplasmic 
rim which encloses large intracytoplasmic spaces that in 
life contained fat droplets. The fat has been extracted 
during tissue preparation. Hematoxylin and eosin. 
900 x. 


hormones. The storage and release of fat 
is importantly influenced by insulin and epi- 
nephrine. 


Cartilage 


Cartilage is essentially a nonvascular tis- 
sue because it has no capillary network of its 
own, nor does it contain nerves. It is found in 
various parts of the body—in adult life 
chiefly in the joints, in the walls of the tho- 
rax, and in the walls of various tubular 
structures that must be kept permanently 
open, such as the larynx, trachea and bron- 
chi, nose, and ears. In the fetus, at an early 
period, the greater part of the skeleton is car- 
tilaginous. This temporary cartilage is even- 
tually replaced by bone, in contradistinction 
to more permanent cartilage, which remains 
unossified during the whole of life. 

Cartilage cells, called chondrocytes, are 
surrounded by a compact matrix. The nature 
of this matrix and the abundance and rela- 
tive proportion of collagenous and elastic 
fibers it contains are used to distinguish 
three types of cartilage: hyaline cartilage, 
yellow or elastic fibrocartilage, and white 
fibrocartilage. 

HYALINE CARTILAGE. Hyaline cartilage con- 
sists of a gristly mass with firm consistency, 
which is considerably elastic, translucent, 
and of a pearly blue color. Except where it 
coats the articular ends of bones, hyaline 
cartilage is covered externally by a fibrous 
membrane, the perichondrium, from the 
vessels of which it imbibes its nutritive sub- 
stances. Histologically, hyaline cartilage is 
composed of cells of a rounded or bluntly 
angular form, lying in groups of two or more 
in a granular or almost homogeneous matrix 
(Fig. 4-254). These small clusters of chondro- 
cytes are referred to as isogenous groups, be- 
cause the several cells in each group are de- 
rived from a single chondrocyte. Chon- 
drocytes in isogenous groups generally have 
straight outlines where they are in contact 
with each other, whereas the rest of their cir- 
cumference is rounded. These cells contain 
a clear translucent cytoplasm in which is 
seen a well-developed endoplasmic reticu- 
lum. Their nuclei are rounded or ovoid, con- 
taining several nucleoli. The cavities in the 
matrix, which contain the chondrocytes, are 
called cartilage lacunae. The matrix around 
the lacunae containing the chondrocytes 
stains more basophilic because of its higher 
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Fig. 4-254, Hyaline cartilage. Note the isogenous 
groups of chrondrocytes separated by cartilage matrix. 
Photomicrograph taken of nasal alar cartilage. P, 
Perichondriuin. (From Elias and Pauly, 1966.) 


concentration of acid mucopolysaccharides. 
This more basophilic zone is termed the ter- 
ritorial or capsular matrix, while the re- 
maining, less basophilic matrix is called the 
interterritorial matrix. 

The matrix is translucent and appears 
grossly to be structureless or granular, re- 
sembling ground glass. However, ultrastruc- 
tural and radioautographic studies have re- 
vealed that a significant part of the matrix of 
cartilage consists of fibrils, and these have 
the characteristics of collagen in articular 
cartilage. Further, it has been shown that 
chondrocytes form the precursors of the 
matrix. Belanger (1954) showed that radioac- 
tive sodium sulfate becomes incorporated 
first in chondrocytes and then in cartilage 
matrix. Studies by Revel and Hay (1963) 
have clinched this story. They showed the 
progressive incorporation of proline from 


different cytoplasmic structures of chondro- 
cytes into the territorial matrix adjacent to 
the lacunae. Eventually all the radioactive 
proline metabolized from the cells into the 
matrix. 

Hyaline cartilage at the articular surfaces 
of bone shows no tendency to ossify. The 
matrix is finely granular and the cells are 
small and disposed parallel to the surface 
superficially, while more deeply and nearer 
the bone they are arranged in vertical rows. 
The free surface of articular cartilage, where 
it is exposed to friction, is not covered by 
perichondrium, although a layer of connec- 
tive tissue continuous with the synovial 
membrane can be traced over a small part of 
its circumference. At this interface the carti- 
lage cells are more or less branched and pass 
insensibly into the branched connective tis- 
sue elements of the synovial membrane. Ar- 
ticular cartilage forms a thin covering layer 
over the joint surfaces of the bones, and its 
elasticity enables it to break the force of con- 
cussions, while its smoothness affords ease 
and freedom of movement. 

Cartilage at articular surfaces varies as 
much as 0.5cm, or more, in thickness ac- 
cording to the shape of the bony surface on 
which it lieS. When the bone is convex the 
cartilage is thickest at the center, the reverse 
being the case on concave articular surfaces. 
Cartilage appears to derive its nutriment 
partly from the vessels of the neighboring 
synovial membrane and partly from those of 
the bone upon which it is encapsulated. The 
vascularized tufts of osteogenic marrow in 
the cancellous bone dilate and form arches 
as they approach the cartilage layer, and 
then return into the substance of the bone. 

The cells of the hyaline cartilage which 
compose the cartilages of the ribs are large, 
and the usually homogeneous matrix has a 
tendency to fibrous striation, especially in 
old age. In the thickest parts of the costal 
cartilages a few large vascular channels may 
be detected. At first sight this would appear 
to be an exception to the statement that car- 
tilage is a nonvascular tissue, but this is not 
so because the vessels give no branches to 
the cartilage substance itself, and the chan- 
nels rather should be looked onas involutions 
of the perichondrium. The xiphoid process 
and the cartilages of the nose, larynx, and 
trachea (except the epiglottis and corniculate 
cartilages of the larynx, which are composed 
of elastic fibrocartilage) resemble the costal 
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cartilages in their microscopic anatomy. The 
arytenoid cartilage of the larynx shows a 
transition from hyaline cartilage at its base 
to elastic cartilage at the apex. 

Structures that are normally composed of 
hyaline cartilage are prone to calcify in old 
age. Their matrix becomes permeated by 
calcium salts without any appearance of 
true bone. This process often is manifested 
by the deposition of calcified crusts on the 
surfaces of the cartilage and occurs fre- 
quently in some cartilage such as that of the 
trachea and larynx and in the costal carti- 
lages. At times it may, however, be suc- 
ceeded by conversion into true bone. 

YELLOW OR ELASTIC FIBROCARTILAGE. /Yel- 
low or elastic fibrocartilage is more opaque 
than hyaline cartilage, and is more flexible 
and pliant. These characteristics are im- 
parted by the elastic fibers embedded in the 
cartilage matrix (Fig. 4-255). The lacunae 


= eM PGS oF , 
i sy sb 2 = ai Gs 


Elastic fibers Cartilage cells 





Sis 


containing the cartilage cells are rounded, 
similar to those of hyaline cartilage, and have 
a capsule of clear matrix. The cells are found 
singly or in isogenous groups. The elastic 
fibers may be sparsely scattered or densely 
arranged, and they course in all directions, 
interlacing into a network. The fibers at the 
periphery are continuous with the elastic 
fibers of the perichondrium. Elastic cartilage 
is found in the external ear, the cartilage of 
the auditory tube, the epiglottis, and the cor- 
niculate and cuneiform cartilages of the 
larynx. 

WHITE FIBROCARTILAGE. White fibrocarti- 
lage consists of a combination of dense col- 
lagenous fibers and cartilage cells in various 
proportions. To the former of these constitu- 
ents it owes its flexibility and toughness, and 
to the latter its elasticity. The collagenous 
fibers are arranged in bundles, with cartilage 
cells between the bundles (Fig. 4-256). The 
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Fic. 4-255. Elastic cartilage of the epiglottis of a 13-year-old boy. Stained with elastin H, Delafield’s hematoxylin and 


eosin. 435 x. (From Copenhaver, Bunge, and Bunge, 1971.) 
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Fig. 4-256. Fibrocartilage from human intervertebral 
disc. c.c., cartilage cell; c.f., collagenous fibrils embedded 
in cartilaginous matrix; c.., cartilage lacuna. 1000 x. 
(Redrawn from Soboita.) 


cartilage cells are enclosed in capsules 
around which is a small concentrically stri- 
ated area of hyaline matrix. To a certain ex- 
tent the cells resemble those of tendons, but 
are distinguished from them by their sur- 
rounding matrix and by being less flattened. 
White fibrocartilage forms anumber of struc- 
tures which may be grouped as interarticular, 
connecting, circumferential, and stratiform. 

The interarticular fibrocartilages (such as 
the menisci of the knee joint) are flattened 
fibrocartilaginous plates, of a round, oval, 
triangular, or sickle-like form, interposed 
between the articular cartilages of certain 
joints. They are free on both surfaces, usu- 
ally thinner toward the center than at the 
circumference, and held in position by the 
attachment of their margins and extremities 
to the surrounding ligaments. The synovial 
surfaces of the joints are prolonged over 
them. They are found in the temporoman- 
dibular, sternoclavicular, acromioclavicular, 
wrist, and knee joints. Thus, they are found 
in those joints that are most exposed to vio- 
lent concussion and subject to frequent 
movement. Their actual function is little 


understood but it is conjectured that they 
(1) obliterate the intervals between Opposed 
surfaces in their various motions: (2) in- 
crease the depths of the articular surfaces 
and give ease to the gliding movements: 
(3) moderate the effects of great pressure and 
deaden the intensity of the shocks to which 
the parts may be subjected: and (4) act to 
spread synovial fluid. The presence of inter- 
articular fibrocartilages also serve to in- 
crease the variety of movement in a joint. 
Thus, in the knee joint, although it is a hinge 
joint in which, as a rule, only one variety of 
motion is permitted, there are two kinds of 
motion—angular movement and _ rotation. 
Angular movement takes place between the 
condyles of the femur and the interarticular 
cartilages, while rotation occurs between the 
cartilages and the head of the tibia. 

The connecting fibrocartilages are inter- 
posed between the bony surfaces of those 
joints that have only slight mobility, as 
between the bodies of the vertebrae. At 
these sites the fibrocartilages form discs, 
which are closely adherent to the opposed 
surfaces. Each intervertebral disc is com- 
posed of concentric rings of fibrous tissue, 
with cartilaginous laminae interposed. The 
fibrous tissue predominates toward the disc 
circumference, while the cartilaginous mate- 
rial is more evident toward the center. 

The circumferential fibrocartilages consist 
of rims of fibrocartilage, which surround the 
margins of some of the articular cavities, 
such as the glenoidal labrum of the hip, and 
of the shoulder. The annular lips serve to 
increase the articular surface of contact be- 
tween the bones by deepening the articular 
cavities. They also protect the bony edge of 
the socket. 

The stratiform fibrocartilages are those 
that form a thin coating to osseous grooves 
through which the tendons of certain mus- 
cles glide. Small masses of fibrocartilage are 
also developed in the tendons of some mus- 
cles, where they glide over bones, as in the 
tendons of the peroneus longus and tibialis 
posterior muscles. 


Bone 


Like other connective tissues, bone con- 
sists of cells that are surrounded by fibers 
and ground substance. The calcification of 
its matrix into a hard and rigid substance 
that serves to support and protect the softer 
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body structures distinguishes it from other 
connective tissues. Additionally, the skele- 
ton provides sites of attachment for the mus- 
cles that allow the organism motor expres- 
sion, such as locomotion, as well as other 
bodily movements. Although bone may ap- 
pear at first glance to be an inert tissue, it is, 
in fact, metabolically active and dynamic. 
Bone is a highly vascularized tissue and has 
an excellent capacity for self-repair. 


MACROSCOPIC STRUCTURE OF BONE 


If a bone from an adult limb is sectioned 
longitudinally and examined grossly, it is 
found to be a tubular structure, the walls of 
which are formed of osseous material and 
the central cavity of which contains yellow 
or red bone marrow. The general contours of 
the bone resemble the enlarged fully grown 
model of its miniature prenatal form. Its sur- 
face, excepting the cartilage-covered articu- 
lar ends, is closely invested by a fibrous, 
tough periosteum, which is highly vascular- 
ized and freely innervated. Other macro- 
scopic features reveal that the shaft, or di- 
aphysis, is capped at both ends by the 
epiphyses, and that these are separated from 
the diaphysis by an epiphyseal plate, which 
is cartilaginous. 

PHYSICAL FEATURES AND PROPERTIES. Bone 
is a hard, mineralized tissue which is slightly 
elastic and resilient and at the same time rel- 
atively light in weight for.its volume. With 
the exception of the enamel and dentin in 
the teeth, bone is the hardest structure in the 
body. It withstands tension and compression 
to a remarkable degree, but can readily be 
fractured by forces applied suddenly or 
when it becomes demineralized because of 
metabolic illness or aging. 

Fully grown, mature healthy bone is com- 
posed of two kinds of osseous tissue. One is 
dense in texture, like ivory, and is termed 
compact bone. The other consists of slender 
spicules called trabeculae, which are joined 
into a spongy structure; because of its resem- 
blance to latticework, this structure is called 
cancellous or spongy bone. The compact 
bone is always located on the exterior, sur- 
rounding the cancellous in the interior of the 
bone. The relative quantity of these two 
kinds of tissue varies in different bones and 
in different parts of the same bone, accord- 
ing to functional requirements. Examination 
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of compact bone with a hand lens shows it to 
be porous, so that the difference in structure 
between it and the cancellous bone depends 
principally upon the relative amount of solid 
matter, and the size and number of spaces in 
each. The cavities are small in compact bone 
and the solid matter between them abun- 
dant, while in the cancellous bone the 
spaces are large and the solid matter is in 
smaller quantity (Fig. 4-257). The flat tabular 
bones of the skull are composed of two 
plates of compact bone, called outer and 
inner tables, between which is a narrow 
space of spongy bone called the diploé. 
PERIOSTEUM. The periosteum (Fig. 4-257) 
adheres to the surface of the bone in every 
part except the cartilaginous extremities. 
When strong tendons or ligaments are at- 
tached to a bone, the periosteum becomes 
blended with them. The periosteum consists 
of two closely united layers. The outer 
layer is formed chiefly of collagenous tissue, 
containing occasionally a few fat cells. The 
inner layer, which can itself be separated 
into thinner layers, is formed of fine elastic 
fibers composing dense membranous net- 
works. During life bone is permeated by 
blood vessels, which course through the per- 
iosteum to achieve hard tissue. If the perios- 
teum is stripped from the surface of living 
bone, small bleeding points mark the paths 
of periosteal vessels. In young bones the per- 
iosteum is thick and exceedingly vascular 
and is intimately connected at both ends of 
the bone with the epiphyseal cartilages, but 
less closely with the shaft of the bone, from 
which it is separated by a layer of soft tissue 
containing a number of bone-forming cells, 
the osteoblasts. These cells are responsible 
for the process of ossification on the exterior 
of the young bone. Later in life the perios- 
teum is thinner and less vascular, and the 
osteoblasts are converted into an epithelioid 
layer of resting osteoprogenitor cells, which 
remain in contact with the surface of the 
bone. If a bone is injured, these cells become 
active bone-forming elements, assisting in 
regeneration and repair. Because of the rich 
distribution of periosteal vessels to the un- 
derlying bone, it is understandable why 
bone denuded of its periosteal layer is more 
subject to exfoliation and necrosis. In sum- 
mary, it should be emphasized that although 
the superficial outer fibrous layer of perios- 
teum acts as a limiting membrane upon 
which muscles, tendons, and ligaments can 
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Fic. 4-257. Portion of finger bone from which marrow has been removed to show spongy bone. 10 x. 


attach, the inner layer is a more dynamic 
and functionally oriented tissue, interfacing 
with the underlying bone and assisting in the 
support of its metabolic processes. Fine 
nerves and lymphatics, which generally ac- 
company the arteries, may also be demon- 
strated in the periosteum. 

BONE MARROW. Bone marrow is the soft, 
fatty tissue found in the medullary cavities 
of bones as well as in their cancellous ex- 
tremities. Bone marrow is widely dispersed 
and two types exist, yellow and red. Yellow 
marrow is found in the large cavities of the 
long bones. It consists for the most part of fat 
cells and a few primitive blood cells, but it 
may be replaced by red marrow in anemia. 
Red marrow is a hemopoietic tissue and is 
an important site for the production of gran- 
ular leukocytes (neutrophil, eosinophil, and 
basophil leukocytes) and red blood cells 
(erythrocytes). It is found in the flat and 
short bones, the articular ends of the long 
bones, the bodies of the vertebrae, the cra- 
nial diploé, and the sternum and ribs. Red 
marrow consists, for the most part, of mye- 


loid cells, which are primitive blood cells in 
immature stages. Macrophages, fat cells, and 
megakaryocytes (giant cells) are also always 
present. Both types of marrow consist of a 
framework of reticular connective tissue fi- 
bers through which course fine vascular si- 
nusoids which are derived from the nutrient 
vessels of the bone. The sinusoids are lined 
with phagocytic elements, and the myeloid 
cells are arranged in cord-like rows outside 
the sinusoids. The newly formed blood cells 
are able to gain access to the sinusoids and 
thereby great numbers of recently matured 
blood cells (both red and white) pass into the 
blood stream. The mechanism whereby the 
mature cells enter the blood stream and 
immature ones are held back is not known. 
The maturation of the various blood cell 
types from the more primitive undifferenti- 
ated elements is a subject that is still un- 
clear. Most accounts invoke a pluripotential 
cell type or stem cell which then differenti- 
ates into the precursor cells of the different 
myeloid elements. Additional research is 
also required to explain the various meta- 
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bolic influences that hormones and other 
systems in the body have on the process of 
hemopoiesis. 

VESSELS AND NERVES OF BONE. The arterial 
blood vessels that supply bone are numer- 
ous. Three sources of blood to bone are usu- 
ally identified: (1) a limited supply is derived 
from the periosteal arteries, (2) the majority 
of blood comes from the nutrient artery, and 
(3) in long bones, a significant supply comes 
from the epiphyseal arteries. Because the 
periosteum contains a dense network of ves- 
sels ramifying its structure, at one time it 
was thought that most of the blood supply to 
the cortex of a bone came from the perios- 
teal vessels and filtered into the Haversian 
canals from these peripheral sites. Recent 
studies, however, have shown that the circu- 
lation to at least two-thirds of the cortex 
comes from the other direction by way of 
the nutrient artery. However, it does appear 
that at a few sites, periosteal arteries supply 
more significant amounts of blood to the cor- 
tex. Additionally, if the nutrient artery is in- 
jured, the cortex is then supplied principally 
from periosteal vessels by way of anasto- 
mosing channels. The nutrient artery enters 
the shaft of a bone through a foramen in the 
compact layer. It then branches into longitu- 
dinally oriented vessels, which supply the 
bone marrow and spongy tissue as far as the 
epiphyseal plates. A single nutrient artery 
may exist as in the tibia, but there may be 
several as in the femur. The nutrient artery 
is usually accompanied by one or two veins. 
The ends of long bones aré supplied by met- 
aphyseal and epiphyseal arteries. These epi- 
physeal vessels pass into the marrow Cavi- 
ties of the epiphyses, and they, along with 
the metaphyseal arteries, anastomose in the 
region of the epiphyseal plate with fine 
branches from the nutrient artery. 

The venous blood vessels that drain bone 
are quite comparable anatomically to the 
arteries that supply it. In long bones these 
emerge in three places: (1) one or two nutri- 
ent veins accompany the artery; (2) numer- 
ous large and small veins emerge at the artic- 
ular extremities as epiphyseal veins, and 
(3) many small veins pass out of the compact 
substance as periosteal veins. It appears that 
the periosteal veins drain a greater percent- 
age of blood than once was thought, and the 
nutrient veins drain less. Thus, the drainage 
pattern is physiologically different from the 
arterial supply, even though anatomically 
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comparable vessels are found. In the flat cra- 
nial bones the veins are large, very numer- 
ous, and run in tortuous canals in the diploic 
tissue. The sides of these canals are formed 
by thin lamellae of bone which are perfo- 
rated, allowing the passage of adjacent 
veins. This pattern is similar to that seen in 
other cancellous tissue—finely coated veins 
being enclosed and supported by osseous 
material. When a bone is divided, the vessels 
remain patent, and do not contract in the 
canal in which they are contained. 

Lymphatic vessels can be identified in the 
periosteal covering of bone accompanying 
the periosteal vessels, but are much more 
difficult to demonstrate in bone tissue itself. 
There have been claims, however, of their 
existence in the Haversian canals. 

Nerve fibers are distributed freely to the 
periosteum, and accompany blood vessels 
into the interior of the bone. They appear to 
be most numerous in the articular extremi- 
ties of the long bones, in the vertebrae, and 
in the larger flat bones. Both myelinated and 
unmyelinated fibers have been demon- 
strated, and it is probable that they are not 
only vasomotor but sensory in function. 


MICROSCOPIC STRUCTURE OF BONE 


A transverse slice of compact bone may be 
further ground until it is sufficiently thin to 
be examined under the light microscope. At 
low magnification, the bone will be seen to 
be mapped out into a number of circular 
units, each consisting of a central opening 
surrounded by a number of concentric rings 
(Fig. 4-258). These units are termed Haver- 
sian systems, and the central opening is an 
Haversian canal. The rings are layers of 
bony tissue arranged concentrically around 
the central canal, and termed lamellae. 
Moreover, on closer examination it is found 
that between these lamellae, and therefore 
also arranged concentrically around the cen- 
tral canal, are a number of small spaces, the 
lacunae, and that these lacunae are con- 
nected with each other and with the central 
Haversian canal by many fine channels, 
which radiate like the spokes of a wheel and 
are called canaliculi (Fig. 4-259). Within the 
lacunae are the cell bodies of the bone cells, 
or osteocytes, and the canaliculi contain the 
cytoplasmic processes of the osteocytes. Be- 
tween the more regularly oriented circular 
(in transverse section) Haversian systems are 
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Fic. 4-258. ‘Transverse section of compact dried bone taken from the diaphysis of the tibia. Observe that bone 
consists of lamellae arranged in concentric layers which form the Haversian systems and between these systems are 
the interstitial lamellae. Inner and outer circumferential lamellae form the surface layers of bone. Stain: Aniline blue. 
80 x. (From di Fiore, Atlas of Human Histology, Lea & Febiger, Philadelphia, 1981.) 
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Fig. 4-259. Cross section of an Haversian system showing its central canal, the lacunae which contain cell bodies of 


osteocytes and the intercommunicating canaliculi. Specimen is from human femur. (From Greep and Weiss, Histology, 
3rd Edition, McGraw-Hill, New York, 1973.) 
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irregularly shaped bony intervals, which 
also contain lacunae and canaliculi filled 
with osteocytes and their processes. These 
are Called the interstitial systems, and they 
also reveal a lamellar structure created by 
the more or less curved interstitial lamellae. 
Additionally, other lamellae are found on 
the surface of the bone and are arranged 
parallel to its circumference. They are 
termed circumferential, or primary lamellae, 
to distinguish them from those surrounding 
the axes of the Haversian canals, which may 
then be termed secondary lamellae (Fig. 
4-258). 

HAVERSIAN CANALS. The Haversian canals, 
which in cross section are observed as open- 
ings in the center of each Haversian system, 
appear as true canals in a longitudinal sec- 
tion (Fig. 4-260). The canals course parallel 
with the longitudinal axis of the bone for a 
short distance. The Haversian canals com- 
municate with each other and with the sur- 
faces of the bone by oblique or transversely 
crossing channels called Volkmann’s canals. 
Haversian canals vary considerably in size, 
some measuring as much as 0.12 mm in di- 
ameter, but their average diameter is about 
0.05mm. The canals nearer the medullary 
cavity are larger than those closer to the sur- 
face of the bone. Each canal contains one or 
two small blood vessels surrounded by a 
small quantity of delicate connective tissue 
and some nerve filaments. Those Haversian 
canals near the surface of the bone open 
upon it by minute orifices, and those near 
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the medullary cavity similarly open into this 
space. Thus, it can be appreciated that the 
entire bone is permeated by a system of 
blood vessels that course through the bony 
canals in the centers of the Haversian sys- 
tems. The blood vessels branch and course 
through the Volkmann canals, thereby form- 
ing an interconnecting vascular network. 
BONY LAMELLAE. One of the most charac- 
teristic features of bone is its layered struc- 
ture. These layers, or lamellae, are thin 
plates of bone tissue arranged around a cen- 
tral hollow cylinder called the Haversian 
canal. The lamellae are composed of collage- 
nous bundles arranged in a parallel direc- 
tion within each layer. The bundles of col- 
lagen in adjacent lamellae, however, are 
oriented in different directions. It does not 
appear that a simple perpendicular arrange- 
ment of collagen bundles exists in adjacent 
layers. Instead it is believed that the collagen 
fibers are arranged in a helical manner in 
each layer, and that the pitch of the helix 
changes in bundles of adjacent layers. None- 
theless, in a cross section of stained decalci- 
fied bone, lamellae with bundles cut longitu- 
dinally appear striated, and these alternate 
with lamellae in which the bundles of fibers 
are cut transversely, giving a more punctate 
appearance. In addition to the Haversian 
system lamellae, bones contain interstitial 
lamellae occupying the spaces between the 
Haversian systems, as well as the outer and 
inner circumferential lamellae, which form 
an external encasement of a bone as well as 





Fic. 4-260. Longitudinal section of compact bone tissue. Note that the Haversian canals communicate with each 
other by means of transverse channels called Volkmann's canals. 
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the bony layers lying subjacent to the endos- 
teal lining in the central core of a bone. In all 
these sites the microanatomy of the lamellae 
is similar. Between the bundles of collage- 
nous fibers and between the lamellae are 
found a darker staining amorphous extracel- 
lular substance containing deposits of cal- 
careous salts. In many places the lamellae 
appear to be pinned together by perforating 
fibers, which run obliquely through them. 
Similar fibers, called Sharpey’s fibers, ex- 
tend from the surface of a bone into the 
substance of the periosteum, anchoring the 
latter to the bone. These perforating fibers 
may be demonstrated in the dissecting room 
by detaching the scalp from the calvaria, 
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which then is covered by fine projections 
(Sharpey’s fibers) as well as coarser projec- 
tions containing minute blood vessels. 
LACUNAE AND CANALICULI. The lacunae are 
oblong spaces situated between the lamel- 
lae. In a microscopic section of dried bone, 
viewed by transmitted light, lacunae appear 
as fusiform opaque spots. Each lacuna is 
occupied during life by a bone cell or osteo- 
cyte, processes of which extend into the can- 
aliculi, which are exceedingly minute chan- 
nels that cross the lamellae and connect 
the lacunae with neighboring lacunae and 
also with the Haversian canal (Fig. 4-259). In 
the center of an Haversian system, a number 
of canaliculi radiate from the Haversian 
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Fig. 4-261. Two osteoblasts, with nuclei identified N1 and N2, are located above and to the left and in the lower part 
of this electron micrograph. The cells lie adjacent to a mass of fully calcified bone B, which then continues to the left 
as more recently deposited incompletely calcified preosseous matrix. Observe the profuse amount of endoplasmic 
reticulum in the cytoplasm of the osteoblasts along with a prominent Golgi complex, G. Arrows point to processes of 
osteoblasts which extend into the area of bone calcification. 9200 x. (From Hancox, N.M.. Biology of Bone, Cambridge 


University Press, London, 1972.) 


HISTOLOGIC STRUCTURE OF CONNECTIVE TISSUES 321 





Fig. 4-262. An osteocyte within a lacuna surrounded by fully developed bone. Note that the endoplasmic reticulum is 
sparse and the Golgi complex not well developed. Arrows point to irregularities on the cell surface which are sites of 
extensions of osteocyte processes destined toward the canaliculi. The lacunar wall in this specimen is not fully 
mineralized. 10,000 x. (From Cameron, D.H. in The Biochemistry and Physiology of Bone, Vol. 1, ed. G.H. Bourne, 


Academic Press, New York, 1972.) 


canal and open into the first set of lacunae 
between the first and second lamellae. From 
these lacunae a second set of canaliculi pro- 
ceed to the next series of lacunae, and so on 
until the periphery of the Haversian system 
is reached. The canaliculi radiating from the 
most peripheral series of lacunae do not as 
a rule communicate with the lacunae of 
neighboring Haversian systems, but after 
passing outward for a short distance, they 
form loops and return to their own lacunae. 
Thus, every part of an Haversian system is 
supplied with nutrient fluids derived from 
the vessels in the Haversian canal and dis- 
tributed through the canaliculi and lacunae. 

cetts of Bone. The cellular elements in 
bone are distinguishable as probably four 
functional variants in the same cellular line- 
age. Bone cells transform from osteopro- 
genitor cells to osteoblasts, which then be- 
come osteocytes, the principal cells of adult 
bone. Osteoclasts, which are responsible for 
bone resorption, constitute the fourth cell 


variant in bone. Although their origin is not 
certain, it is felt that osteoclasts, which are 
giant multinucleated cells, arise from the 
coalescence of many mononuclear osteo- 
progenitor cells. 

Like all other cells in connective tissue, 
bone cells develop from the mesenchyme. 
Osteoprogenitor cells are relatively undiffer- 
entiated celis which line the inner aspect of 
the periosteum as well as help to form the 
endosteal lining of the inner bone cavity. 
These cells also line the Haversian canals. 
Osteoprogenitor cells undergo mitosis and 
can be transformed into osteoblasts or they 
can coalesce to form osteoclasts. They are 
flat cells and lie directly on the surface of 
bone. They have oval nuclei and a relatively 
scanty cytoplasm. 

Osteoblasts are bone-forming cells and 
therefore are always found at the interface 
between bone and cartilage in developing or 
growing bone or at the site of repair in an 
injured bone. During an active phase, these 
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Fic. 4-263. A portion of an osteoclast including part of a nucleus, several Golgi elements and mitochondria. Observe 
in the lower part of the micrograph the ruffled border of the osteoclast closely applied to an area of bony matrix which 
is being resorbed. (From Bloom and Fawcett, A Textbook of Histology, W. B. Saunders Co., Philadelphia, 1975. 
Electron micrography by Dr. P. R. Garant.) 
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cells appear as a layer of low columnar cells 
and they assume an epithelial-like structure. 
Osteoblasts are active secretory cells, and 
therefore it is not surprising that electron 
microscopic studies have revealed their ex- 
tensive rough endoplasmic reticulum and 
prominent Golgi complex (Fig. 4-261). Both 
cytoplasm and nucleus of the osteoblasts are 
intensely basophilic. Upon completion of 
bone growth or bone regeneration, osteo- 
blasts become surrounded by the matrix 
they secrete and become encased in lacunae, 
thereby assuming the characteristics of oste- 
OCVLES: 

Osteocytes are the principal cells found in 
fully developed bone. They occupy the lacu- 
nae and their processes pass into the sur- 
rounding canaliculi. With the light micro- 
scope only the nucleus is easily discernible 
with the lacuna. They vary in size, being 
somewhat larger in younger bone than older. 
With the electron microscope it has been 
shown that the processes of adjacent osteo- 
cytes form contacts with each other, an indi- 
cation of their functional interrelationship 
rather than an isolated action. Osteocytes 
have a more limited amount of rough endo- 
plasmic reticulum than do osteoblasts (Fig. 
4-262), and it is believed that they participate 
in the passage of calcium from blood to 
bone. They apparently respond to circulat- 
ing parathyroid hormone, which induces an 
increased removal of calcium from bone in a 
process that has been called osteolysis. 

Osteoclasts are giant multinucleated cells 
that appear to be actively involved in the 
process of bone resorption. They are gener- 
ally found in shallow spaces called Howship’s 
lacunae. Osteoclasts possess finger-like in- 
folded extensions of the cytoplasm adjacent 
to the bone surface being resorbed, forming 
what has been termed their fluffy or ruffled 
border (Fig. 4-263). The portion of the cell 
away from the ruffled border is more apt to 
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contain the many nuclei of the cell. The cy- 
toplasm near the nuclei also contains multi- 
ple Golgi complexes. The manner by which 
these cells resorb bone is still unclear, but it 
is believed that they can secrete hydrolytic 
enzymes that are capable of disintegrating 
and digesting bone. 

CHEMICAL COMPOSITION OF BONE. Bone 
consists of an organic and an inorganic part 
intimately combined. 

The organic part may be isolated by im- 
mersing a bone for a considerable time in 
dilute mineral acid, after which the bone re- 
tains its original shape but becomes com- 
pletely flexible. This flexibility may be dem- 
onstrated, for example, by a long bone such 
as a rib, which can easily be tied into a knot 
after it has been demineralized. If then a 
transverse section is made, the same general 
arrangement of the Haversian canals, lamel- 
lae, lacunae, and canaliculi is seen. The or- 
ganic part of bone consists of the cells, the 
collagen fibers, and the amorphous ground 
substance which contains glycoproteins. 

The inorganic part may be separately ob- 
tained by calcination, a process by which all 
the organic constituents are completely 
burnt away. The bone will still retain its 
original form, but it will be white and brittle, 
will have lost about one-third of its original 
weight, and will crumble with the slightest 
force. The structure of the principal mineral 
in bone is most closely similar to the sub- 
stance hydroxyapatite. This is a form of cal- 
cium phosphate, but bone also contains car- 
bonate and citrate ions as well. Elements 
such as fluoride, strontium, and isotopes of 
calcium and phosphorus can be substituted 
into the chemical makeup of bone mineral. 
The crystals of mineral are extremely small 
but may be visualized with the electron mi- 
croscope. The inorganic part confers to bone 
its hardness and rigidity, while the organic 
part gives bone its resilience and tenacity. 
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The 


Joints 


Articulations, or joints, are specialized ana- 
tomical structures at which the ends of cer- 
tain bones are joined or the borders of other 
bones juxtaposed. These osseous junctions 
are secured by ligaments, fibrous capsules, 
and other binding tissues which restrict 
movement or permit varying degrees of 
movement. Joints vary widely in their struc- 
ture, frequently presenting unique morpho- 
logical features adapted to specific func- 
tional requirements. 

The study of joints is called arthrology, 
and it is initially of practical importance for 
the student to realize that movement does 
not occur in all joints. In immovable articu- 
lations, the bones are held together by sev- 
eral fibrous layers. These joints are called 
sutures and they are peculiar to the skull. 
The adjacent margins of the skull bones are 
serrated and interlocked, being separated 
merely by the thin, fibrous sutural ligament. 
In certain regions at the base of the skull this 
fibrous membrane is replaced by a layer of 
cartilage. These are joints adapted for 
growth of the brain. In the developing and 
maturing infant the brain is enclosed by a 
membrane destined to ossify. The mem- 
branes of the cranial bones are in contact 
peripherally and ossify from more central- 


ized sites. After the completion of brain 
growth, the sutures close and become un- 
yielding, thereby forming the rigid cranial 
vault. A comparable, but not identical, situa- 
tion exists in many limb bones between the 
ossifying epiphyses and diaphyses. These 
junctions, temporarily cartilaginous, become 
ossified after allowing full growth of the 
maturing limb. 

In contrast to joints adapted for growth 
are joints adapted for movement. At certain 
joints slight movement combined with great 
strength is required. In most of these articu- 
lations the osseous surfaces are united by 
tough and flexible fibrocartilages as in the 
joints between the vertebral bodies, and in 
the interpubic articulation. In the freely 
movable joints the bony surfaces are com- 
pletely separated, and the ends of the bones 
are expanded or so contoured as to facilitate 
the connection. Additionally, the osseous 
surfaces are covered by cartilage and envel- 
oped by capsules of fibrous tissue. The cells 
lining the interior of the fibrous capsule 
form the synovial membrane which secretes 
a lubricating fluid. The joints are strength- 
ened by strong fibrous bands, the ligaments, 
which extend between the bones. 


Development of the Joints 


The development of the joints naturally 
is related to the development of the skeletal 
elements that they interconnect. Because the 
skeleton forms from mesoderm, it follows 
that the tissues forming the joints are also 
derived from this germ layer. The develop- 
ment of the intervertebral joints occurs si- 
multaneously with the development of the 
vertebrae. As discussed in Chapter 4, these 
bones form from a column of mesoderm 
which becomes divided into sclerotomes 
along the central axis of the embryo. The in- 
tervertebral discs, which become interposed 
between the vertebral bodies, also form 
from the sclerotomes. From the sides of the 
embryo, limb buds develop at the end of the 
fourth week, and shortly after their appear- 
ance, central cores of mesoderm form con- 
tinuous axes throughout their length. At first 
the mesoderm from which the different parts 
of the skeleton will form shows no differen- 
tiation between the masses that will corre- 
spond to the individual bones. During the 
fifth week, however, circumscribed conden- 
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sations of mesenchyme appear within the 
mesodermal core of the limb bud and pre- 
sent the first indications of the bones of the 
limbs. Within these condensations of mesen- 
chyme, chondrogenic centers appear, one 
for each future bone. The mesenchyme in- 
tervening between the chondrifying skeletal 
elements is initially a homogeneous undif- 
ferentiated region called the interzone 
(FiowSaleaG 

The manner in which the interzone mes- 
enchyme develops further into a joint de- 
pends on the type of joint being formed. The 
mesenchyme may be converted into white 
fibrous tissue, as_in the case of the skull 
bones, a fibrous joint being the result. In 
contrast, it may form hyaline cartilage or fi- 
brocartilage, in which case a slightly mova- 
ble cartilaginous joint is formed. The inter- 
zone of a developing, freely movable, 
synovial joint consists of three layers, two of 
which are chondrogenic, each continuous 
with the perichondrium and capping the 
ends of the developing cartilage. Between 
these two layers is an intermediate loose 
layer of mesenchyme (Fig. 5-1,B). Surround- 
ing the interzone are layers of condensing 
mesenchyme, which become the articular 
fibrous capsule, and interposed between the 
interzone and the capsule is the synovial 
mesenchyme. During the sixth week small 
cavities appear in the intermediate mesen- 
chyme layer of the interzone and in the sy- 
novial mesenchyme (Fig. 5-1,C). As these cav- 
ities coalesce, the joint cavity is formed. On 
the inner surface of the fibrous capsule, the 
mesenchymal cells differentiate into a meso- 
thelial lining, forming the synovial mem- 
brane (Fig. 5-1,D). 

The tissue surrounding the original meso- 
dermal core forms the perichondrial and 
periosteal fibrous sheaths for the developing 
bones. These sheaths are continuous with 
the articular fibrous capsule which overlies 
the synovial membrane and encases the joint 
cavity. All parts of a joint capsule are not of 
uniform thickness, so that in them may be 
recognized especially strengthened bands, 
which become ligaments. Additional liga- 
mentous bands are at times formed by rem- 
nants of tendons surrounding the joint. 

In several of the movable joints the inter- 
mediate layer mesenchyme of the interzone 
between the ends of the bones does not be- 
come completely absorbed, but persists to 
form fibrous or cartilaginous elements. Some 


of these elements, such as the menisci of the 
knee joint or the temporomandibular joint, 
become intimately associated in their devel- 
opment with the muscles surrounding the 
joint. Other cartilaginous structures, such as 
the articular disc of the sternoclavicular 
joint, significantly strengthen the articula- 
tion, intervening between the ends of the 
bones in such a manner as to form two joint 
Cavities. 


Classification of Joints 


It has already been mentioned that joints 
may be classified according to those adapted 
for growth and those adapted for movement. 
The former are immovable joints, while 
among the latter are included the slightly 
movable and freely movable joints. Al- 
though all joints can be listed within these 
two functional categories, little information 
about the anatomical nature of the joints is 
conveyed by such a classification. Because 
of the uniqueness of many articulations, 
however, no completely adequate classifica- 
tion scheme has been devised that covers 
the many individual differences among the 
joints. Perhaps the most frequently utilized 
classification system, and one officially rec- 
ognized by the Nomina Anatomica, is de- 
pendent strictly on the morphological char- 
acteristics of the joints. This schema 
recognizes that principally three types of tis- 
sue separate the ends of bones in the differ- 
ent joints: fibrous tissue, cartilage, or syno- 
vial membranes. Thus, it distinguishes: 
(1) fibrous joints (many of which are immov- 
able; synarthroses); (2) cartilaginous joints 
(slightly movable; amphiarthroses); and 
(3) synovial joints (freely movable: diar- 
throses). 


FIBROUS JOINTS 


The fibrous joints include all those articu- 
lations in which the surfaces of the bones 
are nearly in direct contact, and in which the 
adjoining bones are fastened together by fi- 
brous connective tissue. There are three va- 
rieties of fibrous joints: syndesmoses, su- 
fures, and gomphoses. In many of these 
joints there is no appreciable movement, as 
in those articulations between the bones of 
the skull which form the cranial vault. How- 
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Fic. 5-1. Schematic diagrams showing the developmental stages of a synovial joint. In A, the cartilaginous models of 
the developing bone are separated by a homogeneous region, the interzone. As shown in B, the interzone soon becomes 
transformed into two chondrogenic layers continuous with the perichondrium and separated by an intermediate layer 
of mesenchyme. Condensation of the mesenchyme laterally forms a primitive joint capsule within which small cavi- 
ties appear, C, and then coalesce, D, to form the joint cavity, while the articular capsule differentiates into an inner 


synovial layer and an outer fibrous layer. (Modified from Langman, J., Medical Embryology, Williams and Wilkins, 
1963.) 
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ever, very limited movement is permitted in 
syndesmoses (such as the inferior tibiofibu- 
lar joint) and in the gomphoses (which are 
the joints between the roots of the teeth and 
their bony sockets). 

SYNDESmoSES. A syndesmosis is usually 
described as a type of articulation in which 
two bones are joined by an interosseous liga- 
ment formed of fibrous connective tissue. 
Such a joint generally allows a limited de- 
gree of movement. Examples of syndesmo- 
ses are the inferior tibiofibular joint and the 
articulation between the base of the stapes 
and the margin of the vestibular window in 
the middle ear. More broadly considered, 
the syndesmoses could include any number 
of slightly movable skeletal unions which 
are interconnected by fibrous ligaments and 
which do not contain synovial sacs or inter- 
vening cartilaginous discs. Thus, it would 
also be reasonable to include as syndesmo- 
ses such ligamentous unions as those be- 
tween the parallel borders of the tibia and 
fibula and those between the radius and ulna 
formed by the interosseous membranes of 
the leg and forearm. Similarly, the coraco- 
clavicular union, as well as others, could be 
regarded as syndesmoses. These latter 
unions, however, were not classified as 
joints in the Nomina Anatomica, but were 
considered simply as ligamentous attach- 
ments. Under this exceedingly narrow defi- 
nition, the inferior tibiofibular joint is the 
only syndesmosis in the human body. 

SUTURES. A suture is an articulation in 
which the contiguous margins of the bones 
are united by a thin layer of fibrous tissue 
(Fig. 5-2). Sutures are found only between 
bones in the skull (cranial and facial). The 
fibrous sutural ligament interposed between 
the bony edges derives from the nonossify- 
ing portions of the membranes within which 
the cranial bones develop. It should be noted 
that after maturation, active bone deposi- 
tion, or synostosis, partially or completely 
obliterates the sutural line, a process that 
continues with aging. Study of the histologi- 
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Fig. 5-2. Vertical section through the sagittal suture. 


cal structure of sutures has shown that each 
apposing periosteal edge is formed by a 
layer of osteogenic cells overlaid by fibrous 
tissue. Between the two periosteal fibrous 
coverings is a looser vascularized fibrous 
tissue (Pritchard, Scott, and Girgis, 1956). 

In certain sutures the margins of the bones 
are connected by a series of indented proc- 
esses which are interlocked. Three varieties 
of interlocking sutures can be distinguished: 
denticulated, serrated, and limbous. A den- 
ticulate suture, as its name implies, is 
formed by a consecutive series of tooth-like, 
projecting processes from each side, which 
frequently measure 5mm or more, and 
which interconnect securely across the joint. 
The sagittal suture between the two parietal 
bones is an example of a denticulate suture. 
In a serrate suture, as between the two por- 
tions of the frontal bone, the edges of the 
apposing bones show somewhat more regu- 
lar and shorter projections, resembling the 
teeth of a fine saw. A limbous suture not 
only presents interlocking serrated edges, 
but also a certain degree of bevelling of the 
articular surfaces, so that the bones overlap, 
as in the coronal suture between the parietal 
and frontal bones. 

In other sutures the articulation is formed 
by the rough surfaces of bones without 
serrated edges, which are placed in apposi- 
tion to one another. There are two types of 
these nonindented sutures, called squamous 
and plane. A squamous suture is character- 
ized by an overlapping of the contiguous 
bones along broad bevelled margins, as in 
the squamosal suture between the temporal 
and parietal bones. A plane suture is simply 
an apposition of contiguous rough surfaces, 
which are neither bevelled nor indented, as 
in the articulation between the maxillae, or 
between the horizontal plates of the palatine 
bones. 

Finally, the term schindylesis is used for a 
type of suture in which a thin plate of one 
bone is received into a cleft or fissure 
formed by the separation of two laminae in 
another bone. Examples of this type of su- 
ture are the articulations of the rostrum of 
the sphenoid bone and the perpendicular 
plate of the ethmoid bone with the vomer. 
Also, the reception of the vomer in the fis- 
sures between the maxillae and between the 
palatine bones is considered a schindylesis. 

GOmPHOSES. A gomphosis is an articula- 
tion that results from the insertion of a coni- 


cal process into a socket. This more special- 
ized type of articulation does not occur 
between bones, strictly speaking, but is seen 
in the fibrous union of the roots of the teeth 
with the alveoli of the mandible and max- 


illa. 


CARTILAGINOUS JOINTS 


In a cartilaginous joint the bones are 
united either by a plate of hyaline cartilage 
or by a fibrocartilaginous disc. There are two 
varieties: synchondroses and symphyses. 

SYNCHONDROSES. A typical synchondro- 
sis is a temporary form of joint (Fig. 5-3), for 
the intervening hyaline cartilage is con- 
verted into bone before adult life. Such 
joints are found between the epiphyses and 
diaphyses of long bones, between the occipi- 
tal and the sphenoid bones at birth and for 
some years after, and between the petrous 
portion of the temporal bone and the jugular 
process of the occipital bone. Still another 
example of a synchondrosis is the Y-shaped 
union of the ilium, ischium, and pubis that 
forms the cup of the acetabulum. 

SYMPHYSES. A symphysis is the union of 
two contiguous bony surfaces connected by 
a broad, flattened disc of fibrocartilage, as in 
the articulations between the bodies of the 
vertebrae or the two pubic bones (Fig. 5-4). 
Frequently, the fibrocartilaginous disc is 
separated from the bone by thin layers of 
hyaline cartilage. Although limited move- 
ment occurs at a symphysis, it appears to 
depend on the thickness of the fibrocartilagi- 
nous disc as well as on its degree of elastic- 
ity. The slight movements that occur be- 
tween the bodies of the vertebrae result in 
the flexibility of the vertebral column. Mo- 
bility of the interpubic joint is also of some 
importance in parturition. The anatomical 
structure of intervening discs can vary quite 
widely in different symphyses. An interver- 
tebral disc contains a soft gelatinous center, 
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Fig. 5-3. Section through occipitosphenoid synchon- 
drosis of an infant. 
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Fig. 5-4. Diagrammatic section of a symphysis. 


called the nucleus pulposus, which lends 
resilience to the joint. In contrast, the inter- 
pubic joint sometimes contains a small 
fluid-filled cavity. Another symphysis in the 
body is the manubriosternal joint. 


SYNOVIAL JOINTS 


Synovial joints are highly evolved articu- 
lations which permit free movement. Be- 
cause the human lower limbs are concerned 
with locomotion and the upper limbs pro- 
vide a great versatility of movement, it is not 
surprising that most of the joints in the ex- 
tremities are of the synovial type. In contrast 
to fibrous and cartilaginous joints where the 
ends of the bones are bound in continuity 
with intervening tissue, the ends of the 
bones in a synovial joint are in contact, but 
separate. Because the bones are not bound 
internally, the integrity of a synovial joint 
results from its ligaments and capsule, 
which bind the articulation externally, and 
to some extent from the surrounding mus- 
cles. The contiguous bony surfaces are cov- 
ered with hyaline cartilage, and the joint 
cavity is surrounded by a fibrous capsule, 
the inner surface of which is lined by a syno- 
vial layer containing cells that are thought to 
secrete the viscous lubricating synovial fluid 
(Fig. 5-5). 
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Fig. 5-5. Diagrammatic section of a synovial (diarthro- 
dial) joint. The black area represents the joint cavity. 
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In certain synovial joints, the joint or sy- 
novial cavity may be divided, completely or 
incompletely, by an articular disc or menis- 
cus (Fig. 5-6). Such discs are fibrocartilagi- 
nous, but unlike those seen in cartilaginous 
joints, intra-articular discs of synovial joints 
are not connected to the ends of the bones, 
but are continuous at their periphery with 
the fibrous capsule. The nonarticular sur- 
faces of such a disc are covered by the syno- 
vial membrane, and thus when the joint is 
completely divided by a disc, as is the tem- 
poromandibular joint, two joint cavities are 
found within the fibrous capsule. Synovial 
joints involving two bones and containing a 
single joint cavity are sometimes referred to 
as simple joints; joints that contain an artic- 
ular disc, thereby forming two joint cavities, 
are called composite joints. The term com- 
pound joint is used for those articulations in 
which more than a single pair of articulating 
surfaces are present. 

The varieties of synovial joints have been 
classified by the types of active motion that 
they permit (uniaxial, biaxial, and poly- 
axial), but are differentiated further accord- 
ing to their principal morphological features 
(hinge, pivot, condyloid). In some joints the 
movement is uniaxial, that is to say, all 
movements take place around one axis. 
Among these are the ginglymus or hinge 
joint, in which the axis of movement is, for 
all practical purposes, transverse to the axes 
of the bones, and the trochoid or pivot joint, 
in which the axis is longitudinal. In other 
varieties the movements are biaxial, or 
around two axes at a right angle or any other 
angle to each other. These include the con- 
dyloid, the ellipsoid, and the saddle joints. 
There is one type of joint in which the move- 
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Fig. 5-6. Diagrammatic section of a synovial joint with 
an articular disc. The two black areas represent the joint 
cavities separated by the disc. 


ments are polyaxial, the spheroidal or ball- 
and-socket joint, at which movements are 
permitted in an infinite number of axes. Fi- 
nally, there are the plane or gliding joints. 

GINGLYMUS OR HINGE JOINT. The articular 
surfaces of a ginglymus joint are molded to 
each other in such a manner as to permit 
motion in only one plane, around the trans- 
verse axis. Although these joints are uniax- 
ial, they frequently permit a considerable 
degree of motion. Flexion at the elbow joint, 
for example, can reduce the angle between 
the forearm and arm from about 180° to less 
than 45° in the fully flexed position. The di- 
rection that the distal bone takes in this 
motion is seldom in exactly the same plane 
as that of the axis of the proximal bone, be- 
cause there is frequently a certain deviation 
from the straight line during flexion. The 
bones of a hinge joint are usually connected 
by strong collateral ligaments, which form 
their chief bond of union. In addition to the 
elbow joint, other examples of ginglymus 
joints include the interphalangeal joints of 
both the fingers and toes. 

TROCHOID OR PIVOT JOINT. Movement ina 
trochoid or pivot joint also occurs around a 
single axis, which in these joints is the longi- 
tudinal axis. Trochoid joints are formed by a 
bony pivot-like process surrounded by a lig- 
amentous ring, which may also be partly 
bony. Movement of the joint occurs as the 
pivot turns within the ring, or as the ring 
turns around the pivot, in both instances 
around the longitudinal axis. There are sev- 
eral pivot joints in the human body. In the 
proximal radioulnar articulation, the ring is 
formed by the radial notch of the ulna and 
the annular ligament. The head of the radius 
forms the pivot, which rotates within the 
ring. In the articulation of the dens of the 
axis with the atlas, the ring is formed in 
front by the anterior arch of the atlas, and 
posteriorly by the transverse ligament of the 
atlas. In this joint the ring turns around the 
bony pivot or dens. The distal radioulnar 
joint is also of the trochoid type. 

CONDYLAR JOINT. In a condylar joint 
movement occurs principally in one plane, 
and although a slight degree of rotation can 
also occur at an axis at right angles to that of 
the principal movement, the rotation is se- 
verely limited by the disposition of the liga- 
ments and tendons associated with the joint. 
In these joints, a pair of convex condyles are 
received in appropriately shaped concavi- 
ties. The tibiofemoral articulation of the 


knee joint is an example of the condylar 
joint. 

ELLIPSOID JOINT. Ellipsoid joints allow 
movements around two principal axes which 
are at right angles to each other. In these 
joints an oval convexity is received into an 
elliptical concavity, allowing a  flexion- 
extension mobility as well as abduction- 
adduction movements. A combination of 
these movements results in circumduction, 
but there is little if any rotation around the 
third axis because of the ellipsoid shape of 
the articulating surfaces. Examples of ellip- 
soid joints include, among others, the radio- 
carpal and metacarpophalangeal joints. 

SADDLE JOINT. In saddle (or sellar) joints 
the articular end of the proximal bone is 
concave in one axis and convex in a perpen- 
dicular axis. These surfaces fit reciprocally 
into convex and concave surfaces of the dis- 
tal bone. Movements at such a reciprocally 
apposed concavoconvex articular surface 
are the same as in ellipsoid joints, that is, 
flexion, extension, adduction, abduction, 
and circumduction are allowed. A modest 
degree of axial rotation is seen as well, espe- 
cially in conjunction with the principal 
movements. The best example of a saddle 
joint is the carpometacarpal joint of the 
thumb. 

SPHEROID OR BALL-AND-SOCKET JOINT. A 
spheroid or ball-and-socket joint is one in 
which the distal bone is capable of motion 
around an indefinite number of axes, which 
have one common center. It is formed by the 
reception of a globular head into a cup-like 
cavity; however, the so-called sphere does 
not have the same diameter in all directions, 
and hence is slightly ellipsoid in shape. The 
ereater the depth of the socket, the more 
stable the joint, but a deeper socket also re- 
sults in more limited movement. Examples 
of this form of articulation are found in the 
hip and shoulder joints. 

PLANE OR GLIDING JOINT. A plane or elid- 
ing joint allows only a slight slipping or slid- 
ing of one bone over the other. Such a joint 
is formed by the apposition of plane sur- 
faces, or of one slightly concave and the 
other slightly convex surface. The amount of 
motion between the surfaces is limited by 
the ligaments or osseous processes that sur- 
round the articulation. It is the form present 
in the joints between the articular processes 
of certain vertebrae, the carpal joints (ex- 
cept that of the capitate with the scaphoid 
and lunate), and the intermetatarsal Joints. 


MOVEMENTS AT JOINTS 335 


Movements at Joints 


The movements admissible in joints may 
be divided into four types: gliding and angu- 
lar movements, circumduction, and rotation. 
Often, however, these movements are com- 
bined in varying degrees within joints to 
produce an infinite variety, and seldom is 
only a single type of motion found in any 
particular joint. 

GLIDING MOVEMENT. Gliding movement is 
the simplest type of motion that can take 
place in a joint, one surface gliding or mov- 
ing over another without any significant an- 
gular or rotatory movement. The gliding 
movement is frequently combined with 
other movements at many joints, but in 
some, as in most of the intercarpal and inter- 
metatarsal articulations, it is the principal 
motion permitted. This movement is not 
confined to plane surfaces, but may exist 
between any two contiguous bony surfaces, 
of whatever shape. 

ANGULAR MOVEMENT. Angular movements 
increase or decrease the angle between two 
adjoining bones. Flexion-extension and ab- 
duction-adduction are the common exam- 
ples, each pair of movements acting in dif- 
ferent axes which are at right angles. 

Flexion occurs when the angle between 
two bones is decreased. A typical example is 
the bending of the upper extremity at the 
elbow. In some instances rather arbitrary 
definitions must be given. For example, 
bringing the femur forward or ventrally at 
the hip is flexion, but this motion includes 
the entire arc beginning in a position with 
the limb held back and then brought for- 
ward, as in kicking an American football, 
and also includes approximating the thigh 
against the anterior aspect of the trunk. Flex- 
ion at the knee approximates the calf and the 
posterior thigh, while the term dorsiflexion 
is used for the movement at the ankle joint 
that attempts to bring the dorsal foot in 
proximity to the anterior leg. Flexion of the 
interphalangeal joint of the thumb tends to 
approximate the palmar surfaces of the two 
segments of that digit, while flexion of the 
metacarpophalangeal joint of the thumb 
brings that digit across the surface of the 
palm. 

Extension occurs when the angle between 
the bones is increased, as when the forearm 
is aligned to the arm, and generally is the 
action opposite flexion. Hyperextension is 
the term used for moving through an arc in 
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the same direction, but beyond the straight 
position, as in bringing the arm back before 
launching a bowling ball. Plantar flexion of 
the foot at the ankle joint is the opposite of 
dorsiflexion, and by this action an attempt is 
made to approximate the plantar surface of 
the foot with the calf. 

Abduction occurs when a limb is moved 
away from the midsagittal plane of the body, 
or when the fingers and toes are moved away 
from the median longitudinal axis of the 
hand or foot. An exception is abduction at 
the carpometacarpal joint of the thumb, 
where abduction is that action by which the 
thumb is elevated anterior to the palm. 

Adduction occurs when a limb is moved 
toward or beyond the midsagittal plane or 
when the fingers or toes are moved toward 
the median longitudinal axis of the hand or 
foot. Once again the plane of movement of 
the carpometacarpal joint of the thumb is 
different. In the anatomical position, adduc- 
tion carries the abducted thumb in a poste- 
rior direction toward the plane of the palm. 

CIRCUMDUCTION. Circumduction is a form 
of motion that takes place when the head of 
a long bone revolves within its cup-like cav- 
ity. The bone thereby circumscribes a 
conical space, the base of which is directed 
distally, while the apex of the cone is in the 
articular cavity. Circumduction is a se- 
quence of flexion, abduction, extension, and 
adduction. This type of movement is best 
seen at the shoulder and hip joints. 

ROTATION. Rotation is a form of move- 
ment in which a bone moves around a cen- 
tral axis without undergoing any other dis- 
placement. A bone may rotate around its 
own longitudinal axis, as in the rotation of 
the humerus at the shoulder joint, or alter- 
natively, the central axis of rotation may lie 
in a separate bone, as in the case of the pivot 
formed by the dens of the axis around which 
the atlas turns. The axis of rotation may not 
even be exactly parallel to the long axis of 
the bone, as in the movement of the radius 
on the ulna during pronation and supination 
of the hand. In this latter instance, the axis of 
rotation is represented by a line connecting 
the center of the head of the radius proxi- 
mally with the center of the head of the ulna 
distally. 

In the anatomical position the upper ex- 
tremities are oriented along the sides of the 
trunk with the palms facing anteriorly, or in 
the supine position. If the radius is rotated 


diagonally across the ulna and the palm is 
made to face dorsally, the hand is said to be 
in the prone position. Supination and prona- 
tion of the forearm and hand are those rota- 
tory movements of the radius in the forearm 
that achieve these alternate positions of the 
hand. 


Structures of Synovial Joints 


ARTICULAR CARTILAGE. Firmly adherent to 
the articular surfaces of a majority of bones 
is a smooth, glistening and resilient layer of 
hyaline cartilage. Conforming to the shape 
of the bony surfaces upon which it rests, ar- 
ticular cartilage may vary in thickness from 
0.5 mm on smaller bones of older individuals 
to as much as 6 or 7mm on long bones dur- 
ing maturation. Normally articular cartilage 
is not visible roentgenographically and prin- 
cipally accounts for the space between the 
bones seen in roentgenograms. In a few in- 
stances, as in the temporomandibular joint, 
the articular surfaces are covered by white 
fibrocartilage. Generally that portion of the 
articular cartilage adjacent to the bone tends 
to show calcification. Articular cartilage is 
neither innervated nor supplied with blood 
vessels. It probably receives its nourishment 
both from the synovial fluid and by diffusion 
from fine vessels that supply the synovial 
membrane and the adjacent bone, as well as 
from those that nourish the capsule. 

LIGAMENTS. Ligaments are composed 
mainly of bundles of collagenous fibers ori- 
ented in parallel, or closely interwoven to 
present a white shining, iridescent appear- 
ance. They are pliant and flexible to allow 
perfect freedom of movement, but they are 
also strong, tough, and inextensible, so as 
not to yield readily to applied force. Some 
ligaments consist entirely of yellow elastic 
tissue, as the ligamenta flava which inter- 
connect the laminae of adjacent vertebrae, 
and the ligamentum nuchae seen in the dor- 
sal neck of grazing animals. In these latter 
instances the elasticity of the ligament acts 
as a substitute for muscular power. Liga- 
ments are frequently distinct anatomical 
structures, such as the collateral ligaments of 
the elbow and knee joints. At times, how- 
ever, ligaments are closely applied to, or are 
simply thickened areas of, the articular cap- 
sule and serve as a direct reinforcement to 
the capsule. Examples of the latter are the 


glenohumeral ligament of the shoulder joint 
and the iliofemoral, pubofemoral, and ischi- 
ofemoral ligaments of the hip joint. 

ARTICULAR CAPSULE. The articular capsule 
forms a complete envelope for a freely mova- 
ble joint. This capsule consists of two layers: 
an external fibrous layer composed of white 
fibrous connective tissue and an internal 
synovial layer, which is specialized in struc- 
ture and function and usually is described 
separately as the synovial membrane. 

The fibrous layer of the articular capsule 
is attached to the periosteum along the entire 
circumference of the articular end of each 
bone entering the joint, and thus completely 
surrounds the articulation. Its flexibility per- 
mits movement, yet its strength protects the 
joint from dislocation. Along lines of severe 
tension, the fibrous capsule is reinforced by 
ligaments, and it is pierced by nerves and 
blood vessels which supply it and other in- 
tracapsular structures. 

The synovial membrane covers the inner 
surface of the fibrous capsule, forming a 
closed sac called the synovial cavity. It is 
composed of loose connective tissue, cellu- 
lar in some places, fibrous in others, and it 
has a free surface of small finger-like projec- 
tions called the synovial villi. The mem- 
brane is thought to elaborate a thick viscous, 
glairy fluid, similar to the white of an egg 
and, therefore, termed synovia or synovial 
fluid. The synovial membrane covers ten- 
dons that pass through certain joints, such as 
the tendon of the popliteus muscle in the 
knee and the long head of the biceps in the 
shoulder. The membrane is not closely ap- 
plied to the inner surface of the fibrous cap- 
sule, but is thrown into folds, fringes, or pro- 
jections that are composed of connective 
tissue, fat, and blood vessels. These folds 
surround the margin of the articular carti- 
lage, filling in clefts and crevices and, in 
some joints, such as the knee, forming large 
intra-articular fat pads. The synovial cavity 
of anormal joint contains only enough syno- 
vial fluid to moisten and lubricate the syno- 
vial surfaces, but in an injured or inflamed 
joint, the fluid may accumulate in painful 
amounts. Part of the lining of the synovial 
cavity is provided by the surface of articular 
cartilage that is moistened by synovial fluid 
but not covered by the synovial membrane. 

Similar to the synovial cavities of true 
joints are the synovial tendon sheaths and 
synovial bursae, which have an inner lining 
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STRUCTURES OF SYNOVIAL JOINTS 


equivalent to the synovial membrane of a 
joint and are lubricated by a fluid similar to 
synovial fluid. 

SYNOVIAL TENDON SHEATHS. Synovial ten- 
don sheaths facilitate the gliding of tendons 
that pass through fibrous and bony tunnels, 
such as those under the flexor retinaculum 
of the wrist. These sheaths are closed sacs, 
the outer or parietal layer of the synovial 
membrane lining the tunnel, and the inner or 
visceral layer reflected over the surface of 
the tendon. Between these concentrically 
oriented layers is a fine film of synovial fluid. 

SYNOVIAL BURSAE. Synovial bursae are 
located in clefts of connective tissue be- 
tween muscles, tendons, ligaments, and 
bones. They are closed sacs of synovial 
membrane similar to those of a true joint, 
and may in some cases be continuous, 
through an opening in the wall, with the 
lining of a joint cavity. They facilitate the 
gliding of muscles or tendons over bony or 
ligamentous prominences, and are named 
according to their location: subcutaneous, 
submuscular, or subtendinous. Subcutane- 
ous bursae are found beneath the skin over- 
lying the olecranon at the elbow and the 
patella at the knee. An example of a sub- 
muscular bursa is found deep to the gluteus 
maximus muscle where it overlies the 
greater trochanter. Among many other sites, 
subtendinous bursae are found between the 
tendon of the obturator internus muscle and 
the ischium, as well as between the tendon 
of the semimembranosus and the medial 
condyle of the tibia. 


LIMITATION OF MOVEMENTS AT JOINTS. Several 
factors effectively limit the movement capability at a 
joint. These include: (1) the tension developed by 
ligaments, (2) the tension developed by muscles, 
(3) the natural resistance to continued movement 
offered by the approximation of soft tissue, and 
(4) the limitation imposed by the contoured ends of 
the articulating bones in certain joints. 

The tension developed in ligaments plays an 
important part in the prevention of excessive move- 
ment at many joints. However, because ligaments 
are fibrous, they can be stretched by persistent 
stress and may become incompetent, as is seen 
when the arches of the foot are no longer supported. 
Ligaments can, however, prevent a sudden unex- 
pected abnormal movement. An example can be 
seen in the knee joint where its collateral ligaments 
are relaxed in flexion, and become taut in extension, 
thereby helping to limit this latter movement. 

The tension developed by muscles is perhaps 
the most important factor in maintaining the stability 


338 = T 


JUIN S 


of a joint as well as in limiting its movement. The 
conditions at one joint of a limb may limit the move- 
ment of another joint in that same limb because of 
the muscles passing over the Joints. An example of 
this is the limitation imposed on flexion at the hip 
joint by the tension of the hamstring muscles when 
the leg is extended at the knee. When the leg is 
flexed at the knee joint, however, full flexion at the 
hip joint can be achieved. This is possible because 
flexion at the knee joint relaxes the hamstrings, 
thereby allowing the thigh to overcome the limita- 
tion of movement at the hip joint imposed by the 
taut hamstrings. This phenomenon has been called 
the passive insufficiency or ligamentous action of 
muscles. 

The approximation of soft tissues can also be a 
factor limiting movement at a joint. A simple exam- 
ple of this can be seen in the flexion of the forearm at 
the elbow joint. As the forearm achieves full flexion, 
its soft tissues help to limit continued flexion be- 
cause they press upon the soft tissues on the ante- 
rior aspect of the arm. 

Finally, in a few joints the natural contour of the 
bony articular surfaces abut in such a manner that 
continued movement is prevented. Although not 
encountered as frequently as other limiting mecha- 
nisMs at joints, it does occur occasionally —for ex- 
ample, at the ankle joint. 


Articulations of the Axial 
Skeleton 


ARTICULATION OF THE MANDIBLE 


TEMPOROMANDIBULAR JOINT. Each tempo- 
romandibular joint is generally considered 
to be ellipsoid. It is a synovial joint which is 
divided into upper and lower synovial cavi- 
ties by a complete fibrous articular disc. The 
structures entering into its formation on 
each side are the anterior part of the man- 
dibular fossa and the articular tubercle of 
the temporal bone above, and the condyle of 
the mandible below (Figs. 5-7; 5-8: 5-9). 

Ligaments. The ligaments of the joint are 
the following: 


Articular capsule 
Lateral 
Sphenomandibular 
Articular disc 
Stylomandibular 


The articular capsule is a thin fibrous en- 
velope, attached above to the circumference 
of the mandibular fossa and the articular 
tubercle, and below to the neck of the con- 


dyle of the mandible. The fibrous disc 
attaches to the inner surface of the articular 
capsule. Above the attachment, the capsule 
is loose in order to allow the disc to slide 
easily along the temporal bone, whereas 
below the disc the capsule is more tautly 
stretched. 

The lateral ligament (formerly called tem- 
poromandibular ligament) strengthens the 
anterolateral aspect of the fibrous capsule 
(Fig. 5-7). It is a short, narrow fibrous band 
attached superiorly to the lower lateral bor- 
der of the zygomatic process of the temporal 
bone. Its fibers pass obliquely downward 
and backward to the lateral surface and poste- 
rior border of the neck of the mandible. It is 
covered by the parotid gland and by the 
integument. 

The sphenomandibular ligament (Fig. 5-8) 
is a flat, thin band of fibrous tissue attached 
to the spine of the sphenoid bone, and be- 
coming broader as it descends, it is fixed in- 
feriorly to the lingula of the mandibular fo- 
ramen. It lies somewhat medial to the 
capsule of the joint, and its upper lateral sur- 
face is in relation to the lateral pterygoid 
muscle and the auriculotemporal nerve. 
More inferiorly it is separated from the neck 
of the condyle by the maxillary vessels. Still 
lower, near its attachment to the mandible, 
the inferior alveolar vessels and nerve and a 
lobule of the parotid gland lie between it 
and the ramus of the mandible. Its medial 
surface is related inferiorly to the medial 
pterygoid muscle, while superiorly it lies 
lateral to the levator veli palatini muscle and 
the pharyngeal wall. This ligament develops 
from the sheath of Meckel’s cartilage (of the 
mandibular arch), and some of its ligamen- 
tous fibers even penetrate the petrotympanic 
fissure to attach to the malleus. 

The articular disc (Fig. 5-9), formed of fi- 
brous tissue, is a thin, oval plate, placed be- 
tween the condyle of the mandible and the 
mandibular fossa. Its superior surface is 
concavoconvex from front to back, to ac- 
commodate itself to the form of the man- 
dibular fossa and the articular tubercle. Its 
inferior surface, in contact with the condyle, 
is concave. Its circumference is connected to 
the articular capsule, and anteriorly it 
attaches to the tendon of the lateral ptery- 
goid muscle. Both medially and laterally the 
disc is secured to the condyle by fibrous 
bands. It is thicker at its periphery than at 
its center. The fibers composing the disc are 
arranged concentrically, and they are more 
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Fic. 5-7. The left temporomandibular joint. Lateral view. 


apparent at the circumference than at the 
center. The disc completely divides the joint 
into two cavities, each of which is lined by a 
synovial membrane. The two synovial mem- 
branes are placed one above, and the other 
below, the articular disc. The upper one, the 
larger and looser of the two, is continued 
from the margin of the cartilage covering the 
mandibular fossa and articular tubercle onto 
the superior surface of the disc. The separate 
cavity below the disc passes from the under- 
surface of the disc to the neck of the con- 
dyle, being prolonged a little farther inferi- 
orly behind than in front. The articular disc 
is sometimes perforated in its center, and the 
two Cavities then communicate with each 
other. 

The stylomandibular ligament (Fig. 5-8) is 
a specialized band of the cervical fascia 
and extends from near the apex of the sty- 
loid process of the temporal bone to the 
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Fic. 5-8. The left temporomandibular joint. Medial as- 
pect. 
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Fic. 5-9. A sagittal section through the temporomandibular joint. 


angle and posterior border of the ramus of 
the mandible, between the masseter and 
medial pterygoid muscles. This ligament 
separates the parotid from the submandibu- 
lar gland, and from its deep surface some 
fibers of the styloglossus muscle take origin. 
Although classed among the ligaments of the 
temporomandibular joint, it can only be 
considered as accessory to it. 


Nerves and Arteries. The nerves of the tempo- 
romandibular joint are derived from the auriculotem- 
poral and masseteric branches of the mandibular 
nerve, and the arteries come from the superficial 
temporal and maxillary branches of the external ca- 
rotid artery. 

Movements. Two points should be made ini- 
tially. It is the mandible that moves, because the 
maxilla is firmly articulated by sutures to the other 
bones of the skull, and when the mandible is at rest, 
the maxillary and mandibular teeth are slightly sepa- 
rated. On contact, the teeth assume their occlusal 
position. The mandible may be depressed (jaw 


opening) or elevated (jaw closing), as well as pro- 
truded or retracted. Lateral displacement and 
some rotation of the lower jaw also occur. 

It should be borne in mind that there are two parts 
to this articulation—one between the condyle and 
the articular disc, and the other between the disc 
and the mandibular fossa. When the jaw is de- 
pressed or elevated, by which the mouth is opened 
or closed, motion takes place in both parts. The disc 
glides anteriorly on the articular tubercle, and the 
condyle moves on the disc like a hinge, causing the 
mandible to rotate around a horizontal axis whose 
center of suspension traverses the rami of the man- 
dible near their middle. Near this axis at the lingula, 
which ts adjacent to the mandibular foramen, is at- 
tached the sphenomandibular ligament and the sling 
formed by the masseter and medial pterygoid mus- 
cles. When the jaw is opened, the angle of the man- 
dible moves posteriorly while the condyle glides 
forward as the short arm of a lever, and the chin, as 
the long arm of the lever, describes a wide arc. The 
motion between the condyle and the articular disc is 
largely one of accommodation to the change in posi- 
tion. When the jaw is closed, some of the force is 


applied to the condyle as a fulcrum, especially when 
biting with the incisors; but when chewing with the 
molars, the pressure comes more directly between the 
teeth, and the condyle acts more as a guide than as a 
fulcrum. In protrusion of the mandible, both discs 
glide forward in the mandibular fossa. During lateral 
displacement of the mandible, one disc glides for- 
ward while the other remains in place. During grind- 
ing or chewing movements, there is first a lateral 
displacement of the mandible by a forward move- 
ment of one condyle, and then the mandible is 
brought back into place by the action of the closing 
muscles and the meshing of the teeth. The condyles 
may be displaced alternately, or the same one may 
be displaced repeatedly as when chewing with the 
teeth of one side. 

The mandible is depressed, and the mouth 
thereby opened, by the lateral pterygoid muscles, 
which are assisted by the digastric, mylohyoid, and 
geniohyoid muscles. Conversely, the mandible is 
elevated, and the mouth closed, by the masseter, 
medial pterygoid, and temporalis muscles. The man- 
dible is protruded by the simultaneous action of the 
lateral pterygoids of both sides and the synergetic 
action of the closing muscles. It is retracted by the 
posterior fibers of the temporalis, and displaced /at- 
erally by the action of the opposite lateral pterygoid 
muscle. 
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ARTICULATION OF THE VERTEBRAL COLUMN 
WITH THE CRANIUM 


ATLANTO-OCCIPITAL JOINTS (Figs. 5-10; 5-11). 
The atlanto-occipital joints, one on each 
side, interconnect the concave superior ar- 
ticular facets of the lateral masses of the 
atlas and the convex condyle of the occipital 
bone. These two synovial joints are ellipsoid 
and the articular surfaces are reciprocally 
curved. 

Ligaments. The ligaments connecting the 
bones are: 


Two articular capsules 
Anterior atlanto-occipital membrane 
Posterior atlanto-occipital membrane 


The articular capsules invest each of the 
two joints and surround the condyles of the 
occipital bone, connecting them with the 
superior articular facets of the atlas. Al- 
though they are loosely fit, they are quite 
distinct. On their medial side, however, they 
are thin and formed only of loose fibers, 
whereas laterally they are reinforced by 
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Fic. 5-10. The atlanto-occipital and lateral atlantoaxial joints. Anterior aspect. On the left side the articular capsule 
and part of the atlanto-occipital membrane covering the atlantoaxial joint have been removed, as has the capsule 


surrounding the lateral atlantoaxial joint. 
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Fic. 5-11. The atlanto-occipital and atlantoaxial joints. Posterior aspect. 


oblique bands (sometimes called the lateral 
atlanto-occipital ligaments), which are di- 
rected upward and medialward. 

The anterior atlanto-occipital membrane 
(Fig. 5-10) is about 2cm wide and is com- 
posed of densely woven fibers, which pass 
between the anterior margin of the foramen 
magnum above, and the cranial border of 
the anterior arch of the atlas below. Later- 
ally it is continuous with the articular cap- 
sules, and anteriorly it is strengthened in the 
midline by a strong, round cord that is con- 
tinuous with the anterior longitudinal liga- 
ment and connects the basilar part of the 
occipital bone to the tubercle on the anterior 
arch of the atlas. Deep to the membrane is 
the ventral aspect of the dura mater covering 
the upper cervical spinal cord at its medul- 
lary junction, while anterior to it are found 
the alar ligaments and the lateral and ante- 
rior rectus capitis muscles. 

The posterior atlanto-occipital membrane 
(Fig. 5-11) is a little broader than but not so 
dense as the anterior membrane. It is a thin 
fibrous layer, connected above to the poste- 
rior margin of the foramen magnum and 
below to the superior border of the posterior 
arch of the atlas. On either side this mem- 
brane is defective over the groove for the 
vertebral artery (Fig. 5-11), and forms, with 
this groove, an opening for the passage of the 
artery into the central nervous system and 
for the first cervical spinal nerve (sub- 
occipital nerve) to exit from the underlying 


spinal cord. The free border of the mem- 
brane, arching over the artery and nerve, is 
sometimes ossified. Dorsal to the membrane 
are found the rectus capitis posterior minor 
and obliquus capitis superior muscles, while 
ventrally the membrane is intimately adher- 
ent to the dura mater of the vertebral canal. 


Synovial Membranes. There are two synovial 
membranes: one lining each of the articular cap- 
sules. The atlanto-occipital joints frequently commu- 
nicate medially with the joint between the dorsal 
surface of the dens and the transverse ligament of 
the atlas. 

Nerves and Arteries. The nerve supply to the 
atlanto-occipital joints comes from sensory fibers of 
the first cervical (suboccipital) nerve. Its arterial 
supply comes from branches of the vertebral artery 
and from meningeal branches of the ascending pha- 
ryngeal artery. 

Movements. The movements permitted in this 
joint are (1) flexion and extension, which give rise to 
the ordinary forward and backward nodding of the 
head, and (2) slight lateral tilting of the head to one 
or the other side. Flexion is produced mainly by the 
action of the longus capitis and rectus capitis ante- 
rior muscles. Extension results from the action 
of the rectus capitis posterior major and minor mus- 
cles, as well as the obliquus capitis superior, semi- 
Spinalis capitis, splenius capitis, sternocleidomas- 
toideus, and upper fibers of the trapezius. Lateral 
flexion (lateral tilting movement) is produced by the 
rectus Capitis lateralis muscle assisted by the trape- 
zius, splenius capitis, semispinalis capitis, and 
sternocleidomastoid muscles of the same side, all 
acting together. 


Ligaments Connecting the Axis with the 
Occipital Bone. Although the occipital 
bone and the axis are not directly in contact, 
they are united by ligaments that are 
observable at dissection after the removal of 
the posterior arches of the atlas and axis. 
These occipitoaxial ligaments include: 


Tectorial membrane 
Two alar 
Apical 


The tectorial membrane (Figs. 5-12; 5-14) is 
a broad, strong band which covers the dens 
and its ligaments posteriorly. It courses 
within the vertebral canal and appears to be 
a cranial prolongation of the posterior longi- 
tudinal ligament of the vertebral column. It 
is fixed below to the dorsal surface of the 
body of the axis and, expanding as it as- 
cends, is attached to the basilar portion of 
the occipital bone ventral to the foramen 
magnum, where it blends with the cranial 
dura mater. Its ventral surface is in relation 
with the transverse ligament of the atlas, 
and its dorsal surface with the dura mater. 
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The alar ligaments (Figs. 5-12; 5-13) are 
strong, round cords, which arise one on 
each side of the cranial part of the dens and, 
passing obliquely upward and lateralward, 
are inserted into the rough depressions on 
the medial sides of the condyles of the occip- 
ital bone. The alar ligaments limit rotation of 
the cranium and therefore are sometimes 
referred to as check ligaments. 

The apical ligament of the dens (Figs. 5-13; 
5-14) is a fibrous cord in the triangular inter- 
val between the two alar ligaments. It ex- 
tends from the tip of the dens to the anterior 
margin of the foramen magnum, being inti- 
mately blended with the deep portion of the 
anterior atlanto-occipital membrane and 
superior crus of the transverse ligament of 
the atlas. It is regarded as a rudimentary in- 
tervertebral disc, and in it traces of the noto- 
chord may persist. 

In addition to the ligaments that unite the 
atlas and axis to the skull, the ligamentum 
nuchae must be regarded as one of the liga- 
ments connecting the vertebral column with 
the cranium. 
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Fic. 5-12. Exposure of the cruciform ligament after removal of the posterior arches of the atlas and axis and after 
cutting and reflecting the tectorial membrane. Observe that the cruciform ligament consists of a longitudinal band and 
a transverse ligament which lie posterior to the dens and its alar and apical (hidden) ligaments. 
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Fic. 5-13. The alar ligaments and the apical ligament of the dens are exposed after the removal of the cruciform 


ligament. Note that this is a posterior approach to the dens after cutting through the posterior arches of the atlas and 
axis. 
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Fic. 5-14. Median sagittal section through the occipital bone and first three cervical vertebrae. (From Spalteholz.) 


ARTICULATIONS OF THE ATLAS 
WITH THE AXIS 


The atlas and the axis articulate by means 
of three joints. On each side the inferior ar- 
ticular facet of the lateral mass of the atlas 
articulates with the superior articular facet 
of the axis to form the lateral atlantoaxial 
joints. In addition, the dens of the axis artic- 
ulates with the anterior arch and transverse 
ligament of the atlas to form the median at- 
lantoaxial joint. 

LATERAL ATLANTOAXIAL JOINT (Figs, 5-12; 5- 
13). These two articulations, one on each 
side, are classified as plane joints. Sur- 
rounded by an articular capsule, each flat 
or slightly convex inferior articular facet of 
the atlas fits on the smooth upwardly directed 
superior articular facets of axis in order to 
allow rotation of the atlas on the axis. 

Ligaments. Although the only officially 
recognized ligaments of these joints per se 
are their capsules, the atlantoaxial exten- 
sions of two other ligaments of the spinal 
column may be considered as helping to se- 
cure these two bones, thereby lending addi- 
tional integrity to the joints. The ligaments 
to be described therefore are: 


Two articular capsules 
Anterior atlantoaxial 
Posterior atlantoaxial 


The articular capsules (Figs. 5-12; 5-13) are 
thin and loose, and connect the margins of 
the lateral masses of the atlas with those of 
the posterior articular surfaces of the axis. 
Each is strengthened at its posterior and 
medial part by an accessory ligament, which 
is attached below to the body of the axis 
near the base of the dens, and above to the 
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lateral mass of the atlas near the transverse 
ligament. The inner aspect of the capsules is 
lined by a synovial membrane. 

The anterior atlantoaxial ligament (Figs. 
5-10; 5-14) is a strong membrane fixed to the 
inferior border of the anterior arch of the 
atlas, and to the ventral surface of the body 
of the axis. It is strengthened in the mid- 
line by a round cord, which connects the 
tubercle on the anterior arch of the atlas to 
the body of the axis and is a continuation 
cranially of the anterior longitudinal liga- 
ment. Immediately anterior and coursing 
vertically along each lateral border of the 
ligament are the longus capitis muscles. 

The posterior atlantoaxial ligament (Figs. 
5-11; 5-14) is a broad, thin membrane at- 
tached above to the inferior border of the 
posterior arch of the atlas, and below to the 
superior edges of the laminae of the axis. At 
the atlantoaxial level, this hgament is com- 
parable to the intervertebral ligamenta 
flava found connecting the posterior arches 
of other lower vertebrae. 

MEDIAN ATLANTOAXIAL JOINT. This pivot 
joint contains two synovial cavities located 
between the dens of the axis and a ring 
formed by the anterior arch of the atlas and 
the transverse ligament of the atlas (Fig. 5- 
15). One synovial cavity lies between the 
dens and the anterior arch of the atlas, while 
the other is interposed between the dens and 
the transverse ligament of the atlas. 

Ligaments. Thetransverse ligament of the 
atlas (Figs. 5-12; 5-14; 5-15) is a thick, strong 
band which arches across the ring of the 
atlas and retains the dens in contact with the 
anterior arch. It is broader and thicker in the 
middle than at the ends, and is firmly at- 
tached on each side to a small tubercle on 
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Fic. 5-15. The median atlantoaxial joint viewed from above the atlas. Note the two synovial cavities, one anterior 
and the other posterior to the upwardly projecting dens of the axis. 
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the medial surface of the lateral mass of the 
atlas. As it crosses the dens, a small fascicu- 
lus is prolonged cranially, and another cau- 
dally, from the superficial or posterior fibers 
of the ligament, forming a longitudinal band. 
The superior band is attached to the basilar 
part of the occipital bone, closely related to 
the tectorial membrane, while the inferior 
band is fixed to the posterior surface of the 
body of the axis. Together with the trans- 
verse ligament, these two parts of the longi- 
tudinal band form a cross-like structure 
named the cruciate ligament of the atlas (Fig. 
5-12). The transverse ligament divides the 
entire circular opening in the atlas into two 
unequal parts: the posterior and larger por- 
tion contains the spinal cord, its membranes 
and vessels, and the spinal trunks of the ac- 
cessory nerves; the anterior and smaller 
part contains the dens. The neck of the dens 
is constricted where it is embraced posteri- 
orly by the transverse ligament, so that this 
ligament suffices to hold it in position after 
all the other ligaments have been divided. 


Synovial Membranes. There is a synovial mem- 
brane for each of the lateral atlantoaxial joints, and 
two synovial cavities associated with the median at- 
lantoaxial joint. The joint cavity between the dens 
and the transverse ligament of the atlas may be con- 
tinuous laterally with those of the atlanto-occipital 
articulations. 

Movements. The atlantoaxial joints allow rota- 
tion of the atlas (and with it the Skull) upon the axis, 
the extent of rotation being limited by the alar liga- 
ments. 

The opposed articular surfaces of the lateral! atlan- 
toaxial joints are not reciprocally curved, because 
both are convex in their long axes. Thus, when the 
superior facet glides ventrally on the inferior, it also 
descends. The fibers of the articular capsule are then 
relaxed in a vertical direction, thereby permitting 
movement. As the atlas and the skull pivot around 
the dens, the lateral masses of the atlas at the lateral 
atlantoaxial joints glide, one forward and the other 
backward, upon the superior articular facets of the 
axis. 

The principal muscles by which these movements 
are produced are the sternocleidomastoid and semi- 
spinalis capitis of one side, acting with the longus 
Capitis, splenius, longissimus capitis, rectus capitis 
posterior major, and the obliquus capitis inferior of 
the other side. 


ARTICULATIONS OF THE VERTEBRAL COLUMN 
Interconnecting each succeeding vertebra 


from the axis to the sacrum are: a series of 
cartilaginous joints that unite each adjacent 


pair of vertebral bodies by means of longitu- 
dinal ligaments and intervertebral discs; and 
a series of synovial joints, reinforced by lig- 
aments that unite the vertebral arches of the 
vertebrae at their interfacing articular proc- 
esses. 

JOINTS BETWEEN THE VERTEBRAL BODIES. 
The articulations between the bodies of the 
vertebrae are separated by fibrocartilagi- 
nous intervertebral discs and are classified 
as symphyses. The individual vertebrae 
move only slightly on each other, but be- 
cause this slight degree of movement be- 
tween the pairs of bones takes place in all 
the joints of the vertebral column, the total 
range of movement is considerable. 

Ligaments. ‘The ligaments of these articu- 
lations are the following: 


Anterior longitudinal 
Posterior longitudinal 
Intervertebral discs 


The anterior longitudinal ligament (Figs. 
5-10; 5-14; 5-16; 5-19) is a broad and strong 
band of fibers which extends along the ante- 
rior surfaces of the bodies of the vertebrae, 
from the axis to the sacrum. Its extension to 
the occipital bone may (as it is in this book) 
be referred to as the anterior atlantoaxial lig- 
ament. Being relatively narrower above, the 
anterior longitudinal ligament broadens 
somewhat as it descends. It is a bit narrower 
(but thicker) in its passage over the vertebral 
bodies than over the intervertebral discs. It 
consists of dense longitudinal fibers that are 
intimately adherent to the intervertebral 
discs and the prominent margins of the ver- 
tebrae, but not attached firmly to the middle 
parts of the bodies. In the latter situation the 
ligament is thick and serves to fill the con- 
cavities on the ventral surfaces, giving the 
anterior aspect of the vertebral column a 
more even contour. It is composed of several 
layers of fibers which vary in length, but are 
closely interlaced with each other. The most 
superficial fibers are the longest and extend 
across four or five vertebrae. A second, sub- 
jacent set extends between two or three ver- 
tebrae, while a third set, the shortest and 
deepest, reaches from one vertebra to the 
next. At the sides of the vertebral bodies, a 
few short fibers of the ligament pass from 
one vertebra to the next. These fibers are 
separated from the concavities of the verte- 
bral bodies by oval apertures for the passage 
of vessels. 
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Fic. 5-16. Median sagittal section of two lumbar vertebrae and their ligaments. 


The posterior longitudinal ligament (Figs. 
5-12; 5-14; 5-16; 5-17) extends along the dor- 
sal surfaces of the bodies of the vertebrae 
from the axis to the sacrum. It lies within the 
vertebral canal (Fig. 5-16), and it is contin- 
ued above the axis as the tectorial mem- 
brane. It is broader above than below, and 
thicker in the thoracic region than in the cer- 
vical and lumbar regions. The ligament 
broadens somewhat and becomes mote inti- 
mately adherent as it passes over each of the 
intervertebral discs and contiguous margins 
of the vertebrae. The ligament is smooth 
superiorly, but in the thoracic and lumbar 
regions it presents a series of dentations with 
intervening concave margins. It is narrow 
and thick over the centers of the bodies, 
from which it is separated by the basiverte- 
bral veins. The ligament is composed of lon- 
gitudinal fibers, which are denser and more 
compact than those of the anterior ligament. 
Its superficial layers occupy the interval be- 
tween three or four vertebrae, while the 
deeper layers extend between adjacent ver- 
tebrae. 

The intervertebral discs (Figs. 5-16; 5-20) 
are interposed between the adjacent sur- 
faces of the vertebral bodies from the axis to 
the sacrum, forming their chief bonds of 
connection. They vary in shape and thick- 
ness in different parts of the vertebral col- 
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Fic. 5-17. Posterior longitudinal ligament of the verte- 
brae in the lumbar region. Interior of spinal column with 
the dorsal arches cut and viewed from the posterior as- 
pect. 
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umn. Their shape corresponds to the sur- 
faces of the bodies between which they are 
placed, except in the cervical region, where 
they are slightly smaller from side to side 
than the corresponding bodies. Their thick- 
ness varies not only in the different regions 
of the column, but in different parts of the 
same disc. In the cervical and lumbar re- 
gions the discs are thicker ventrally than 
dorsally, and thus contribute to the anterior 
convexities of these parts of the column. The 
discs are of nearly uniform thickness in the 
thoracic region, and the anterior concavity 
of this part of the column is due almost en- 
tirely to the shape of the vertebral bodies. 
From the axis to the sacrum, the interverte- 
bral discs constitute about one-fourth of the 
length of the vertebral column. Being thicker 
in the cervical and lumbar regions, the discs 
account for a greater proportion of the 
length of the spinal column in these regions 
than in the thoracic region. Correspond- 
ingly, the cervical and lumbar regions show 
a greater pliancy and freedom of movement. 
The intervertebral discs are adherent to thin 
layers of hyaline cartilage which cover the 
superior and inferior surfaces of the bodies 
of the vertebrae. Between the lower cervical 
vertebrae, however, small joints lined by 
synovial membranes are occasionally pres- 
ent between the superior surfaces of the 
bodies and the margins of the discs on either 
side. The rounded border of the interverte- 
bral discs are firmly attached to the anterior 
and posterior longitudinal ligaments. In the 
thoracic region the discs are joined laterally, 
by means of interarticular ligaments, to the 
heads of those ribs that articulate with the 
two adjacent vertebrae. 


Structure of the Intervertebral Discs. Each disc 
is composed of outer laminae of fibrous tissue and 
fibrocartilage called the anulus fibrosus, and an 
inner core of soft, gelatinous and highly elastic sub- 
Stance called the nucleus pulposus. 

The laminae forming the anulus fibrosus are ar- 
ranged in concentric rings and the outermost consist 
of ordinary fibrous tissue; those closer to the center 
are formed of white fibrocartilage. The laminae are 
not quite vertical in their direction, those near the 
circumference being curved outward and closely 
approximated, while those nearest the center curve 
in the opposite direction, and are somewhat more 
widely separated. The fibers composing the laminae 
pass obliquely between the two adjacent vertebrae 
and are firmly attached to them. Greater stability is 
achieved in the disc because the fibers of each adja- 


cent lamina pass in opposite directions, crossing one 
another like the limbs of the letter X. This laminar 
arrangement characterizes the outer half of each fi- 
brocartilage. 

The yellowish nucleus pulposus is more abun- 
dant in the cervical and lumbar regions than at tho- 
racic levels, and it projects considerably above the 
surrounding anulus fibrosis if the disc is divided hor- 
izontally. Situated somewhat behind the center of 
the disc, the nucleus pulposus consists of a fine fi- 
brous matrix within which are found some polymor- 
phic cells. Although at birth the nucleus pulposus 
can be considered as a remnant of the notochord, it 
undergoes such structural changes with maturation 
that by adolescence its notochordal cells have been 
almost entirely replaced by cartilaginous cells from 
the surrounding anulus fibrosus. With age, the ge- 
latinous substance is replaced by fibrocartilage, and 
there is more of a blending of the anulus fibrosus 
with the central core. There is also a decrease in the 
water content of the nucleus pulposus along with a 
reduction in its elasticity. 

Clinical Correlation. \ntervertebral discs cush- 
ion mechanical shocks imposed on the vertebral col- 
umn, thereby distributing the pressure more evenly. 
Upon receiving a jolting impact, the highly elastic 
nucleus pulposus becomes flatter and broader and 
pushes the more resistant fibrous laminae outward 
in all directions. The nucleus and anulus then return 
to their original position after the impact is dissi- 
pated. Discs are secured between the vertebrae pri- 
marily by the anterior and posterior longitudinal 
ligaments. In older individuals an unusual strain 
may result in the disc proper, or the nucleus pulpo- 
sus only, being extruded beyond its intervertebral 
position and then not returning to its proper site. 
Such a situation generally produces pain because 
the protruded disc presses upon spinal roots or 
nerves. Most commonly this condition is seen in the 
lower lumbar region with accompanying radiating 
pain to the gluteal region and lower extremity. 


JOINTS BETWEEN THE VERTEBRAL ARCHES. 
Joints between articular processes of the ver- 
tebrae are plane or gliding joints, enveloped 
by capsules lined by synovial membrane. 

Ligaments. Articular capsules (Fig. 5-16) 
are thin, loose, and attached to margins of 
the articular processes of adjacent vertebrae. 
They are longer and looser in the cervical 
than in the thoracic and jumbar regions. 

The laminae, spinous, and transverse 
processes of the vertebrae are connected by 
the following ligaments: 


Ligamenta flava 
Supraspinal 
Ligamentum nuchae 
Interspinal 
Intertransverse 


The ligamenta flava (Figs. 5-16; 5-18; 5-23) 
connect the laminae of adjacent vertebrae 
from the axis to the first segment of the sac- 
rum. Although best seen from the interior of 
the vertebral canal, when viewed from the 
outer surface they appear short because they 
are overlapped by the laminae. Each liga- 
ment consists of two lateral portions, which 
commence on each side at the roots of the 
articular processes surrounded by the cap- 
sule and extend dorsally to the point where 
the laminae meet to form the spinous proc- 
ess. The dorsal margins of the two portions 
are in contact except for slight intervals at 
the midline through which pass vertebral 
veins. Each ligamentum flavum consists of 
yellow elastic tissue, the fibers of which, 
almost perpendicular in direction, are at- 
tached to the ventral surface of the lamina 
above and to the dorsal surface and supe- 
rior margin of the lamina below. In the cer- 
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Fig. 5-18. The ligamenta flava of the lumbar region. 
The interior of the spinal column is seen with the verte- 
bral bodies cut away. This demonstrates the dorsal lami- 
nae viewed from the anterior aspect. 
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vical region the ligaments are thin, but 
broad and long. They are thicker in the tho- 
racic region and thickest in the lumbar re- 
gion. Their marked elasticity permits separa- 
tion of the laminae during flexion of the 
vertebral column, and also serves to pre- 
serve the upright posture. 

The supraspinal ligament (Figs. 5-16; 5-23) 
is a strong fibrous cord which connects to- 
gether the apices of the spinous processes 
from the seventh cervical vertebra to the 
sacrum. At its points of attachment to the 
tips of the spinous processes, fibrocartilage 
is developed in the ligament. It is thicker and 
broader in the lumbar than in the thoracic 
region, and intimately blended in both situa- 
tions with the neighboring fascia. The most 
superticial fibers of this ligament extend 
over three or four vertebrae; those coursing 
more deeply pass between two or three ver- 
tebrae, while the deepest connect the spi- 
nous processes of neighboring vertebrae and 
become continuous with the interspinal liga- 
ments. Above the seventh cervical vertebra 
it is continued to the external occipital pro- 
tuberance and median nuchal line as the lig- 
amentum nuchae. 

The ligamentum nuchae is a fibroelastic 
membrane in the dorsal neck which corre- 
sponds to the supraspinal ligament of the 
lower vertebrae. It extends from the external 
occipital protuberance and median nuchal 
line to the spinous process of the seventh 
cervical vertebra. In its course a fibrous lam- 
ina from the ligamentum nuchae attaches 
initially to the posterior tubercle of the atlas 
and the spinous processes of the cervical 
vertebrae, and then forms a septum between 
the muscles on both sides of the neck. In 
man, it is merely the rudiment of an impor- 
tant elastic ligament seen in some of the 
erazing animals which serves to sustain the 
weight of the head and to assist in flexion of 
the cervical vertebrae. 

The interspinal ligaments (Fig. 5-16) are 
thin and membranous and interconnect ad- 
joining spinous processes. Their attachment 
extends from the root to the apex of each 
spinous process and, thereby, they meet the 
ligamenta flava ventrally and the supraspi- 
nal ligament dorsally. They are narrow and 
elongated in the thoracic region, but 
broad, thick, and quadrilateral in shape in 
the lumbar region. These ligaments are only 
slightly developed in the neck. 
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The intertransverse ligaments (Figs. 5-19: 
9-23) are interposed between the transverse 
processes. In the cervical region they consist 
of a few irregular, scattered fibers; in the 
thoracic region they are rounded cords inti- 
mately connected with the deep muscles of 
the back; in the lumbar region they are thin 
and membranous. 


MOVEMENTS OF THE VERTEBRAE. The movements 
permitted in the vertebral column are: flexion, ex- 
tension, lateral flexion, circumduction, and rota- 
tion. 

In flexion, or bending ventrally, the anterior longi- 
tudinal ligament is relaxed, and the anterior portions 
of the intervertebral fibrocartilages are compressed. 
The posterior longitudinal ligament, the ligamenta 
flava, and the interspinal and supraspinal ligaments 


are stretched, as also are the dorsal fibers of the 
intervertebral discs. The interspaces between the 
laminae are widened, and the inferior articular proc- 
esses glide upward upon the superior articular proc- 
esses of the subjacent vertebrae. Tension of the ex- 
tensor muscles of the back is the most important 
factor in limiting the movement. Flexion is the most 
extensive of all the movements of the vertebral col- 
umn, and it is freest in the cervical region. 

In extension, or bending dorsally, an opposite 
disposition of the parts takes place. Thus, the dis- 
tance between the anterior borders of the vertebrae 
is increased while their posterior borders are moved 
closer together. This movement is limited by the an- 
terior longitudinal ligament and by an approximation 
of the spinous processes. It is freest in the cervical 
and lumbar regions. 

In lateral flexion, the sides of the intervertebral 
discs are compressed, the extent of motion being 
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FiG. 5-19. The costovertebral joints viewed from the right lateral aspect. Note the two synovial cavities exposed in 
the lowest joint from which have been removed much of the radiate ligament and the head of the rib. Observe that 
each rib articulates with two adjacent vertebral bodies. 


limited by the resistance offered by opposing mus- 
cles and by the surrounding ligaments. This move- 
ment may take place in any part of the column, but 
is freest in the cervical and lumbar regions, and is 
always associated with a certain degree of rotation. 

Circumduction is limited, and is merely a suc- 
cession of the preceding movements. 

Rotation is produced by the turning of adjacent 
vertebrae at the joints between the vertebral arches, 
which then produces a twisting of the intervertebral 
discs. Although only slight rotation can occur be- 
tween any two vertebrae, a considerable extent of 
movement is allowed when it takes place at the 
same time in the whole length of the column. This 
movement occurs most freely in the thoracic region, 
but also occurs to a slight extent at cervical and lum- 
bar levels of the spinal column. 

The extent and variety of the movements are influ- 
enced by the shape and direction of the articular 
surfaces. In the cervical region the upward inclina- 
tion of the superior articular surfaces allows free 
flexion and extension. Extension can be carried far- 
ther than flexion. At the cranial end of the cervical 
region, it is checked by the locking of the posterior 
edges of the superior atlantal facets in the condyloid 
fossae of the occipital bone. At the caudal end of the 
cervical region, extension is limited by a mechanism 
whereby the inferior articular processes of the sev- 
enth cervical vertebra slip into grooves behind and 
below the superior articular processes of the first 
thoracic. Flexion is arrested just beyond the point 
where the cervical convexity is straightened. The 
movement is checked by the apposition of the pro- 
jecting lower lips of the bodies of the vertebrae with 
the shelving surfaces on the bodies of the subjacent 
vertebrae. Lateral flexion and rotation are relatively 
free in the cervical region, but the two movements 
are always combined. The inclinations of the supe- 
rior articular surfaces impart a rotatory movement 
during lateral flexion, while pure rotation is pre- 
vented by the slight medial slope of these surfaces. 

In the thoracic region, notably in its upper part, 
all the movements are limited in order to minimize 
interference with respiration. The almost complete 
absence of an upward inclination of the superior ar- 
ticular surfaces prohibits any marked flexion, 
whereas extension is checked by the contact of the 
inferior articular margins with the laminae, and the 
contact of the spinous processes with one another. 
The mechanism at the caudal end of the cervical 
region that limits extension also serves to limit flex- 
ion of the thoracic region when the neck is extended. 
Rotation is free in the thoracic region. The position 
of the articular processes allows rotation around a 
vertical axis that passes through the bodies of the 
midthoracic vertebrae, but anterior to the vertebral 
bodies of the upper and lower thoracic vertebrae. 
The direction of the articular facets would allow free 
lateral flexion, but this movement is considerably 
limited by the resistance of the ribs and sternum. 

In the lumbar region extension is free and wider 
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In range than flexion. The inferior articular facets are 
not in close apposition with the superior facets of the 
subjacent vertebrae, and because of this a consider- 
able degree of lateral flexion is permitted. For the 
same reason a slight amount of rotation can be 
achieved, but this is checked so soon by the inter- 
locking of the articular surfaces that it is negligible. 
MUSCLE ACTIONS ON THE VERTEBRAE. The princi- 
pal muscles that produce flexion are the sterno- 
cleidomastoid, the longus capitis, the longus colli, 
the scalenes, the abdominal muscles, and the psoas 
major. Extension is produced by the intrinsic mus- 
cles of the back (erector spinae), assisted in the neck 
by the splenius, the semispinales, and the multifidi. 
Lateral flexion is produced by the intrinsic muscles 
of the back, by the splenius, the scalenes, the quad- 
ratus lumborum, and the psoas major when the 
muscles of one side only are acting. Rotation results 
from the action of the following muscles of one side 
only, the sternocleidomastoid, the longus capitis, 
the scalenes, the multifidi, the rotatores, the semi- 
spinalis capitis, and the abdominal muscles. 


COSTOVERTEBRAL JOINTS 


The articulations of the ribs with the ver- 
tebral column may be divided into two sets, 
one connecting the heads of the ribs with the 
bodies of the vertebrae, and the other unit- 
ing the necks and tubercles of the ribs with 
the transverse processes. 

ARTICULATIONS OF THE HEADS OF THE RIBS 
(Fig. 5-19). These constitute a series of plane 
or gliding joints, and are formed by the artic- 
ulation of the heads of the typical ribs with 
the facets on the contiguous margins of the 
bodies of the thoracic vertebrae, and with 
the intervertebral discs between them. 
Whereas the first, tenth, eleventh, and 
twelfth ribs each articulate with a single ver- 
tebra, the heads of the second to the ninth 
ribs each articulate by means of two facets, a 
superior and an inferior, with two adjacent 
vertebral bodies. The articulation of the 
head of each rib, however, is considered a 
single joint because there is but one articular 
capsule, even though there may be two syno- 
vial sacs. 

Ligaments. 
are: 


The ligaments at each joint 


Articular capsule 
Radiate 
Intra-articular 


The articular capsule surrounds the joint 
and is composed of short, strong fibers that 
connect the head of the rib with the circum- 
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ference of the articular cavity formed by the 
intervertebral disc and the adjacent verte- 
brae. The capsule is most distinct at the su- 
perior and inferior parts of the articulation. 
Some of its upper fibers pass through the in- 
tervertebral foramen to the back of the inter- 
vertebral disc, while the posterior fibers of 
the capsule are continuous with the costo- 
transverse ligament. 

The radiate ligament (Fig. 5-19) connects 
the anterior part of the head of each rib with 
the side of the bodies of two vertebrae, and 
the intervertebral disc between them. It con- 
sists of several flat fasciculi which are at- 
tached to the anterior part of the head of the 
rib, just beyond the articular surface. The 
more superior fasciculi are connected with 
the body of the vertebra above, while the 
inferior fibers attach to the body of the ver- 
tebra below. The middle fibers are short and 
less distinct and course horizontally to at- 
tach to the intervertebral disc. The radiate 
ligaments along the spinal column are in re- 
lationship anteriorly to the thoracic ganglia 
of the sympathetic trunk, the pleura, and— 
on the right side—the azygos vein. Immedi- 
ately behind the radiate ligaments at each 
level are the intra-articular ligament and the 
synovial membranes (Fig. 5-19). 


Intervertebral disc 
(transverse section) 


Superior costotransverse 
ligament (divided) 


Costotransverse 
ligament 






Articular 
capsule 





Lateral costotransverse 
ligament 


In the case of the first rib, the fibers of the 
radiate ligament are attached to the body of 
the last cervical vertebra, as well as to that of 
the first thoracic. In the articulations of the 
heads of the tenth, eleventh, and twelfth 
ribs, each of which articulates with a single 
vertebra, the fibers of the radiate ligament in 
each case connect to the vertebra above, as 
well as to that with which the rib articulates. 

The intra-articular ligament (Fig. 5-19) is 
situated in the interior of the joint. It consists 
of a short, flat band of fibers, attached by one 
extremity to the crest separating the two ar- 
ticular facets on the head of the rib, and by 
the other to the intervertebral disc. It divides 
the joint into two cavities, each of which is 
lined by a synovial membrane. In the joints 
of the first, tenth, eleventh, and twelfth ribs, 
the intra-articular ligament does not exist 
because there is but one cavity and one sy- 
novial membrane at each of these articula- 
tions. 

COSTOTRANSVERSE JOINTS (Fig. 5-20). The 
articular surface on the tubercle of the upper 
ten ribs forms a plane or gliding joint with 
the articular facet on the adjacent transverse 
process of the corresponding vertebra. In the 
eleventh and twelfth ribs this articulation is 
wanting. 
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Fic. 5-20. The costovertebral joints viewed from the superior aspect. Note that on the right side the synovial cavities 
of the joint of the head of the rib and the costotransverse joint have been exposed. 


Ligaments. 
are: 


The ligaments of the joint 


Articular capsule 
Superior costotransverse 
Costotransverse 

Lateral costotransverse 


The articular capsule isa thin, fibrous mem- 
brane attached to the circumference of the 
articular surfaces. As in other plane joints, 
the capsule is lined by a synovial membrane. 

The superior costotransverse ligament 
(Figs. 5-19; 5-20; 5-23) is attached to the sharp 
crest on the superior border of the neck of 
the rib, and passes obliquely upward and 
laterally to the lower border of the trans- 
verse process immediately above. The ante- 
rior layer of this ligament blends laterally 
with the internal intercostal membrane and 
is crossed by the intercostal vessels and 
nerves. Its posterior layer blends laterally 
with the external intercostal muscle. Its 
medial border is thickened and free, and 
bounds an aperture that transmits the poste- 
rior branches of the intercostal vessels and 
nerves. 
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The first rib has no superior costotrans- 
verse ligament. The neck of the twelfth rib is 
connected to the base of the transverse proc- 
ess of the first lumbar vertebra by a band of 
fibers, the lumbocostal ligament, which ac- 
tually lies in series with the superior costo- 
transverse ligaments. It is merely a thick- 
ened portion of the lumbocostal aponeurosis 
or anterior layer of the thoracolumbar fascia. 

The costotransverse ligament (Figs. 5-20; 
5-23) is sometimes called the ligament of the 
neck of the rib and consists of short but 
strong fibers connecting the rough surface 
on the back of the neck of the rib with the 
anterior surface of the adjacent transverse 
process. It is observed best with a vertebra 
cut in transverse section, where it can be 
seen to fill the costotransverse foramen. A 
rudimentary ligament only may be present 
in the case of the eleventh and twelfth ribs. 

The lateral costotransverse ligament (Figs. 
5-20; 5-23) is a short, thick, and strong fascic- 
ulus, which passes obliquely from the apex 
of the transverse process of the vertebra to 
the rough and nonarticular portion of the 
tubercle of the corresponding rib. For this 


a % 
Fic. 5-21. Anteroposterior view of lower cervical and upper thoracic vertebrae of adult. The skull obscures the upper 
cervicals. (Courtesy of Doctors Moreland and Arndt.) 
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Fic. 5-22. 
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Lateral view of adult neck. Notice spacing and slope between vertebral bodies, articular process, and 


spinous processes. (Courtesy of Doctors Moreland and Arndt.) 


reason it has also been called the ligament of 
the tubercle of the rib. The ligaments at- 
tached to the upper ribs ascend from the 
transverse processes, and are shorter and 
more oblique than those attached to lower 
ribs, which descend slightly. 


Movements at the Costotransverse Joints. 
The heads of the ribs are so closely connected to the 
bodies of the vertebrae by the radiate and intra-artic- 
ular ligaments that only slight gliding movements of 
the articular surfaces on one another can take place. 
Similarly, the strong ligaments binding the necks 
and tubercles of the ribs to the transverse processes 
limit the movements of the costotransverse joints to 
slight gliding, the nature of which is determined by 
the shape and direction of the articular surfaces. In 
the upper six ribs the articular surfaces on the tuber- 
cles are oval in shape and convex from above down- 
ward. They fit into corresponding concavities on the 
anterior surfaces of the transverse process, so that 
upward and downward movements of the tubercles 
are associated with rotation of the rib neck on its 
long axis. On the seventh to the tenth ribs the articu- 
lar surfaces on the tubercles are flat, and directed 
obliquely downward, medialward, and backward. 
The surfaces with which they articulate are placed 


on the upper margins of the transverse processes, 
and therefore, when the tubercles are drawn up, 
they are at the same time carried backward and 
medialward. The joints of the heads of the ribs and 
the costotransverse joints move simultaneously and 
in the same directions, the total effect being that the 
neck of the rib moves as if on a single joint, of which 
the two articulations form the ends. The necks of the 
upper six ribs only move slightly upward and down- 
ward. Their chief movement is one of rotation 
around their own long axes. Thus, rotation back- 
ward of the neck of the rib results in depression of 
the anterior end of the rib, whereas rotation forward 
of the neck causes elevation of the anterior end. The 
necks of the seventh to tenth ribs may move either 
upward, backward, and medialward, or downward, 
forward, and lateralward, thereby altering the shape 
of the rib cage. Only slight rotation accompanies 
these movements. 


STERNOCOSTAL, INTERCHONDRAL, AND 
COSTOCHONDRAL JOINTS 


STERNOCOSTAL JOINTS (Fig. 5-24). At the 
anterior aspect of the thoracic wall, the bony 
portion of each rib becomes continuous with 
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Fic. 5-23. A part of the thoracic spinal column shown from the posterior aspect. Observe the necks of the ribs and the 
costotransverse joints with their associated ligaments. (From Benninghoff and Goerttler, 1975.) 


the lateral end of a strip of cartilage, the cos- 
tal cartilage, resulting in a series of costo- 
chondral unions. The medial ends of the 
costal cartilages fit into slight concavities 
along the lateral borders of the sternum, 
forming the sternocostal joints. With the 
exception of the first rib, the sternocostal 
articulations are plane or gliding joints with 
synovial cavities. The costal cartilage of the 
first rib is directly united with the sternum 
and forms a typical synchondrosis. 

Ligaments. The ligaments at the sterno- 
costal joints are: 


Articular capsules 

Radiate sternocostal 
Intra-articular sternocostal 
Costoxiphoid 


Articular capsules surround the joints be- 
tween the sternum and the cartilages of the 
second to seventh ribs. They are thin, inti- 
mately blended with the radiate sternocostal 
ligaments, and strengthened at the upper 
and lower parts of the articulations by a few 
fibers that connect the cartilages to the side 
of the sternum. 

The radiate sternocostal ligaments (Fig. 
5-24) consist of broad and thin membranous 
bands that radiate from the ventral and dor- 
sal surfaces of the sternal ends of the carti- 
lages of the true ribs to the anterior and pos- 
terior surfaces of the sternum. They are 
composed of fibers that course obliquely 
superiorly, transversely and obliquely infe- 
riorly, intermingling with fibers of the liga- 
ments above and below them, with those of 
the opposite side, and ventrally with the ten- 


dinous fibers of origin of the pectoralis 
major muscle. Together these structures 
form a thick fibrous membrane that envel- 
ops the sternum. This is more distinct over 
the inferior than over the superior part of the 
bone. 

The intra-articular sternocostal ligaments 
are found constantly only between the sec- 
ond costal cartilages and the sternum. The 
cartilage of the second rib is connected with 
the sternum by means of an intra-articular 
ligament, attached at its lateral end to the 
cartilage of the rib, and medially to the fibro- 
cartilage that unites the manubrium and 
body of the sternum. The second sternocos- 
tal joint contains two synovial membranes. 
Between these is the intra-articular ligament, 
which then continues medially within the 
manubriosternal joint. Occasionally the car- 
tilage of the third rib is connected with the 
first and second sternebrae of the body of 
the sternum by a similar ligament. Intra- 
articular ligaments may rarely be seen in the 
lower sternocostal joints in association with 
the original sternebrae that formed the ster- 
nal body. At times the intra-articular liga- 
ment obliterates the synovial cavity com- 
pletely, thereby transforming the joint into a 
synchondrosis. 

The costoxiphoid ligaments connect the 
anterior and posterior surfaces of the sev- 
enth costal cartilage, and sometimes those of 
the sixth, to the dorsal and ventral surfaces 
of the xiphoid process. They vary in length 
and breadth in different subjects, the dorsal 
ligaments being less distinct than the ven- 
tral. 
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Fic. 5-24, Sternocostal and interchondral articulations. Anterior view. 


Synovial Membranes. There is no synovial 
membrane between the first costal cartilage and the 
sternum because this cartilage is directly continuous 
with the manubrium. There are generally two in the 
articulation of the second costal cartilage and usu- 
ally one in each of the other joints. The synovial cavi- 
ties of the sixth and seventh sternocostal joints are 
sometimes absent, and when an intra-articular liga- 
ment is present, there are two synovial cavities. 
After middle life the articular surfaces of the carti- 
lages of most of the ribs become continuous with the 
sternum, and the joint cavities are consequently ob- 
literated. 

Movements. Slight gliding movements are per- 
mitted in the sternocostal articulations. 


Arteries and Nerves. The arterial supply to the 
sternocostal joints is derived from perforating 
branches of the internal thoracic arteries. The 
nerves come from the anterior perforating branches 
of the intercostal nerves. 


INTERCHONDRAL ARTICULATIONS (Fig. 5-24). 
The contiguous borders between the sixth 
and seventh, the seventh and eighth, the 
eighth and ninth, and sometimes those of the 
ninth and tenth costal cartilages articulate 
with each other by small, smooth, oblong 
facets. Each joint is enclosed in a thin articu- 
lar capsule, lined by synovial membrane 


and strengthened laterally and medially by 
fibrous interchondral ligaments which pass 
from one cartilage to the other. Sometimes 
the fifth costal cartilages, more rarely the 
ninth and tenth, articulate by their lower 
borders with the adjoining cartilages by 
small oval facets. More frequently, however, 
this connection consists simply of a few liga- 
mentous fibers. 

COSTOCHONDRAL ARTICULATIONS. ‘The lat- 
eral end of each costal cartilage is received 
into a slight depression in the sternal end of 
the rib. The cartilage and bone are bound 
together by the periosteum of the bone, 
which becomes continuous with the peri- 
chondrium of the cartilage. 


ARTICULATIONS OF THE STERNUM 


MANUBRIOSTERNAL ARTICULATION. The in- 
ferior surface of the manubrium is united 
with the superior border of the body of the 
sternum by a fibrocartilaginous disc, which 
is shaped to conform to the hyaline carti- 
lage-covered bony surfaces. The lateral mar- 
gins of this symphysis are contiguous with 
the second sternocostal joints. At times, the 
center of the disc softens, becomes ab- 
sorbed, and forms a cavity, thereby assum- 
ing the character of a synovial joint. At their 
articulation site, the manubrium and sternal 
body usually present a slight anteriorly pro- 
jecting ridge, called the sternal angle. This is 
generally palpable beneath the skin and 
serves as an important surface landmark to 
the clinician. After maturation, this joint 
becomes ossified in about 10% of individuals 
(Trotter, 1934). 

XIPHISTERNAL ARTICULATION. The articu- 
lation between the xiphoid process and 
the inferior border of the sternal body is 
cartilaginous. Bound by longitudinal fibers 
anteriorly and posteriorly, this joint is also 
secured laterally by radiating fibers of the 
sternocostal ligaments. Generally, the sev- 
enth costal cartilage articulates with the 
sternum at the lateral margins of the xiphis- 
ternal junction. By the thirtieth year, the 
xiphisternal joint has usually become ossi- 


fied. 


MECHANISM OF THE THORAX. Each rib possesses 
its own range of movements, but in combination 
they allow the respiratory excursions of the thorax. 
Each rib may be regarded as a lever, the fulcrum of 
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which is situated immediately lateral to the costo- 
transverse joint so that when the shaft of the rib is 
elevated, the neck is depressed and vice versa. Be- 
cause there is a disproportion in length of the arms 
of the lever, a slight movement at the vertebral 
end of the rib is greatly magnified at the anterior ex- 
tremity. 

The anterior ends of the ribs lie at a more inferior 
plane than the posterior ends, and thus, when the 
shaft of the rib is elevated, the anterior extremity is 
also thrust forward. Because the middle of the shaft 
of the rib lies at a plane inferior to one passing 
through the rib’s two extremities, the shaft is ele- 
vated at the same time as it is thrust forward from 
the median plane of the thorax (Fig. 5-25). Further, 
each rib forms the segment of a curve which is 
greater than that of the rib immediately above, and 
therefore the elevation of a rib also increases the 
transverse diameter of the thorax. The modifications 
of the rib movements at their vertebral ends have 
already been described (p. 354). Further modifica- 
tions in their movement result from the attachments 
of their ventral extremities. It is convenient, there- 
fore, to consider the movements of three different 
groups of ribs separately according to their anterior 
attachment: vertebrosternal, vertebrochondral, and 
vertebral. 

VERTEBROSTERNAL RIBS (Figs. 5-25; 5-26). 
The first rib differs from the others of this group 
because its attachment to the sternum is rigid. Its 
head, however, possesses no interarticular ligament, 
and is therefore somewhat more movable. The first 
pair of ribs moves with the manubrium as a single 
piece, the ventral portion being elevated by rotatory 
movements at the necks of the ribs near the verte- 





Ist Rib 


7th Rib 


Fic. 5-25. [Lateral view of first and seventh ribs in posi- 
tion, showing the movements of the sternum and ribs in 
A, ordinary expiration; B, quiet inspiration; C, deep in- 
Spiration. 
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bral extremities. In normal quiet respiration, the 
movement of this arc is practically ni/. When some 
movement does occur, the ventral part is raised and 
carried forward, increasing both diameters of this 
region of the chest. Movement of the second rib is 
also slight in normal respiration because its anterior 
extremity is fixed to the manubrium and therefore 
prevented from moving upward. The sternocostal 
articulation, however, allows the middle of the body 
of the second rib to be drawn up, and in this way the 
transverse thoracic diameter is increased. Elevation 
of the third to the sixth ribs raises and thrusts their 
anterior extremities forward, the greater part of the 
movement being effected by rotation of the rib neck. 
The manubriosternal joint allows the relative posi- 
tions of the manubrium and the body of the sternum 
to be adjusted when the anteroposterior thoracic di- 
ameter is increased. This movement is soon ar- 
rested, however, and the force is then expended in 
raising the middle part of the shaft of the rib, 
everting its lower border, and increasing the costo- 
chondral angle. 

VERTEBROCHONDRAL RIBS (Fig. 5-27). The sev- 
enth rib is included along with the eighth, ninth, 
and tenth ribs in this group because it conforms 
more closely to their type. Although the movements 
of these ribs assist in enlarging the thorax for respi- 
ratory purposes, they are also concerned in increas- 
ing the upper abdominal space for viscera displaced 
by the action of the diaphragm. The costal cartilages 
of the sixth through the tenth ribs articulate with one 
another, so that each pushes up the costal cartilage 
above it, the final thrust being directed to pushing 





FiG. 5-26. Diagram showing the axes of movement (AB 
and CD) of a vertebrosternal rib. The interrupted lines 
indicate the position of the rib during inspiration. 
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Fig. 5-27. Diagram showing the axis of movement (AB) 
of a vertebrochondral rib. The interrupted lines indicate 
the position of the rib during inspiration. 


forward and upward the lower end of the body of the 
sternum. The amount of elevation of the anterior ex- 
tremities is limited because of the very slight rotation 
of the rib neck. Elevation of the rib shaft is accompa- 
nied by an outward and backward movement. The 
outward movement everts the anterior end of the rib 
and widens the infrasternal angle, whereas the back- 
ward movement pulls back the anterior extremity 
and counteracts the forward thrust due to its eleva- 
tion; this latter is most noticeable in the lower ribs, 
which are the shortest. The total result is a consider- 
able increase in the transverse, and a diminution in 
the median anteroposterior, diameter of the upper 
part of the abdomen. At the same time, however, 
the lateral anteroposterior diameters of the abdomen 
are increased. 

VERTEBRAL RIBS. Because the eleventh and 
twelfth ribs have free anterior extremities and only 
costovertebral articulations with no intra-articular 
ligaments, they are capable of slight movements in 
all directions. When the other ribs are elevated, 
these are depressed and fixed by muscles to form 
Stable points of action for the diaphragm. 


LUMBOSACRAL, SACROCOCCYGEAL, AND 
INTERCOCCYGEAL JOINTS 


LUMBOSACRAL JOINT. The ligaments that 
articulate the fifth lumbar vertebra with the 
sacrum are similar to those that join any 
other two adjacent vertebrae in the spinal 
column. These include: (1) the continuation 


caudally of the anterior and posterior longi- 
tudinal ligaments; (2) a thick intervertebral 
disc, which connects the body of the fifth 
lumbar to that of the first sacral vertebra; 
(3) ligamenta flava, which unite the laminae 
of the fifth lumbar vertebra with those of the 
first sacral vertebra; (4) articular capsules, 
which surround the articular processes; and 
(5) interspinal and supraspinal ligaments. 

Additionally, on each side, the iliolumbar 
ligament connects the pelvis with the verte- 
bral column. 

The iliolumbar ligament (Fig. 5-29) is at- 
tached to the lateral tip and to the anterior 
and inferior aspects of the transverse proc- 
ess of the fifth lumbar vertebra. It radiates as 
it passes laterally and is attached by two 
main bands to the pelvis. The more inferior 
band, called the lumbosacral ligament, 
courses to the base of the sacrum and blends 
with the anterior sacroiliac ligament. The 
more superior band is attached to the crest 
of the ilium immediately anterior to the sac- 
roiliac articulation, and is continuous with 
the thoracolumbar fascia. The psoas major 
muscle lies anterior to the iliolumbar liga- 
ment, while the muscles occupying the ver- 
tebral groove are posterior to it. The quadra- 
tus lumborum, which partially arises from 
the ligament, extends superiorly. 

SACROCOCCYGEAL JOINT. The sacrococcyg- 
eal joint is a slightly movable symphysis in- 
terposed between the inferiorly directed, 
oval apex of the sacrum and the cranially 
oriented base of the coccyx. Between the 
bones is a fibrocartilaginous disc, but at a 
more advanced age, the joint may become 
ankylosed. The sacrococcygeal joint is ho- 
mologous with those between the bodies of 
the vertebrae, and is secured by similar liga- 
ments. 

Ligaments. The ligaments at the sacro- 
coccygeal joint are: 


Ventral sacrococcygeal 
Dorsal sacrococcygeal 
Lateral sacrococcygeal 
Disc of fibrocartilage 
Interarticular 


The ventral sacrococcygeal ligament con- 
sists of a few irregular fibers that descend 
from the ventral surface of the sacrum to 
that of the coccyx, blending with the perios- 
teum. This ligament forms a caudal exten- 
sion of the anterior longitudinal ligament. 
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The dorsal sacrococcygeal ligament is a 
flat band that arises from the margin of the 
distal orifice of the sacral canal, and de- 
scends to be inserted into the dorsal surface 
of the coccyx. This ligament completes the 
distal part of the sacral canal and is divisible 
into a short deep portion, which is a direct 
continuation of the posterior longitudinal 
ligament of the spinal column, and a longer 
superficial part. The gluteus maximus mus- 
cle overlies the ligament dorsally. 

The lateral sacrococcygeal ligament is 
found on each side and, similar to the inter- 
transverse ligaments, connects the _ trans- 
verse process of the first coccygeal vertebra 
to the lower lateral angle of the sacrum. 
With these two bones it completes the fora- 
men for the fifth sacral nerve. 

A disc of fibrocartilage is interposed be- 
tween the contiguous surfaces of the sacrum 
and coccyx. It is oval in shape and measures 
about 2cm in diameter. This disc differs 
from those between the bodies of the verte- 
brae because it is thinner and its central part 
is firmer in texture. It is somewhat thicker 
ventrally and dorsally than at the sides. Oc- 
casionally the coccyx is freely movable on 
the sacrum, especially during pregnancy, 
and in these instances a synovial membrane 
is present. 

The intercornual ligaments are thin fi- 
brous bands that unite the cornua of the coc- 
cyx with the sacral horns. 

INTERCOCCYGEAL Joints. The different 
segments of the coccyx are interconnected 
by the extension distally of the ventral and 
dorsal sacrococcygeal ligaments. In younger 
subjects, thin annular discs of fibrocartilage 
are interposed between the coccygeal seg- 
ments. In the adult male, all the segments 
become ossified together at a comparatively 
early period, but in the female this does not 
commonly occur until a later period of life. 


MOVEMENTS. The movements that take place be- 
tween the sacrum and coccyx, and between the dif- 
ferent pieces of the latter bone, are quite limited and 
simply forward and backward in direction. During 
defecation and parturition, the coccyx is pushed 
backward. 

ARTERIES AND NERVES. The lumbosacral, sacro- 
coccygeal, and intercoccygeal joints are supplied by 
the iliolumbar, middle sacral, and lateral sacral ar- 
teries. The nerve supply is derived from sensory 
branches of the corresponding segmental spinal 
nerves. 


360 LS Ss 
ARTICULATIONS OF THE PELVIS 


The ligaments connecting the bones of the 
pelvis with each other may be divided into 
three groups: (1) those connecting the sac- 
rum and ilium; (2) two accessory ligaments 
passing between the sacrum and ischium:; 
and (3) those between the two pubic bones. 

SACROILIAC JOINT (Figs. 5-28 to 5-30; 5-32). 
The sacroiliac joint is a synovial joint that 
permits little movement. It connects the au- 
ricular surfaces of the sacrum and the ilium, 
and the interfacing borders of each bone are 
covered with cartilage. Covering the sacral 
surface is a layer of hyaline cartilage, which 
is thicker in depth than the fibrocartilage 
layer overlying the articular surface of the 
lium. The joint surfaces are irregularly 
shaped, and the interconnecting bones fit 
snugly, thus restricting movement and but- 
tressing the weight-bearing function of the 
joint. In advanced life, the cavity of the joint 
may be reduced in size or even nonexistent 
because of fibrous adhesions and synostosis. 
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This seems especially true in males. Sur- 
rounding the articular surfaces is a fibrous 
articular capsule. 

Ligaments. ‘The bones are held together 
by the following ligaments: 


Ventral sacroiliac 
Dorsal sacroiliac 
Interosseous 


The ventral sacroiliac ligament (Fig. 5-29) 
consists of numerous thin fibrous bands 
which unite the base and lateral part of the 
sacrum to the margin of the auricular sur- 
face of the ilium and to the preauricular sul- 
cus. It blends with the periosteum on the 
pelvic surface and reaches the arcuate line. 

The dorsal sacroiliac ligament (Fig. 5-30) is 
quite strong and forms an important band of 
union between the sacrum and ilium. It is 
situated posteriorly in a deep depression 
between the two bones and consists of nu- 
merous fasciculi which course in various 
directions. The deeper part is called the 
short posterior sacroiliac ligament, and it is 
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Fic. 5-28. A coronal section through the pelvis showing the sacroiliac joint through the anterior sacral segment. Note 
the interosseous sacroiliac ligament filling the cleft above and behind the joint cavity. (From Benninghoff and 


Goerttler, 1975.) 
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Fic. 5-29. The joints and ligaments of the right half of the pelvis. Anterior superior aspect. 


nearly horizontal in direction, passing inferi- 
orly and medially from the first and second 
transverse tubercles on the dorsum of the 
sacrum to the tuberosity of the ilium. The 
more superficial portion is oriented longitu- 
dinally and is called the long posterior sac- 
roiliac ligament. It partially covers the short 
ligament and attaches above to the posterior 


superior iliac spine and to the second, third, 
and fourth articular tubercles of the sacrum. 
Descending a bit obliquely, it becomes con- 
tinuous with the sacrotuberous ligament. 
The interosseous sacroiliac ligament (Fig. 
5-28) is the strongest of the ligamentous con- 
nections between the two bones. It lies deep 
to the dorsal sacroiliac ligament, and con- 
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Fic. 5-30. The joints and ligaments of the right side of the pelvis. Posterior aspect. 


sists of a series of short, strong fibers con- 
necting the tuberosities of the sacrum and 
ilium. By filling the narrow cleft above and 
behind the articular surfaces, its more super- 
ficial fibers blend with those of the short 
posterior sacroiliac ligament. 


TWO ACCESSORY LIGAMENTS PASSING BE- 
TWEEN THE SACRUM AND THE ISCHtum. The 
lower posterolateral wall of the pelvis is not 
enclosed by bone. Instead two important 
accessory ligaments attach from the sacrum 
and lower ilium to the ischium, converting 


the large sciatic notch into the greater 
and lesser sciatic foramina. The two liga- 
ments are: 


Sacrotuberous 
Sacrospinous 


The sacrotuberous ligament (Figs. 5-29; 
5-30) is a broad, flat, fan-shaped complex of 
fibers attaching above to the posterior supe- 
rior and posterior inferior iliac spines, the 
fourth and fifth transverse tubercles of the 
sacrum, and the caudal part of the lateral 
margin of the sacrum and upper coccyx. 
Passing obliquely downward and laterally, 
the ligament is fixed to the medial margin of 
the ischial tuberosity. Before the converging 
fibers reach the tuberosity they first form a 
strong, thick band, and then again fan out as 
they attach to the tuberosity. Some of its fi- 
bers are prolonged forward along the ramus 
of the ischium as the falciform process, to 
which the obturator fascia is attached. The 
caudal border of the ligament is directly 
continuous with the tendon of origin of the 
biceps femoris muscle, and may be consid- 
ered to be the proximal end of this tendon, 
interrupted in its projection by the tuberos- 
ity of the ischium. Many of the proximal fi- 
bers of the sacrotuberous ligament blend 
with those of the long posterior sacroiliac 
ligament. The posterior surface of the sacro- 
tuberous ligament gives origin to the gluteus 
maximus muscle; its anterior surface is, in 
part, united to the sacrospinous ligament 
and, in part, gives origin to some fibers of the 
piriformis muscle. 

The sacrospinous ligament (Figs. 5-29; 
5-30) is thin and triangular and is attached 
by its broad base to the lateral margins of the 
sacrum and coccyx, where its fibers are in- 
termingled with those of the intrapelvic sur- 
face of the sacrotuberous ligament. Its apex 
extends laterally to the spine of the ischium. 
The anterior surface of the sacrospinous lig- 
ament gives attachment to the coccygeus 
muscle, while posteriorly, it is covered by 
the sacrotuberous ligament and crossed by 
the internal pudendal vessels and nerve. The 
sacrospinous ligament transforms the sciatic 
notch into the greater and lesser sciatic fo- 
ramina, its superior border forming the 
lower boundary of the greater sciatic fora- 
men, and its inferior border, part of the 
upper margin of the lesser sciatic foramen. 
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GREATER AND LESSER SCIATIC FORAMINA (Figs. 
5-28 to 5-30). The greater sciatic foramen is 
bounded in front and above by the posterior border 
of the hip bone, behind by the sacrotuberous liga- 
ment, and be/ow by the sacrospinous ligament. It is 
partially occupied by the piriformis muscle, which 
leaves the pelvis through it. Above this muscle, the 
superior gluteal vessels and nerve emerge from the 
pelvis, and below it, the inferior gluteal vessels and 
nerve, the internal pudendal vessels and nerve, the 
sciatic and posterior femoral cutaneous nerves, and 
the nerves to the obturator internus and quadratus 
femoris all make their exit from the pelvis. The 
lesser sciatic foramen is bounded /n front by 
the tuberosity and body of the ischium, above by the 
spine of the ischium and sacrospinous ligament, and 
behind by the sacrotuberous ligament. It transmits 
the tendon of the obturator internus muscle, its 
nerve, and the internal pudendal vessels and nerve. 


PUBIC SYMPHYSIS (Fig. 5-31). This cartilag- 
inous articulation in the midline between 
the pubic bones is a slightly movable joint. 
Interconnecting the two oval, articular sym- 
physial surfaces of the bones is a fibro- 
cartilaginous disc. In the female the joint is 
somewhat shorter and broader than in the 
male. 

Ligaments. 
symphysis are: 


The ligaments of the pubic 


Superior pubic 
Arcuate pubic 
Interpubic disc 


The superior pubic ligament (Fig. 5-31) 
connects the two pubic bones superiorly and 
extends laterally as far as the pubic tuber- 
cles. From its yellowish fibers arises the rec- 
tus abdominis muscle. 

The arcuate pubic ligament (Fig. 5-31) is a 
thick, triangular band of ligamentous fibers 
connecting the two pubic bones inferiorly, 
and forming the boundary of the pubic arch. 
Above, it is blended with the interpubic fi- 
brocartilaginous disc. Laterally, it is at- 
tached to the inferior rami of the pubic 
bones, and its inferior free border is sepa- 
rated from the fascia of the urogenital dia- 
phragm by an opening through which the 
deep dorsal vein of the penis or clitoris 
passes into the pelvis. 

The interpubic disc of fibrocartilage is in- 
terposed between the adjacent surfaces of 
the pubic bones (Fig. 5-31). Both surfaces are 
covered by a thin layer of hyaline cartilage 
firmly joined to the bone. A series of nipple- 
like processes snugly fits into corresponding 
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Fic. 5-31. Symphysis pubis exposed by a coronal section. 


depressions on the osseous surfaces. The fi- 
brocartilaginous disc intervening between 
the opposed cartilage-covered surfaces var- 
ies in width, but usually is thicker in females 
than in males. Frequently, a cavity is seen in 
the upper posterior part of the joint (shown 
as a fine line in Fig. 5-31). This cavity proba- 
bly is formed by the softening and absorp- 
tion of fibrocartilage, since it rarely appears 
before the tenth year of life and is not lined 
by synovial membrane. The disc is strength- 
ened anteriorly by decussating fibers which 
pass obliquely from one bone to the other 
and interlace with fibers of the aponeuroses 
of the external oblique muscles and the 
medial tendons of origin of the rectus ab- 
dominis muscles. 


MECHANISM OF THE PELVIS. The pelvic girdle 
supports and protects the contained viscera; in addi- 
tion, it affords surfaces for the attachment of trunk 
and lower limb muscles. Because of our upright pos- 
ture, the most important mechanical function of the 
human pelvis is to transmit the weight of the trunk 
and upper limbs to the lower limbs. From the last 
lumbar vertebra, the weight of the upper body is 
transmitted through the sacrum to the ilium and 
then to the head of the femur to the acetabulum. 

The pelvic girdle may be divided into a posterior 


and an anterior arch by a vertical plane passing 
through the acetabular cavities. The posterior arch is 
the one chiefly concerned in the transmission of 
weight. Its essential parts are the upper three sacral 
vertebrae and two strong pillars of bone extending 
from the sacroiliac joints to the acetabular cavities. 
The anterior arch is formed by the bodies of the 
pubic bones and their superior rami, which articu- 
late in the middle of the arch at the symphysis pubis. 

Thus, for the diffusion of weight, each acetabular 
cavity is strengthened not only by the superior 
ramus of the pubis, but also by the upper portion of 
the body of the ramus. The sacroiliac joints, inter- 
posed between the sacrum and the ilia, lessen the 
concussion to rapid changes in the distribution of 
weight. Additionally, the symphysis pubis in the 
center of the anterior arch helps to dissipate sudden 
weight displacements. 

The sacrum forms the summit of the posterior 
arch. The weight transmitted from the upper part of 
the body is received by the sacrum at the lumbosac- 
ral articulation and, theoretically, is transmitted by 
two components in different directions. One compo- 
nent of the force is expended in driving the sacrum 
downward and backward between the iliac bones, 
while the other thrusts the upper end of the sacrum 
downward and forward toward the pelvic cavity. 

The movements of the sacrum are regulated by its 
form. Viewed in its entirety, it presents the shape of 
a wedge with its base oriented upward and forward. 
The first component of the force is therefore acting 
against the resistance of the wedge, and its tend- 


ency to separate the iliac bones is resisted by the 
sacroiliac and iliolumbar ligaments and by the liga- 
ments of the pubic symphysis. 

If a series of coronal sections of the sacroiliac 
joints is made, it is possible to divide the articular 
portion of the sacrum into three segments, anterior, 
middle, and posterior. In the first or anterior seg- 
ment (Fig. 5-32, A), which involves the first sacral 
vertebra, the articular surfaces are nearly parallel, 
although the distance between their posterior mar- 
gins is slightly greater than that between their ante- 
rior margins. This segment therefore presents a 
slight wedge shape with the truncated apex down- 
ward and forward. The second or middle segment 
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(Fig. 5-32, 8) is a narrow band across the centers of 
the articulations. Its posterior width is distinctly 
greater than its anterior, so that the segment is more 
definitely wedge-shaped, the truncated apex being 
again directed downward and forward. In the center 
of each sacral articular surface is seen a marked con- 
Cavity into which a corresponding convexity of the 
iliac articular surface fits, forming an interlocking 
mechanism. In the third or posterior segment (Fig. 
5-32, C), the anterior width is greater than the pos- 
terior, so that the wedge form is the reverse of those 
of the other segments, and the truncated apex is 
directed backward and upward. The sacral articular 
surfaces are only slightly concave. 
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Fic. 5-32. Coronal sections through the sacroiliac joint: A, through the anterior or first sacral segment; B, through the 
middle or second sacral segment; C, through the posterior or third sacral segment. 
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Dislocation downward and forward of the sacrum 
by the second component of the force applied to it is 
prevented, therefore, by the second or middle seg- 
ment, which interposes the resistance of its wedge 
shape and that of the interlocking mechanism on its 
surfaces. As a result, a rotatory movement is pro- 
duced by which the anterior or first segment is tilted 
downward and the posterior or third segment is 
tilted upward. The axis of this rotation passes 
through the posterior part of the second or middle 
segment. Movement of the anterior or first segment 
is slightly limited by its wedge form, but chiefly by 
the dorsal and interosseous sacroiliac ligaments. 
Similarly, movement of the posterior or third seg- 
ment is checked to a slight extent by its wedge form, 
but principally by the sacrotuberous and sacrospi- 
nous ligaments. In all these movements the effect of 
the sacroiliac and iliolumbar ligaments and the liga- 
ments of the symphysis pubis in resisting the separa- 
tion of the iliac bones must be recognized. 

During pregnancy the pelvic joints become some- 
what more mobile because of the softening of the 
symphysial cartilage and the relaxation of the liga- 
ments. Thus, the degree of sacral rotation allowable 
increases slightly, and during childbirth this also 
may afford a slight increase in the diameter of the 
pelvis. When the fetus is being expelled, force is 
applied from within the pelvis to the sacrum. Signifi- 
cant upward dislocation, however, is prevented by 
the interlocking mechanism of the second or middle 
segment. As the fetal head passes the anterior seg- 
ment, the latter is rotated upward, enlarging slightly 
the dorsoventral diameter of the pelvic inlet. When 
the head reaches the posterior segment of the sac- 
rum, this also is pressed upward against the resist- 
ance of its wedge, the movement being possible 
only by the laxity of the joints and the stretching of 
the sacrotuberous and sacrospinous ligaments. 


Articulations of the 
Upper Extremity 


The shoulder girdle is a term referring to 
the means by which the upper limb is ap- 
pended to the trunk. It consists of the scapu- 
lae and clavicles, and anteriorly the girdle is 
completed by the manubrium of the ster- 
num, to which the clavicles are joined at the 
sternoclavicular joints. Posteriorly, the scap- 
ulae do not articulate with the axial skele- 
ton, but are attached to ribs and vertebral 
column by muscles. Laterally, the scapula is 
attached on each side to the clavicle at the 
acromioclavicular joint. The humerus artic- 
ulates with the scapula at the shoulder joint 
and is also joined below to the bones of the 
forearm at the elbow joint. The radioulnar 
joints lend stability to the forearm and af- 


ford the hand increased mobility. The wrist 
joint interposes the forearm and the hand, 
and between the carpal bones of the wrist 
are found the intercarpal joints. The skele- 
ton of the hand consists of metacarpal bones 
which articulate (1) proximally, with the 
carpal bones at the carpometacarpal joints, 
(2) with each other by means of intermeta- 
carpal joints, and (3) distally, with the pha- 
langes of the digits at the metacarpophalan- 
geal joints. Finally, the segments of the 
fingers and thumb articulate at the interpha- 
langeal joints. 


SHOULDER GIRDLE 


The shoulder girdle significantly increases 
the mobility of the upper limb. Interconnect- 
ing its structures are the sternoclavicular 
and acromioclavicular joints. 

STERNOCLAVICULAR JOINT. The sternocla- 
vicular joint (Fig. 5-33) is a double gliding 
joint. Entering into its formation are the ster- 
nal end of the clavicle, the superior and lat- 
eral part of the manubrium sterni at the cla- 
vicular notch, and the cartilage of the first 
rib. The articular surface of the clavicle is 
much larger than that of the sternum, and it 
is invested with a layer of fibrocartilage 
which is thicker than that on the sternum. 
The bones are not well adapted for articula- 
tion and actually are nowhere in contact, 
being separated completely by an articular 
disc. 

Ligaments. 
are: 


The ligaments of this joint 


Articular capsule 
Anterior sternoclavicular 
Posterior sternoclavicular 
Interclavicular 
Costoclavicular 

Articular disc 


The articular capsule surrounds the artic- 
ulation and varies in thickness and strength. 
In front and behind, it is of considerable 
thickness and is reinforced by the anterior 
and posterior sternoclavicular ligaments. 
Superiorly, the capsule is strengthened 
somewhat by the interclavicular ligament, 
but inferiorly, it is thin and partakes more of 
the character of areolar tissue. 

The anterior sternoclavicular ligament 
(Fig. 5-33) is a broad band of fibers covering 
the anterior surface of the joint. It is at- 
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Fic. 5-33. The sternoclavicular joints. Anterior aspect. 


tached above to the upper and front part of 
the sternal end of the clavicle. Passing ob- 
liquely downward and medialward, the liga- 
ment is attached below to the front and 
upper part of the manubrium sterni. This liga- 
ment is covered by the sternal portion of the 
sternocleidomastoid muscle and behind it 
lies the articular capsule, the articular disc, 
and the two synovial membranes. 

The posterior sternoclavicular ligament is 
a band of fibers similar to the anterior liga- 
ment, but covering the dorsal surface of the 
articulation. It is attached to the superior 
part of the sternal end of the clavicle, and 
passing obliquely medialward, it is fixed 
below to the back of the upper part of the 
manubrium sterni. Adjacent to the ligament 
anteriorly are the articular disc and synovial 
membranes, while posteriorly lie the sterno- 
hyoid and sternothyroid muscles. 

The interclavicular ligament (Fig. 5-33) is a 
flattened band of varying size in different 
individuals which considerably strengthens 
the superior part of the capsule. It passes in a 
curved manner from the upper part of the 
sternal end of one clavicle to that of the 
other, and is also attached to the superior 
margin of the sternum, forming the floor of 
the jugular notch. Ventral to the ligament are 
the sternocleidomastoid muscles and the 
skin, while dorsal to it are the sternohyoids. 

The costoclavicular ligament (Fig. 5-33) is 
a short, flat, strong and rhomboid-shaped 
band located outside the capsule, lateral to 
the joint. It is attached below to the upper 
and medial part of the cartilage of the first 
rib, and ascends obliquely backward and 


laterally to the costal tuberosity on the infe- 
rior surface of the clavicle. Immediately an- 
terior to the ligament is the tendon of origin 
of the subclavius muscle, while behind it 
courses the subclavian vein. 

The articular disc is flat, nearly circular, 
and interposed between the articulating sur- 
faces of the sternum and clavicle. Above, it 
is attached to the dorsal superior border 
of the articular surface of the clavicle and, 
below, to the cartilage of the first rib near its 
junction with the sternum. By the rest of 
its circumference the disc adheres to the in- 
terclavicular and anterior and _ posterior 
sternoclavicular ligaments. It is thicker near 
its rounded margin, especially its upper and 
posterior part, than at its center. The disc 
divides the joint into two cavities, each of 
which is furnished with a synovial mem- 
brane. 


Synovial Membranes. The more lateral of the 
two synovial cavities is lined by a membrane that is 
reflected from the sternal end of the clavicle, over 
the adjacent surface of the articular disc, and around 
the margin of the facet on the cartilage of the first 
rib. The synovial membrane lining the more medial 
cavity is attached to the margin of the articular sur- 
face of the sternum and clothes the adjacent surface 
of the articular disc. The lateral cavity is often a bit 
larger than the medial and its capsular covering 
somewhat looser. The two cavities may communi- 
cate by way of a perforation in the articular disc. 

Arteries and Nerves. The arteries supplying 
twigs to the sternoclavicular joint include: (1) the 
internal thoracic (from subclavian), (2) the supra- 
scapular (from thyrocervical trunk), and (3) the 
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supreme thoracic or clavicular branch of the thora- 
coacromial artery (from subclavian). The nerves to 
the sternoclavicular joint are derived from the more 
medial of the supraclavicular nerves, and a branch 
from the nerve to the subclavius muscle. 

Movements. The sternoclavicular joint allows 
limited movement in nearly every direction. When 
movements occur in this joint, the clavicle carries 
the scapula with it, and in turn the scapula glides 
Over the surface of the thorax. This joint therefore 
forms the center from which all movements of the 
Supporting arch of the shoulder originate, and is 
the only articulation of the shoulder girdle with the 
trunk. 

Elevation and depression of the shoulder take 
place between the clavicle and the articular disc, the 
bone rotating upon the ligament on an axis drawn 
through its own articular facet. When the shoulder is 
moved forward (protraction) or backward (retrac- 
tion), the clavicle and the articular disc roll to and fro 
on the articular surface of the sternum, revolving 
with a sliding movement around an axis drawn 
nearly vertically through the sternum. In circumduc- 
tion at the shoulder joint, an action that combines 
the other movements, the clavicle revolves upon the 
articular disc, which, with the clavicle, rolls upon the 
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sternum. Elevation of the shoulder is limited princi- 
pally by the costoclavicular ligament, and depres- 
sion, by the interclavicular ligament and articular 
disc. 

The muscles that e/evate the shoulder are the cra- 
nial fibers of the trapezius, the levator scapulae, and 
the clavicular head of the sternocleidomastoid, as- 
sisted to a certain extent by the rhomboids. Depres- 
sion of the shoulder is principally effected by gravity 
assisted by the subclavius, pectoralis minor, and 
caudal fibers of the trapezius. The shoulder is pro- 
tracted (drawn forward) by the serratus anterior and 
pectoralis minor, and it is retracted (drawn back- 
ward) by the rhomboids and the middle and caudal 
fibers of the trapezius. 


ACROMIOCLAVICULAR JOINT. The acromio- 
clavicular joint (Figs. 5-34; 5-35) is a small 
synovial joint of the plane or gliding type 
between the acromial end of the clavicle and 
the medial margin of the acromion of the 
scapula. Both bony surfaces, covered with 
fibrocartilage, slope downward, and the 
clavicle has a tendency to override the acro- 
mion. 
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Roentgenogram of adult shoulder, 1, acromion; 2, acromioclavicular joint. The lower arrow indicates the 


inferior angle of the scapula, the upper arrow the greater tuberosity of the humerus. Note that the shadow of the head 
of the humerus overlaps the shadow of the acromial! angle and a part of the glenoid cavity. 





FiG. 5-35. The left shoulder and acromioclavicular joints viewed from the anterior aspect. 


Ligaments. The joint is surrounded by an 
articular capsule and its ligaments are: 


Articular capsule 
ACLOMIOClaViICUlAE 
Articular disc 
Coracoclavicular 
Trapezoid ligament 
Conoid ligament 


The articular capsule completely sur- 
rounds the articular margins and is strength- 
ened above by the acromioclavicular liga- 
ment. It is somewhat lax so that the clavicle 
is not bound tightly to the acromion. 

The acromioclavicular ligament (Fig. 5-35) 
is a quadrilateral band of parallel fibers 
that strengthens the superior part of the 
articular capsule, extending between the 
acromial end of the clavicle and the adjoin- 
ing part of the acromion. It interlaces with 
the aponeuroses of the trapezius and deltoid 
and is in contact with the articular disc 
when this is present. Inferiorly, this ligament 
is thinner and is adjacent to the tendon of 
the supraspinatus muscle. 

The articular disc, which is occasionally 


present, only partially separates the articular 
surfaces and occupies the superior part of 
the articulation, where it attaches to the cap- 
sule. More rarely, it completely divides the 
joint into two cavities. There is usually only 
one synovial membrane in this articulation, 
but when a complete articular disc is pres- 
ent, there are two. 

The coracoclavicular ligament (Fig. 5-35) 
connects the clavicle with the coracoid proc- 
ess of the scapula. Although placed at some 
distance medial to this articulation, it forms 
the most powerful union between the scap- 
ula and the clavicle. It consists of two parts 
which, because of their shapes, are called 
the trapezoid and conoid ligaments. These 
two ligamentous bands are separated by a 
bursa near their attachment anteriorly and 
medially along the coracoid process. 

The trapezoid ligament, placed anterolat- 
erally, is broad, thin, and quadrilateral, and 
it courses obliquely between the coracoid 
process and the clavicle. It is attached below 
to the superior surface of the coracoid proc- 
ess and above to the oblique ridge on the 
inferior surface of the clavicle. Directed 
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nearly horizontally, the ventral border of the 
ligament is free, while its dorsal border is 
joined with the conoid ligament, the two 
forming an angle by their junction which 
projects backward. 

The conoid ligament is oriented in a poste- 
rior and medial direction. It is a dense band 
of fibers, conical in form, attached by its 
apex to a rough impression on the postero- 
medial edge of the coracoid process, medial 
to the trapezoid ligament. Its expanded base 
is directed to the coracoid tuberosity on the 
inferior surface of the clavicle, and along a 
short line proceeding medialward from the 
tubercle. These ligaments are adjacent to the 
subclavius and deltoid anteriorly, and the 
trapezius muscle posteriorly. 


Movements. Two types of movement are per- 
mitted between the clavicle and the scapula: (1) a 
gliding motion of the articular end of the clavicle on 
the acromion; (2) rotation of the scapula forward 
and backward upon the clavicle, the extent of which 
is limited by the coracoclavicular ligament. Forward 
rotation is limited by the trapezoid ligament, while 
backward rotation is limited by the conoid. 

The acromioclavicular and sternoclavicular joints 
function cooperatively whenever the scapula 
changes its position on the posterior chest wall. The 
acromion is held by the clavicle at a fixed distance 
from the sternum, and thus, the clavicle serves as 
the radius of a circle through which the acromion 
must move. Because the diameter of this circle is 
greater than that of the curvature of the chest wall, 
the vertebral border of the scapula would be forced 
to swing away from the chest when the scapula is 
moved ventrally. The acromioclavicular joint allows 
the scapula to adjust its position so that it remains in 
close contact with the chest. 


INTRINSIC LIGAMENTS OF THE SCaPULA. The 
following intrinsic ligaments of the scapula 
pass between different parts of that bone, 
and do not interconnect different bones at 
any joint: 


Coracoacromial 
Superior transverse scapular 
Inferior transverse scapular 


The coracoacromial ligament (Fig. 5-35) is 
a strong triangular band extending between 
the coracoid process and the acromion. Its 
apex is attached to the summit of the acro- 
mion just anterior to the articular surface for 
the clavicle, and its broad base is fixed to the 
whole length of the lateral border of the cor- 
acoid process. This ligament, together with 
the coracoid process and the acromion, 


forms an arch overlying the superior aspect 
of the head of the humerus. It is related su- 
periorly to the clavicle and inner surface of 
the deltoid muscle, and inferiorly to the ten- 
don of the supraspinatus with a bursa being 
interposed. Its lateral border is continuous 
with a dense connective tissue lamina, 
which passes deep to the deltoid upon the 
tendons of the supraspinatus and infraspina- 
tus. The coracoacromial ligament sometimes 
consists of two marginal bands and a thinner 
intervening portion, the two bands being at- 
tached respectively to the tip and base of the 
coracoid process, joining together at the 
acromion. When the pectoralis minor mus- 
cle is inserted into the capsule of the shoul- 
der joint instead of into the coracoid proc- 
ess, aS occasionally occurs, it passes between 
these two bands, and the intervening portion 
of the ligament is then deficient. 

The superior transverse scapular ligament 
(Figs. 5-35; 5-36), sometimes referred to as the 
Suprascapular ligament, converts the scapu- 
lar notch into a foramen. It is a thin, flat fas- 
ciculus, attached by one end to the base of 
the coracoid process, and by the other to the 
upper border of the scapula on its dorsal sur- 
face near the medial end of the scapular 
notch. The ligament is sometimes ossified, 
thereby forming a bony foramen. The supra- 
scapular nerve courses through the foramen, 
and the suprascapular vessels cross over the 
ligament. Medially, some fibers of the infe- 
rior belly of the omohyoid muscle attach to 
the ligament. 

The inferior transverse scapular ligament, 
when present, is a weak membranous band 
stretching from the lateral border of the 
scapular spine to the margin of the glenoid 
cavity. It forms an arch under which the 
Suprascapular vessels and nerve enter the 
infraspinatous fossa. 


SHOULDER JOINT 


The shoulder joint (Figs. 5-34 to 5-38) is a 
spheroid or ball-and-socket joint in which 
an elegant freedom of movement is allowed 
at some expense to its strength and stability. 
The bones entering into its formation are the 
hemispherical head of the humerus and the 
shallow glenoid cavity of the scapula. Some 
protection of the joint against displacement 
is afforded by its ligaments and by the ten- 
dons and muscles that surround it. The liga- 
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Fic. 5-36 A frontal section through the head of the left humerus and shoulder joint. Anterior half, viewed from 


behind. 


ments alone, however, do not maintain the 
joint surfaces in apposition, because when 
the muscles and tendons are removed, the 
humerus can be separated to a considerable 
extent from the glenoid cavity. The ligamen- 
tous protection supplied by the muscles and 
tendons effectively limits the degree of 
movement allowed at the joint. Additional 
protection superiorly is supplied by the arch 
formed by the coracoid process, acromion, 
and coracoacromial ligament. Both articular 
surfaces are covered with hyaline carti- 
lages, although a small amount of fibrocarti- 
lage is seen in the glenoid cavity. The carti- 
lage on the head of the humerus is thicker at 
the center than at the circumference, the 
reverse being the case with the articular car- 
tilage of the glenoid cavity. The glenoid cav- 
ity is deepened by a fibrocartilaginous rim 
attached to its bony margin. 

Ligaments. The ligaments of the shoulder 
joint are: 


Articular cartilage 
Coracohumeral 
Glenohumeral 
Glenoidal labrum 
Transverse humeral 


The articular capsule (Figs. 5-35 to 5-37) 
completely encases the joint, being attached 
medially to the circumference of the glenoid 
cavity beyond the glenoidal labrum, reach- 
ing the neck of the scapula, as far as the root 
of the coracoid process. Laterally, the cap- 
sule is fixed to the anatomical neck of the 
humerus, approaching the articular cartilage 
more closely superiorly than inferiorly, be- 
cause its attachment below extends along 
the neck of the bone about 10 to 12 mm. It is 
thicker above and below than at its middle, 
and is so remarkably loose and lax that it 
does not keep the bones in contact, allowing 
them to be separated by as much as 2.5 cm. 
The looseness of the articular capsule is an 
important factor in the extreme freedom of 
movement peculiar to the shoulder joint. 
The capsule is reinforced above by the su- 
praspinatus; below by the long head of the 
triceps; behind by the tendons of the infra- 
spinatus and teres minor; and in front by the 
tendon of the subscapularis. In the passage 
of the tendons of the subscapularis, supra- 
spinatus, infraspinatus, and teres minor over 
the fibrous capsule to their insertions on the 
tubercles of the humerus, they blend to- 
gether with the capsule to form a musculo- 
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Fig. 5-37. Interior of the right shoulder joint. Lateral aspect. 
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Fic. 5-38. Synovial membrane of shoulder joint (distended). Anterior aspect. 


tendinous or rotator cuff. The cuff is least 
complete inferiorly, where the joint is quite 
weak. There are usually three openings in 
the capsule. One is anteriorly located below 
the coracoid process, and establishes a com- 
munication between the joint and a bursa 
beneath the tendon of the subscapularis. The 
second, which is not constant, lies posteri- 
orly, where an opening sometimes exists 
between the joint and a bursal sac under the 
tendon of the infraspinatus. The third is lo- 
cated anterolaterally between the tubercles 
of the humerus and allows the passage of the 
long tendon of the biceps brachii muscle. 

The coracohumeral ligament is a broad 
band that strengthens the upper part of the 
capsule (Fig. 5-35). From the lateral border of 
the root of the coracoid process, it takes a 
slightly spreading and oblique course later- 
ally to the anterior border of the greater tu- 
bercle of the humerus, lateral to the tendon 
of the long head of the biceps. At its humeral 
attachment it blends with the tendon of the 
supraspinatus superficial to it, and with the 
capsule deep to it (except for its anterior free 
border, which overlaps the capsule). 

The glenohumeral ligaments are robust 
thickenings of the articular capsule over the 
anterior part of the joint. They are described 
as three ligaments, but their individuality is 
sometimes difficult to demonstrate. They 
may be seen in dissection, however, if the 
joint is disarticulated (Fig. 5-37), or if the 
capsule is opened posteriorly and the head 
of the humerus is removed, allowing the ob- 
server to view the inner surface of the ante- 
rior capsule from behind. The superior gle- 
nohumeral ligament is attached to the apex 
of the glenoid cavity, courses laterally along 
the medial edge of the biceps tendon (long 
head), and becomes fixed to a small depres- 
sion at the top of the lesser tubercle. Sepa- 
rated from the coracohumeral ligament by 
the biceps tendon, the superior glenohu- 
meral ligament courses between the long 
head tendon and the tendon of the subscap- 
ularis. The middle glenohumeral ligament is 
attached to the medial edge of the glenoid 
cavity of the scapula and stretches across the 
joint to the lower part of the lesser tubercle. 
When there is a communication between the 
synovial cavity and the subscapular bursa, it 
is found between the superior and middle 
ligaments. The inferior glenohumeral liga- 
ment extends from the inferior edge of the 
glenoid cavity to the lower part of the ana- 
tomical neck of the humerus. 
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The transverse humeral ligament (Fig. 
5-38) is a sheet of short transverse fibers 
passing from the lesser to the greater tuber- 
cle of the humerus. It is located on the por- 
tion of the bone that lies above the epiphys- 
eal line, and converts the intertubercular 
groove into a short tunnel for the tendon of 
the long head of the biceps. 

The glenoidal labrum is a fibrocartilagi- 
nous rim attached around the margin of the 
glenoid cavity. It is triangular in section, the 
base being fixed to the circumference of the 
cavity, while the free edge is thin and sharp. 
Measuring about 6mm in depth superiorly 
and inferiorly, the labrum is somewhat more 
shallow on the sides of the cavity. It is con- 
tinuous with the tendon of the long head of 
the biceps, which gives off two fasciculi to 
blend with the fibrous tissue of the labrum. 
It deepens the articular cavity, and protects 
the edges of the bone (Fig. 5-37). 


Synovial Membrane (Fig. 5-38). The synovial 
membrane is attached to the margin of the glenoid 
cavity and is reflected over the inner surface of the 
articular capsule. It covers the lower part and sides 
of the anatomical neck of the humerus as far as the 
articular cartilage on the humeral head. The tendon 
of the long head of the biceps passes through the 
capsule and is enclosed in a tubular sheath of syno- 
vial membrane, which descends to it from the sum- 
mit of the glenoid cavity and continues around the 
tendon into the intertubercular groove as far as the 
surgical neck of the humerus (Fig. 5-38). The ten- 
don thus traverses the shoulder joint, but it is not 
contained within the synovial cavity. 

Bursae Associated with the Shoulder. A num- 
ber of clinically important bursae are found in the 
region of the shoulder joint and separate the bony 
Structures from the surrounding muscles and soft 
tissues. The subscapular bursa is found constantly 
between the tendon of the subscapularis and the 
underlying joint capsule. It usually communicates 
with the synovial cavity through an opening be- 
tween the superior and middle glenohumeral 
ligaments in the anterior part of the capsule. The 
subdeltoid bursa is a large bursa between the deep 
surface of the deltoid muscle and the joint capsule, 
Over the upper and lateral aspect of the humerus. It 
does not communicate with the synovial cavity. The 
subacromial bursa lies between the deep surface of 
the acromion and tendon of the supraspinatus mus- 
Cle overlying the joint capsule. It usually extends 
under the coracoacromial ligament and frequently is 
continuous with the subdeltoid bursa. A subcoracoid 
bursa may lie between the coracoid process and the 
capsule, or it may be an extension from the subacro- 
mial bursa. The coracobrachialis bursa intervenes 
between the coracobrachialis and subscapularis 
muscles, but is inconstant. The infraspinatus 
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bursa, between the tendon of the infraspinatus mus- 
cle and the capsule, may communicate with the sy- 
novial cavity. A subtendinous bursa of the teres 
major is found between that muscle and the long 
head of the triceps near their insertions on the hu- 
merus. Bursae of the latissimus dorsi are found 
both superficial and deep to its tendon of insertion. 
A bursa of the pectoralis major muscle is fre- 
quently found between its tendon of insertion and 
the long head of the biceps muscle. The subcutane- 
ous acromial bursa is of considerable size and lies 
between the skin and the superficial surface of the 
acromion. 

Muscles. The shoulder joint is anatomically re- 
lated to the following muscles: superior, the supra- 
spinatus; /nferior, the long head of the triceps: 
anterior, the subscapularis; posterior, the infraspina- 
tus and teres minor. Coursing through the joint and 
surrounded by the reflected synovial membrane is 
the long head of the biceps muscle. Finally, the del- 
toid covers the articulation anteriorly, posteriorly, 
and laterally. 

Blood Supply and Nerves. The arteries that 
supply the shoulder joint from the scapular end in- 
clude the suprascapular artery and the circumflex 
scapular branch of the subscapular artery. From the 
humeral end of the joint are the anterior and poste- 
rior humeral circumflex arteries. 

Nerves to the shoulder joint are derived princi- 
pally from the axillary nerve (from posterior cord of 
brachial plexus), the suprascapular nerve (from 
upper trunk of brachial plexus through junction of 
fifth and sixth cervical nerves), and the /atera/ pecto- 
ral nerve (from lateral cord of brachial plexus). At 
times a branch may come directly from the posterior 
cord of the brachial plexus or from the radial nerve 
(Gardner, 1948). 

Movements. The shoulder joint is capable of 
every variety of movement: flexion, extension, ab- 
duction, adduction, circumduction, and rotation. 
The humerus is flexed (drawn forward) by the clavic- 
ular part of the pectoralis major, the anterior fibers 
of the deltoid, the coracobrachialis, and, when the 
forearm is flexed, the biceps brachii. When the limb 
is fully extended posterior to the trunk, the sterno- 
costal portion of the pectoralis major assists in flex- 
ing the upper extremity until it reaches the side of 
the body at the anatomical position. The humerus is 
extended (drawn backward) by the latissimus dorsi, 
the teres major, the posterior fibers of the deltoid, 
and, when the forearm is extended, the triceps bra- 
chit. Abduction of the humerus is achieved by the 
deltoid and supraspinatus, whereas adduction is 
performed by the subscapularis, pectoralis major, 
latissimus dorsi, and teres major, and by the weight 
of the limb. Lateral rotation of the humerus occurs 
by action of the infraspinatus, teres minor, and pos- 
terior fibers of the deltoid. Medial rotation is ac- 
complished by the subscapularis, latissimus dorsi, 
teres major, pectoralis major, and anterior fibers of 
the deltoid. 


The scapula is capable of being moved superiorly 
and inferiorly, anteriorly and posteriorly, or, by a 
combination of these movements, circumducted on 
the posterior wall of the chest. The muscles that ele- 
vate the scapula are the superior fibers of the trape- 
zius, the levator scapulae, and the rhomboids. Those 
that depress the scapula are the inferior fibers of 
the trapezius, the pectoralis minor, and, by way of 
the clavicle, the subclavius. The scapula is drawn 
posteriorly by the rhomboid and the middle and in- 
ferior fibers of the trapezius, and it is drawn anteri- 
orly by the serratus anterior and pectoralis minor, 
assisted, when the arm is fixed, by the pectoralis 
major. This mobility of the scapula is considerable, 
and greatly assists the movements of the upper limb 
at the shoulder joint. 

Raising of the arm above the head, either anterior 
to the trunk as in flexion or lateral to the trunk as in 
abduction, is brought about by a combined action at 
the shoulder joint and rotation of the scapula on the 
chest wall. Although it is customary to separate this 
movement into two parts, i.e., the elevation of the 
upper limb 90° to the horizontal (due to movement 
at the shoulder joint) and the continued raising of 
the arm overhead from 90° to 180° and beyond 
(due to rotation of the scapula), such a differentia- 
tion is artificial. In fact, during practically all of both 
parts of this movement, the ratio of motion in the 
two articulations is two parts glenohumeral to one 
part scapulothoracic. If motion in the glenohumeral 
articulation is destroyed by ankylosis, only one-third 
of the whole movement, i.e., 60° of the 180°, will 
be retained as the compensatory motion of the scap- 
ulothoracic articulation. 

Special Anatomical Features. The most striking 
peculiarities of the shoulder joint are: (1) the large 
size of the head of the humerus when compared to 
the depth of the glenoid cavity, even though the cav- 
ity is deepened by the glenoidal labrum; (2) the 
looseness of the capsule of the joint; (3) the intimate 
relationship of the capsule with the muscles at- 
tached to the head of the humerus; (4) the peculiar 
association of the tendon of the long head of the 
biceps brachii with the joint. 

It is in consequence of the re/ative sizes of the two 
articular surfaces and the looseness of the articular 
capsule that the joint enjoys such free movement in 
all directions. The upper limb has considerably in- 
creased mobility by the movements of the scapula, 
which involve the acromioclavicular and sternocla- 
vicular joints as well. These joints are regarded as 
accessory structures to the shoulder joint. The 
movements of the scapula are considerable, espe- 
Cially in extreme elevation of the upper limb, a 
movement best accomplished when the arm is 
thrown somewhat forward and outward because the 
margin of the head of the humerus is ovoid and not 
circular. The greatest diameter of the humeral head 
is directed downward, medialward, and backward 
from the intertubercular groove, and the greatest 
elevation of the arm can be obtained by rolling its 


articular surface in the direction of this diameter. 
When the upper limb is elevated 90° to a right angle 
from the trunk, the great width of the central portion 
of the humeral head also allows free horizontal 
movement. In this movement the arch formed by the 
acromion, the coracoid process, and the coracoacro- 
mial ligament may be conceived as a supplemental 
articular cavity for the head of the humerus. 

The fooseness of the capsule is such that the 
humeral head falls away from the scapula about 
2.5 cm when the muscles are dissected from around 
the joint. The articular surfaces of the two bones are 
held in contact, not so much by the capsule as by the 
surrounding muscles. This arrangement allows easy 
movement at the joint, especially when the muscles 
are not under tension. In all ordinary positions of the 
joint, the capsule is not stretched, but extreme 
movements are checked by the tension of appropri- 
ate portions of the capsule, as well as by certain 
ligaments and muscles. 

The intimate union of the tendons of the supraspi- 
natus, infraspinatus, teres minor, and subscapularis, 
in the formation with the capsule of a musculotendi- 
nous or rotary cuff, converts these muscles into elas- 
tic and spontaneously acting ligaments of the joint. 

The peculiar relationship of the tendon of the long 
head of the biceps brachii to the shoulder joint ap- 
pears to serve various purposes: (1) by its action at 
both the shoulder and elbow, the muscle harmonizes 
the motion at the two joints, and performs as a mus- 
cular ligament in all positions; (2) it strengthens the 
upper part of the articular cavity and prevents the 
head of the humerus from being pressed against 
the acromion when the deltoid contracts, and in this 
manner fixes the head of the humerus as the center 
of motion in the glenoid cavity; and (3) by the pas- 
sage along the intertubercular groove, the tendon 
assists in steadying the head of the humerus in vari- 
ous other movements of the arm. When the upper 
limb is raised from the side, it assists the supraspina- 
tus and infraspinatus in rotating the head of the 
humerus in the glenoid cavity. The long biceps ten- 
don also holds the head of the humerus firmly in 
contact with the glenoid cavity, and prevents its slip- 
ping or being displaced by the action of the latissi- 
mus dorsi and pectoralis major, as in climbing and 
many other movements. 

Clinical Relevance. Dislocation at the shoul- 
der joint occurs more frequently than at any other 
joint in the body. It usually involves the dislodge- 
ment of the head of the humerus inferiorly in the 
subglenoid position, where the capsule is least pro- 
tected. At the subglenoid site, the triceps muscle 
usually prevents the humeral head from pushing 
backward, and thus secondarily, the bone thrusts 
anteriorly into a subcoracoid or more rarely a subcla- 
vicular site in the axilla. At times, the subglenoid 
dislocation may in fact be secondarily pushed poste- 
riorly to a subacromial or subspinous site. 

Rotation of the scapula is of special importance in 
ankylosis of the shoulder joint because scapular 
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mobility allows some control of the humerus, 
thereby compensating to some extent for the immo- 
bility at the shoulder joint. 


ELBOW JOINT 


In this description, the elbow joint will be 
considered as that articulation between the 
lower end of the humerus and the proximal 
ends of the ulna and radius. Although it is 
appreciated that within the capsule of the 
elbow joint is also located the proximal radi- 
oulnar articulation, this latter joint will be 
considered in the next section with the other 
radioulnar joints. 

The elbow joint is a compound ginglymus 
or hinge joint at which are articulated three 
bones—the humerus, the radius, and the 
ulna (Figs. 5-39 to 5-42). The trochlea of the 
humerus fits into the trochlear notch of the 
ulna to form a humeroulnar articulation, 
and the capitulum of the humerus articu- 
lates with the slightly cupped proximal sur- 
face on the head of the radius to form a 
humeroradial articulation. The articular 
surfaces are bound together by a capsule, 
which surrounds the joint and is thickened 
medially and laterally into the ulnar collat- 
eral and the radial collateral ligaments. 

Ligaments. Thus, the ligaments to be 
considered are: 


Articular capsule 
Ulnar collateral 
Radial collateral 


The articular capsule completely invests 
the joint (Figs. 5-40 to 5-42). Its anterior part 
is a thin fibrous layer attached above to the 
front of the medial epicondyle and to the 
front of the humerus immediately above the 
coronoid and radial fossae. Below, it adheres 
to the anterior surface of the coronoid 
process of the ulna and to the annular liga- 
ment of the proximal radioulnar joint. At the 
sides, the anterior part of the capsule is con- 
tinuous with the ulnar and radial collateral 
ligaments. Its superficial fibers pass ob- 
liquely from the medial epicondyle of the 
humerus to the annular ligament. The mid- 
dle fibers are directed vertically, and pass 
from the proximal part of the coronoid fossa 
of the humerus to insert mainly onto the 
anterior surface of the coronoid process of 
the ulna. The deeper fibers course trans- 
versely and intersect the others at right an- 
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FiG. 5-39. Anteroposterior roentgenogram of an adult 
elbow joint. The shadow of the olecranon extends up- 
ward to the olecranon fossa and is superimposed on the 
outline of the trochlea. To the left, the head of the radius 
approximates the capitulum of the humerus, with the 
humeroradial gap intervening. 


gles. The brachialis muscle covers most of 
the anterior part of the articular capsule, its 
deep fibers blending with those of the cap- 
sule. 

The posterior part of the articular capsule 
is thin and membranous, and consists of 
transverse and oblique fibers (Fig. 5-42). It is 
attached above to the humerus immediately 
behind the capitulum and close to the me- 
dial margin of the trochlea, to the margins 
of the olecranon fossa, and to the back of the 
lateral epicondyle, a short distance from the 
trochlea. Below, it is fixed to the proximal 
and lateral margins of the olecranon, to the 
posterior part of the annular ligament, and 
to the ulna posterior to the radial notch. The 
transverse fibers of the capsule form a strong 
band, which bridges the olecranon fossa. 
Beneath the band is a pouch of synovial 
membrane and a fat pad, which project into 
the upper part of the fossa when the joint is 


extended. The capsule is related posteriorly 
to the tendon of insertion of the triceps bra- 
chii and to the anconeus muscle. 

The ulnar collateral ligament is a thick tri- 
angular band consisting of two portions, an 
anterior and posterior, united by a thinner 
intermediate portion (Fig. 5-40). The anterior 
portion is directed obliquely forward. It is 
attached above by its apex to the front of the 
medial epicondyle of the humerus and 
below by its broad base to the medial margin 
of the coronoid process. The posterior por- 
tion, also triangular in shape, is attached 
above to the lower and posterior part of the 
medial epicondyle and below to the medial 
margin of the olecranon. Between these two 
bands a few intermediate fibers descend 
from the medial epicondyle to blend with a 
transverse band that stretches between the 
attachments of the anterior and posterior 
parts on the olecranon and coronoid process 
of the ulna. Adjacent to this ligament are the 
triceps brachii and flexor carpi ulnaris mus- 
cles and the ulnar nerve. Its anterior portion 
gives origin to part of the flexor digitorum 
superficialis muscle. 

The radial collateral ligament (Fig. 5-41) is 
a short, narrow, triangular-shaped fibrous 
band that is somewhat less distinct than the 
ulnar collateral ligament. It is attached 
above by its apex to a depression distal to 
the lateral epicondyle of the humerus and 
below to the annular ligament. Some of its 
most posterior fibers pass over this ligament 
to be inserted into the lateral margin of the 
ulna. It is intimately blended with the ori- 
gins of the supinator and extensor carpi ra- 
dialis brevis muscles. 


Synovial Membrane (Figs. 5-43; 5-44). The 
synovial membrane extends from the margin of the 
articular surface of the humerus and lines the coro- 
noid, radial, and olecranon fossae on that bone. It is 
reflected over the inner surface of the articular cap- 
sule and forms a pouch between the radial notch of 
the ulna, the deep surface of the annular ligament, 
and the circumference of the head of the radius. A 
crescentic fold of synovial membrane projects be- 
tween the radius and ulna into the joint cavity from 
behind, partially dividing the joint into humeroradial 
and humeroulnar portions. The synovial membrane 
projects distal to the annular ligament as the sacci- 
form recess (Fig. 5-43). 

Between the fibrous capsule and the synovial 
membrane are three fat pads. The largest, over the 
olecranon fossa, is pressed into the fossa by the tri- 
ceps brachii during the flexion. A second, over the 
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Fic. 5-40. The left elbow joint. Medial aspect. 
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Fic. 5-41. The left elbow joint. Lateral aspect. 


oy 7) 


Sige: 


Olecranon fossa 


Articular capsule 


Olecranon 


Humerus 














Masses of fat 


Coronoid fossa 


Trochlea 


iP Articular capsule 


Coronoid process 


Annular ligament 


Tendon of biceps brachii 


Radius 


Oblique cord 


Fic. 5-42, Sagittal section through the left elbow joint. 


coronoid fossa, and a third, over the radial fossa, are 
pressed by the brachialis into their respective fossae 
during extension. 

Muscles. \n relationship to the elbow joint are 
the following muscles: anteriorly, the brachialis; pos- 
teriorly, the triceps brachii and anconeus; /aterally, 
the supinator, and the common tendon of origin of 
the extensor muscles; and medially, the common 
tendon of origin of the flexor muscles, including the 
flexor carpi ulnaris. 

Blood Supply and Nerves. The arteries sup- 
plying the joint are derived from an anastomosis in- 
volving the following descending vessels: the radial 
and middle collateral branches of the profunda 
brachial artery and the superior and inferior ulnar 
collateral branches from the brachial artery; as well 
as the following ascending vessels: the anterior and 
posterior ulnar recurrent branches from the ulnar 
artery, the tnterosseous recurrent branch from the 
posterior interosseous artery, and the radial recur- 
rent branch of the radial artery. 

The nerve supply to the elbow joint is derived 
from the musculocutaneous nerve by way of its 


branch to the brachialis muscle, and from the radia/ 
nerve by way of its branch to the medial head of the 
triceps muscle and the branch to the anconeus mus- 
cle. Additionally, the u/nar and median nerves fre- 
quently send filaments to the joint. 

Movements. The elbow joint comprises three 
different articular appositions. These are the hu- 
meroulnar and humeroradial appositions, and the 
proximal radioulnar joint. All of these articular sur- 
faces are enveloped by a continuous synovial mem- 
brane, and the movements within the entire joint 
should be studied together. The coordinated move- 
ments of flexion or extension of the forearm, with 
those of pronation or supination of the hand, are 
ensured by the two being performed at the same 
joint. This coordination is essential for the accuracy 
of the various minute movements of the hand. 

The portion of the joint between the humerus and 
ulna is a simple hinge joint, and allows movements 
of flexion and extension only. Owing to the obliquity 
of the trochlea of the humerus, this movement does 
not take place in the anteroposterior plane of the 
humeral shaft. When the forearm is extended and 
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Fic. 5-43. Synovial membrane of the left elbow joint. 
Anterior aspect. The articular cavity was distended and 
the fibrous capsule removed. Observe the sacciform re- 
cess protruding distal to the annular ligament. 
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Supinated, the arm and forearm are not in the same 
line. Instead, they form an obtuse angle called the 
carrying angle, so that the hand and forearm are di- 
rected somewhat laterally to the central axis of the 
humerus. During flexion at the elbow joint, however, 
the forearm comes more into line with the central 
axis of the arm, enabling the hand to be easily car- 
ried to the face. The accurate adaptation of the 
prominences and depressions of the trochlea of the 
humerus to the semilunar notch of the ulna prevents 
any lateral movement at the elbow joint. Flexion is 
produced by the action of the biceps brachii and 
brachialis, assisted by the brachioradialis and the 
muscles arising from the medial epicondyle of the 
humerus. Extension of the forearm is performed 
principally by the triceps brachii! and anconeus, and 
to a minor extent by the extensors of the wrist, the 
extensor digitorum, and the extensor digiti minimi. 

The joint between the head of the radius and the 
capitulum of the humerus is a gliding joint. The bony 
surfaces are so shaped that they would constitute a 
spheroid or ball-and-socket joint and allow move- 
ment in all directions, were it not for the annular 
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Fig. 5-44. Synovial membrane of the left elbow joint. 
Posterior aspect of the specimen demonstrated in Figure 
5-43. Note the limit to which the synovial cavity extends 
in the olecranon fossa beyond the bony prominence of 
the olecranon. 


ligament by which the head of the radius is bound to 
the radial notch of the ulna. However, this ligament 
prevents any separation of the two bones laterally 
and, in fact, gives the head of the radius its security 
from dislocation, which would otherwise tend to 
occur because of the shallowness of the cup-like sur- 
face on the head of the radius. Were it not for the 
annular ligament, the tendon of the biceps brachii 
would be able to pull the head of the radius out of 
the joint. The radial head is not in complete contact 
with the capitulum of the humerus in all positions of 
the joint, so that in complete extension a part of itt 
can be plainly felt projecting at the back of the artic- 
ulation. In full flexion, movement of the radial head 
is Somewhat hampered by compression of the sur- 
rounding soft parts. Thus, the freest rotatory move- 
ment of the radius on the humerus (pronation and 
Supination) takes place with the forearm in semi- 
flexion, when the two articular surfaces are in most 
intimate contact. 

The radius, carrying the hand with it, can be ro- 
tated in the proximal radioulnar joint when the fore- 
arm is in any degree of flexion, or even if it is fully 
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extended. The hand ts directly articulated only to the 
lower surface of the radius, and the ulna is excluded 
from the wrist joint directly by an articular disc. Ad- 
ditionally, the lower end of the ulna, on its lateral 
side, is firmly bound to the radius in the ulnar notch. 
Thus, when the head of the radius rotates, it imparts 
a circular movement to the hand through a consider- 
able arc. This allows supination and pronation of the 
hand. 


RADIOULNAR JOINTS 


The articulations of the radius with the 
ulna occur at the proximal and distal ex- 
tremities of the bones by means of synovial 
joints and along their shafts by means of a 
fibrous interosseous ligament which firmly 
unites the two bones in the form of a syndes- 
mosis. Three joints interconnect the bones of 
the forearm: 


Proximal radioulnar joint 
Middle radioulnar union 
Distal radioulnar joint 


PROXIMAL RADIOULNAR JOINT. This articu- 
lation is a trochoid or pivot joint between 
the circumference of the head of the radius 
and the ring formed by the radial notch of 
the ulna and the annular ligament. 

Ligaments. The annular ligament (Figs. 
5-45; 5-46) is a strong band of fibers which 
encircles the head of the radius and retains it 
in contact with the radial notch of the ulna. 
It forms about four-fifths of the osseofibrous 
ring, and is attached to the anterior and pos- 
terior margins of the notch. For a short dis- 
tance distal to the radial notch, a few fibers 
of the annular ligament actually form a com- 
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FiG 5-45 Proximal part of the ulna with the annular 
ligament of the proximal radioulnar joint. 
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Fig 5-46 Annular ligament of the proximal radioulnar 
joint, superior aspect. The head of the radius has been 
removed and the bone dislodged from the ligament. 


plete fibrous ring. Proximally, the annular 
ligament blends with the anterior and poste- 
rior aspects of the articular capsule of the 
elbow joint, while from its distal border a 
thin loose membrane is attached to the neck 
of the radius. A thick band that extends from 
the inferior border of the annular ligament 
below the radial notch to the neck of the ra- 
dius is known as the quadrate ligament. The 
superficial surface of the annular ligament is 
strengthened by the radial collateral liga- 
ment of the elbow (Fig. 5-41), and affords ori- 
gin to part of the supinator muscle. Its deep 
surface is smooth and lined by synovial 
membrane that is continuous with that of 
the elbow joint. 


Movements. The movements allowed in this 
articulation are limited to rotatory movements of the 
head of the radius within the ring formed by the 
annular ligament and the radial notch of the ulna. 
Rotation of the radius, which moves the thumb from 
lateral to medial, ts called pronation; rotation in the 
Opposite direction is supination. Supination is per- 
formed by the biceps brachii and supinator. Prona- 
tton is performed by the pronator teres and pronator 
quadratus. 


MIDDLE RADIOULNAR UNION. The shafts of 
the radius and ulna are held together in 
syndesmosis by two interosseous ligaments. 

Ligaments. The ligaments of this union 
are: 


Interosseous membrane 
Oblique cord 


The interosseous membrane (Fig. 5-40) is 
a broad and thin plane of fibrous tissue ori- 
ented downward and medially from the en- 
tire length of the interosseous crest of the 
radius to that of the ulna. The lower part of 
the membrane is attached to the posterior of 
the two ridges into which the interosseous 
crest of the radius divides distally. The 
membrane is deficient proximally, and origi- 
nates about 2.5cm below the tuberosity of 
the radius. It is broader in the middle than at 
either end, and presents an oval aperture a 
little above its distal margin for the passage 
of the anterior interosseous vessels to the 
back of the forearm. This membrane serves 
to increase the extent of surface for the at- 
tachment of the deep muscles as well as to 
connect the bones. Between its upper border 
and the oblique cord is a gap through which 
the posterior interosseous vessels pass. Al- 
though the direction of the fibrous bundles 
in the membrane is oblique, extending from 
the radius proximally to the ulna distally, 
there are two or three bands occasionally 
found on the dorsal surface which course 
obliquely in the opposite direction. Anteri- 
orly, the upper three-fourths of the interos- 
seous membrane is related to the flexor 
pollicis longus on the radial side, and to the 
flexor digitorum profundus on the ulnar. 
Lying in the interval between these two mus- 
cles are the anterior interosseous vessels and 
nerve. Over the lower one-fourth of the ante- 
rior surface stretches the pronator quadra- 
tus. Posteriorly, the interosseous membrane 
is related to the supinator, abductor pollicis 
longus, extensor pollicis brevis, extensor 
pollicis longus, and extensor indicis muscles 
and, near the wrist, with the anterior interos- 
seous artery and posterior interosseous 
nerve. 

The oblique cord (Figs. 5-40; 5-42) is a 
small, flattened band extending inferolater- 
ally from the lateral aspect of the tuberosity 
of the ulna at the base of the coronoid proc- 
ess to the radius, a little distal to the radial 
tuberosity. Its fibers run in a direction oppo- 
site those of the interosseous membrane. It is 
sometimes absent. 

DISTAL RADIOULNAR JOINT. This pivot joint 
is formed between the convex head of the 
ulna and the grooved ulnar notch on the 
lower end of the radius. The articular sur- 
faces are enclosed by a relatively loose artic- 
ular capsule that is lined by a synovial mem- 
brane. The joint is further secured by an 
articular disc. 
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Ligaments. ‘The articular capsule (Figs. 
9-47; 5-48) is composed of transversely oricn- 
ted bands of fibers attached to the margins of 
the ulnar notch and to the head of the ulna. 
Although the anterior and posterior parts of 
the capsule are somewhat thickened, it is 
still weak and loosely surrounds the joint. 
The capsule is lined by u synovial mem- 
brane that extends as a pouch upward a 
short distance between the radius and ulna 
to form a sacciform recess. 

The articular disc (Fig. 5-49) is triangular 
in shape, and is placed transversely beneath 
the head of the ulna, binding the lower ends 
of the ulna and radius firmly together. Hs 
periphery is thicker than its center, which is 
occasionally perforated. It is attached by its 
apex to a depression between the styloid 
process and the head of the ulna, and by its 
thin base to the prominent edge of the ra- 
dius, which separates the ulnar notch from 
the carpal articular surface. Its margins are 
united to the ligaments of the wrist joint. Its 
proximal surface is smooth and concave, 
and articulates with the head of the ulna to 
form a gliding joint. Its distal surface forms 
part of the wrist joint and articulates with 
the medial part of the lunate bone and, when 
the hand is adducted, with the triquetral 
bone. 


Synovial Membrane (Fig. 5-49). Both proxi- 
mal and distal surfaces of the articular disc are cov- 
ered with a synovial layer. The proximal surface of 
the disc enters into the radioulnar joint, and the joint 
cavity that is formed appears L-shaped in longitudi- 
nal section. Its synovial membrane extends proxt- 
mally beyond the articular surfaces of the radius and 
ulna to form the sacciform recess. The distal sur- 
face of the disc enters into the formation of the wrist 
joint, and it is also lined by a synovial membrane. 

Vessels and Nerves. The arteries to the distal 
radioulnar joint are derived from the anterior and 
posterior interosseous arteries. The nerves come 
from the anterior interosseous branch of the median 
nerve and the posterior interosseous branch of the 
radial nerve. 

Movements. The movements at the distal ra- 
dioulnar joint consist of rotation of the distal end of 
the radius around a longitudinal axis that passes 
through the center of the head of the ulna. When the 
radius and the attached hand rotate obliquely across 
the anterior aspect of the ulna, pronation of the 
forearm and hand is the result. The reverse move- 
ment results in Supination, and in the fully supine 
position, the radius and ulna lie parallel in the fore- 
arm. Thus, in pronation and supination the radius 
rotates around the circumference of a segment of a 
cone, the axis of which extends from the center of 
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Fig. 5-47, The ligaments of the left wrist and metacarpus. Palmar aspect. 


the head of the radius to the middle of the head of 
the ulna. In this movement the head of the ulna is 
Stationary, but appears to describe a curve ina direc- 
tion opposite that taken by the head of the radius. 


RADIOCARPAL OR WRIST JOINT 


The wrist joint (Figs. 5-47 to 5-49) is a sim- 
ple synovial articulation, usually classified 
as an ellipsoid joint. The parts forming it are 
the distal end of the radius and lower sur- 
face of the articular disc above, and the 
scaphoid, lunate, and triquetral bones 
below. The articular surface of the radius 
and the lower surface of the articular disc 
form together a transversely elliptical con- 


cavity. The superior articular surfaces of the 
scaphoid, lunate, and triquetral bones form 
a smooth convex surface that is received 
into the concavity. The ulna is excluded 
from the joint by the intervening articular 
disc. The joint is surrounded by an articular 
capsule. 
Ligaments. 
include: 


The ligaments of the wrist 


Articular capsule 
Palmar radiocarpal 
Dorsal radiocarpal 
Ulnar collateral 
Radial collateral 


The articular capsule is lined by a syno- 
vial layer; it is extensive and loosely binds 







Radial collateral ligament 


Trapezium 


Fic. 5-48. 


the joint. The capsule is reinforced by the 
palmar and dorsal radiocarpal ligaments 
and the ulnar and radial collateral ligaments, 
which actually cover the greater part of its 
external surface. 

The palmar radiocarpal ligament (Fig. 
5-47) is a broad membranous band attached 
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Radial collateral 
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The ligaments of the left wrist. Dorsal aspect. 


above to the anterior margin of the lower 
end of the radius, to its styloid process, and 
to the palmar aspect of the lower end of the 
ulna. Its fibers pass downward and medially 
to be inserted below into the palmar surfaces 
of the scaphoid, lunate, and triquetral bones, 
some being continued to the capitate. In 


Distal radioulnar 
articulation 


Articular disc 


Ulnar collateral ligament 


Pisiform 


Interosseous ligaments 
(of the distal row) 


Vertical seetion through the articulations at the wrist, showing the synovial cavities. 
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addition to this broad membrane, there is a 
rounded fasciculus, superficial to the rest. 
which reaches from the base of the styloid 
process of the ulna to the lunate and tri- 
quetral bones. The ligament is perforated by 
apertures for the passage of vessels. Its pal- 
mar surface is related anteriorly to the ten- 
dons of the flexor digitorum profundus and 
flexor pollicis longus, and posteriorly this 
ligament is closely adherent to the palmar 
surface of the articular disc in the distal ra- 
dioulnar joint. 

The dorsal radiocarpal ligament is thin 
and membranous (Fig. 5-48), and it is weaker 
than the palmar radiocarpal ligament. It is 
attached above to the posterior border of the 
lower end of the radius. Its fibers, directed 
obliquely downward and medially, are fixed 
below to the dorsal surfaces of the scaphoid, 
lunate, and triquetral bones, and are continu- 
ous with those of the dorsal intercarpal liga- 
ments. Posteriorly, the ligament is related to 
the extensor tendons of the fingers, while 
anteriorly, it is blended with the articular 
disc. 

The ulnar collateral ligament (Figs. 5-47 to 
5-49) is a fan-shaped cord with its apex at- 
tached above to the end of the styloid proc- 
ess of the ulna. Below, it divides into two 
fasciculi, one of which is attached to the 
medial aspect of the triquetral bone, the 
other to the pisiform bone and transverse 
carpal ligament. The tendon of the flexor 
carpi ulnaris lies anterior to the ligament, 
while that of the extensor carpi ulnaris lies 
posterior. 

The radial collateral ligament (Figs. 5-47 to 
5-49) extends from the tip of the styloid 
process of the radius to the radial side of the 
scaphoid, with some of its fibers being pro- 
longed to the trapezium and the flexor reti- 
naculum. It is related to the radial artery, as 
the vessel curves around the lateral aspect of 
the wrist, separating the ligament from the 

tendons of the abductor pollicis longus and 
extensor pollicis brevis. 


Synovial Membrane (Fig. 5-49). The synovial 
layer lines the inner surfaces of the ligaments de- 
scribed above, extending from the margin of the 
lower end of the radius and articular disc to the mar- 
gins of the articular surfaces of the Carpal bones 
below. It is loose and lax, and presents numerous 
folds, especially dorsally. 

Vessels and Nerves. The arteries Supplying the 
joint are branches from the anterior interosseous ar- 


tery as well as palmar and dorsal carpal branches of 
the radial and ulnar, the palmar and dorsal metacar- 
pals, and some ascending branches from the deep 
palmar arch. The nerves to the wrist joint are de- 
rived from all three principal nerves of the upper 
extremity. These are the anterior interosseous branch 
of the median, the posterior interosseous branch of 
the radial, and the dorsal and deep branches of 
the ulnar. 

Movements. The movements permitted in this 
joint are flexion, extension, abduction, adduction, and 
circumduction. They will be described with those 
of the carpus, with which they are combined. The 
wrist joint is covered in front by the flexor tendons 
and dorsally by the extensor tendons. 


INTERCARPAL JOINTS 


The intercarpal joints are articulations 
between the carpal bones and are subdi- 
vided into three groups: (1) the joints be- 
tween the bones of the proximal row, that is, 
the joints connecting the scaphoid, lunate, 
and triquetral bones, and the articulation of 
the pisiform bone; (2) the joints between the 
bones of the distal row; and (3) the trans- 
verse articulation between the two rows of 
carpal bones called the midcarpal joint. 

INTERCARPAL JOINTS OF THE PROXIMAL ROW: 
SCAPHOID, LUNATE, AND TRiqueTtRat. These 
are gliding joints, and the scaphoid, lunate, 
and triquetral bones are interconnected by 
dorsal, palmar, and interosseous ligaments. 

Ligaments. The two dorsal intercarpal 
ligaments are placed transversely behind the 
bones of the first row. They connect the 
scaphoid and lunate, and the lunate and 
triquetral bones. 

The two palmar intercarpal ligaments in- 
terconnect the scaphoid and lunate, and the 
lunate and triquetral bones on the anterior 
aspect of the carpus. They are not so strong 
as the dorsal intercarpal ligaments, and are 
placed deep to the flexor tendons and the 
palmar radiocarpal ligament. 

The interosseous ligaments (Fig. 5-49) are 
two narrow bundles, one connecting the lu- 
nate and scaphoid bones, and the other join- 
ing the lunate and triquetral bones. They are 
on a level with the proximal surfaces of 
these bones, and their surfaces are smooth, 
forming part of the convex articular surface 
of the wrist joint. 

ARTICULATION OF THE PISIFORM BONE. The 
pisiform is articulated to the triquetral bone 
(the pisotriquetral joint) by a thin articular 


capsule, the synovial cavity of which re- 
mains separate and distinct from those of the 
other carpal bones. 

Ligaments. Additionally, the pisiform 
bone is firmly connected proximally by the 
ulnar collateral and the palmar radiocarpal 
ligaments (Fig. 5-47). Extending distally from 
the pisiform bone are two strong fibrous 
bands, the pisohamate and pisometacarpal 
ligaments. 

The pisohamate ligament attaches the pi- 
siform bone to the hook of the hamate bone, 
while the pisometacarpal ligament connects 
the pisiform to the base of the fifth metacar- 
pal bone (Fig. 5-47). These ligaments trans- 
mit the pull of the flexor carpi ulnaris ten- 
don from the pisiform to the distal carpal 
bones and to the metacarpals, and may be 
considered as prolongations of that tendon. 

INTERCARPAL JOINTS OF THE DISTAL ROW. 
These also are gliding joints, and the four 
bones of this row are connected by dorsal, 
palmar, and interosseous ligaments. 

Ligaments. The dorsal intercarpal liga- 
ments are three in number and they extend 
transversely from one bone to another on the 
dorsal surface, connecting the trapezium 
with the trapezoid, the trapezoid with the 
capitate, and the capitate with the hamate. 

The palmar intercarpal ligaments, also 
three in number, have a similar arrangement 
on the palmar surface. 

The interosseous ligaments of the distal 
row are much thicker than those of the prox- 
imal row. There are three of these, one is 
placed between the capitate and the hamate, 
the second between the capitate and the 
trapezoid, and the third between the trape- 
zium and trapezoid (Fig. 5-49). The first is 
much the strongest, and the third is some- 
times absent. 

MIDCARPAL JOINT. The transverse articula- 
tion between the scaphoid, lunate, and tri- 
quetral bones proximally, and the second 
row of carpal bones distally, is the important 
midcarpal joint. Jt is a compound joint and 
consists of three distinct portions. In the cen- 
ter, the head of the capitate and the proximal 
angle on the superior surface of the hamate 
articulate in a deep concavity formed by the 
scaphoid and lunate to constitute a com- 
pound saddle joint. On the radial side of the 
capitate, the trapezium and trapezoid artic- 
ulate with the scaphoid, and on the ulnar 
side the more medial aspect of the hamate 
articulates with the triquetral bone. These 
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latter joints are usually considered to be of 
the plane or gliding type. 

Ligaments. The midcarpal joint is se- 
cured by palmar and dorsal intercarpal and 
ulnar and radial carpal collateral ligaments. 

The palmar intercarpal ligaments consist 
of short fibers that pass, for the most part, 
from the palmar surface of the head of the 
capitate bone in a radiating manner to the 
surrounding carpal bones of the proximal 
row (scaphoid, lunate, and triquetral). Col- 
lectively, these ligaments are frequently re- 
ferred to as the carpal radiate ligament. 

The dorsal intercarpal ligaments consist 
of short, irregular bundles passing between 
the dorsal surfaces of the bones of the first 
and second rows. 

The carpal collateral ligaments are short: 
one is placed on the radial, the other on the 
ulnar side of the carpus. The radial carpal 
collateral ligament is the stronger and more 
distinct. and connects the scaphoid and tra- 
pezium, while the ulnar carpal collateral lig- 
ament joins the triquetral bone and hamate. 
They are continuous with the collateral liga- 
ments of the wrist joint. 

In addition to these ligaments, a slender 
interosseous band sometimes connects the 
capitate and the scaphoid. 


Synovial Membrane. The synovial membrane 
of the carpus is extensive (Fig. 5-49), and bounds a 
synovial cavity of irregular shape. The proximal por- 
tion of the cavity intervenes between the distal sur- 
faces of the scaphoid, lunate, and triquetral bones 
and the proximal surfaces of the bones of the second 
row. It sends two proximal prolongations —between 
the scaphoid and lunate, and the lunate and triquetral 
bones—and three dista/ prolongations, each of 
which intervenes between adjacent bones of the sec- 
ond row. The prolongation of the synovial mem- 
brane between the trapezium and trapezoid or that 
between the trapezoid and capitate, because of the 
absence of interosseous ligaments, is often continu- 
ous with the cavity of the carpometacarpal joints. At 
times this continuity is seen with the joint cavity be- 
tween the carpal bones and the second, third, 
fourth, and fifth metacarpal bones; at other times, 
with that of the second and third metacarpal bones 
only. In the latter condition the joint between the 
hamate and the fourth and fifth metacarpal bones 
has a separate synovial membrane, and is separated 
from the rest of the carpometacarpal joint cavity by 
an interosseous ligament (Fig. 5-49). The synovial 
cavities of the carpometacarpal joints are prolonged 
for a short distance between the bases of the meta- 
carpal bones. There is a separate synovial mem- 
brane between the pisiform and triquetral bones. 
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Movements. The radiocarpal and midcarpal 
joints involve four articular surfaces: (1) the distal 
surfaces of the radius and articular disc; (2) the prox- 
imal surfaces of the scaphoid, lunate, and triquetral 
bones, the pisiform having no essential part in the 
movement of the hand; (3) the S-shaped inferior sur- 
faces of the scaphoid, lunate, and triquetral, and (4) 
the reciprocal upper surfaces of the carpal bones of 
the second row. These four surfaces form two princi- 
pal joints: (1) a proximal, the wrist joint proper, and 
(2) a distal, the midcarpal joint (Fig. 5-50). 

1. The wrist joint proper is an ellipsoid articula- 
tion, permitting all movements but rotation to occur. 
Flexion and extension are the most free, and of these 
a greater degree of extension than of flexion of the 
hand is permitted, because the articulating surfaces 
extend farther on the dorsal than on the palmar sur- 
faces of the carpal bones. In these movements the 
carpal bones swing on a transverse axis drawn be- 
tween the tips of the styloid processes of the radius 
and ulna. A certain degree of adduction (or ulnar 
flexion) and abduction (or radial flexion) is also per- 
mitted. A considerably greater degree of adduction 
can be achieved because of the more proximal posi- 
tion of the styloid process of the ulna, abduction 
being quite limited by contact of the styloid process 
of the radius with the trapezium. Abduction and ad- 
duction take place about an anteroposterior axis 
drawn through the capitate bone. Finally, circum- 
duction is permitted by the combined and consecu- 
tive movements of adduction, extension, abduction, 
and flexion. Although rotation does not occur at the 
wrist or midcarpal joints, the effect of rotation is ob- 
tained by pronation and supination of the radius on 
the ulna. 

2. At the midcarpal joint, flexion, some exten- 
sion, abduction, and a minor degree of rotation are 
permitted. In flexion and extension, the trapezium 
and trapezoid on the radial side and the hamate on 
the ulnar side glide forward and backward on the 
scaphoid and triquetral bones, respectively. Of these 
two movements, flexion is more freely enjoyed at the 
midcarpal joint. Abduction is accompanied by a 
slight rotation of the head of the capitate and the 
superior surface of the hamate in the cup-shaped 
cavity of the scaphoid and lunate. 

Muscles Producing Movements. The move- 
ment of flexion of the hand is performed by the 
flexor carpi radialis, the flexor carpi ulnaris, and the 
palmaris longus when the fingers are extended. 
When the fingers are flexed, these muscles are aided 
by the flexors digitorum superficialis and profundus, 
flexor pollicis longus, and abductor pollicis longus. 
Extension at the wrist is performed by the extensors 
carpi radiales longus and brevis and the extensor 
carpi ulnaris when the fingers are flexed. When the 
fingers are extended, these muscles are aided by the 
extensor digitorum, extensor digiti minimi, extensor 
indicis, and extensor pollicis longus. Adduction 
(ulnar flexion) is performed by the flexor carpi ulnaris 
and the extensor carpi ulnaris, while abduction (ra- 


dial flexion) is produced by the extensor carpi radia- 
lis longus and brevis and the flexor carpi radialis. 

Vessels and Nerves. The arteries supplying the 
intercarpal joints are derived from a palmar and dor- 
Sal carpal anastomosis contributed to by (1) the pal- 
mar and dorsal carpal branches of the radial and 
ulnar arteries; (2) carpal recurrent branches of the 
deep volar arch; and (3) the dorsal carpal branches 
of the anterior (and posterior) interosseous arteries. 

The nerve supply to the intercarpal joints comes 
from carpal branches of the ulnar, median, and pos- 
terior interosseous nerves. 


CARPOMETACARPAL JOINTS 


The distal surfaces of the distal row of car- 
pal bones interface with the expanded sur- 
faces of the bases of the five metacarpal 
bones. These five joints may be divided into 
two sets: (1) carpometacarpal joint of the 
thumb, and (2) carpometacarpal joints of the 
four medial fingers. 

CARPOMETACARPAL JOINT OF THE THUMB 


(Figs. 5-47 to 5-50). This highly mobile joint 





Fi. 5-50. Radiograph of adult hand showing the radio- 
carpal and midcarpal joints along with those of the fin- 
gers. 


between the base of the first metacarpal 
bone and the trapezium is the best example 
in the body of a saddle (or sellar) joint. Its 
great freedom of movement results from the 
configuration of its articular surfaces. These 
are reciprocally saddle-shaped, and _ sur- 
rounded by a capsule that is thick but loose, 
and passes from the circumference of the 
base of the first metacarpal bone to the 
rough edge bounding the articular surface of 
the trapezium. 

Ligaments. The capsule is thickest later- 
ally and dorsally, and is reinforced by lateral 
(radial), palmar and dorsal (anterior and 
posterior oblique) carpometacarpal liga- 
ments of the thumb (Haines, 1944). These lig- 
aments are attached to the trapezium above 
and pass distally to converge onto the base 
of the first metacarpal bone. 


Movements. When the thumb is in the resting 
anatomical position, its palmar surface is oriented 
medially and the dorsal surface directed laterally. At 
the carpometacarpal joint of the thumb, the move- 
ments permitted are flexion and extension in a plane 
parallel to the palm of the hand, abduction and ad- 
duction in a plane at right angles to the palm, a small 
degree of rotation, circumduction, and opposition. 
Flexion is generally accompanied by a slight medial 
rotation of the first metacarpal, while extension is 
accompanied by its lateral rotation. Medial rotation 
occurs because the dorsa/ carpometacarpal ligament 
tenses the ulnar side of the first metacarpal base dur- 
ing flexion, leaving the radial side of the capsule 
loose and the metacarpal head free to move. Like- 
wise, during extension, lateral rotation of the meta- 
carpal head results from tension on the ulnar side of 
the metacarpal base brought about by the pa/mar 
carpometacarpal ligament, once again allowing the 
more lax radial side of the metacarpal head freedom 
to move. Flexion and medial rotation, when com- 
bined by a partial abduction of the thumb, results in 
opposition. It is by the movement of opposition that 
the tip of the thumb Is brought into contact with the 
palmar surfaces of the slightly flexed tips of the other 
fingers. 

Muscles Producing Movements. Flexion at the 
carpometacarpal joint of the thumb is produced by 
the flexors pollicis brevis and longus, as well as the 
opponens pollicis. Extension of the thumb is ef- 
fected by the extensors pollicis brevis and longus, as 
well as the abductor pollicis longus muscle. Abduc- 
tion is produced by the abductors pollicis longus 
and brevis and to some extent by the opponens 
pollicis. Adduction is carried out by the adductor 
pollicis. Opposition is achieved by the combined 
action of the flexor pollicis brevis, opponens pollicis, 
and the abductors which flex, medially rotate, and 
partially abduct the thumb. In this manner the meta- 
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carpal bone ts rotated to a position in which the pal- 
mar surface of the thumb faces the palmar surface of 
the fingers. After the thumb is in the opposed posi- 
tion, the strong pressure between thumb and fingers 
is produced by the long flexors. Circumduction oc- 
curs by the consecutive action of the flexors, abduc- 
tors, extensors, and adductors. 

Vessels and Nerves. The arteries to the car- 
pometacarpal joint of the thumb are derived from 
the radial, the first palmar metacarpal, and the first 
dorsal metacarpal. The nerves come from branches 
of the median. 


CARPOMETACARPAL JOINTS OF THE MEDIAL 
FOUR FINGERS. The joints between the car- 
pus and the bases of the second, third, 
fourth, and fifth metacarpal bones are of the 
plane or gliding type. The bones are united 
by articular capsules, which are reinforced 
by dorsal, palmar, and interosseous carpo- 
metacarpal ligaments. 

Ligaments. The dorsal carpometacarpal 
ligaments are the strongest and most dis- 
tinct, and connect the carpal and metacarpal 
bones on their dorsal surfaces. The second 
metacarpal bone receives three fasciculi, 
one from each of the bones with which it 
articulates—the trapezium, the trapezoid, 
and the capitate. The third metacarpal re- 
ceives two, one each from the trapezoid and 
the capitate; the fourth two, one each from 
the capitate and hamate. The fifth metacar- 
pal receives a single fasciculus from the 
hamate, and this is continuous with a similar 
ligament on the palmar surface, and forms an 
incomplete capsule. 

The palmar carpometacarpal ligaments 
have an arrangement a bit different from the 
dorsal. The second metacarpal receives one 
strong band from the trapezium. The third 
metacarpal is attached by three bands to 
the carpus: a lateral one from the trapezium, 
situated superficial to the sheath of the ten- 
don of the flexor carpi radialis, an interme- 
diate one from the capitate, and a medial one 
extending from the hamate. The fourth and 
fifth metacarpals receive one palmar liga- 
ment each from the hamate. That of the fifth 
metacarpal is strengthened by fibers extend- 
ing from the flexor carpi ulnaris tendon. 

The interosseous carpometacarpal liga- 
ments (Fig. 5-49) consist of short, thick fibers 
which are limited to two parts of the carpo- 
metacarpal articulation. One interosseous 
ligament connects the distal edge of the tra- 
pezium with the lateral margin of the base of 
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the second metacarpal bone. The other con- 
nects the contiguous inferior angles of the 
capitate and hamate with the adjacent sur- 
faces of the third and fourth metacarpal 
bones. 


Synovial Membrane. The synovial cavity is a 
continuation of that of the intercarpal joints. Occa- 
sionally, the joint between the hamate and the fourth 
and fifth metacarpal bones has a separate synovial 
cavity, being bound medially by one of the interos- 
seous Carpometacarpal ligaments (Fig. 5-49). 

Movements. The movements permitted at the 
Carpometacarpal articulations of the fingers are lim- 
ited to slight gliding of the articular surfaces upon 
each other, the extent of which varies in the different 
joints. The metacarpal bone of the little finger has 
the greatest range of movement, more than that of 
the ring finger. The metacarpal bones of the index 
and middle fingers are almost immovable. 


INTERMETACARPAL JOINTS 


The metacarpal bone of the thumb is not 
articulated with any other metacarpal bone. 
In contrast, the bases of the second, third, 
fourth, and fifth metacarpal bones articulate 
with one another by small surfaces covered 
with cartilage, and are connected together 
by dorsal, palmar, and interosseous inter- 
metacarpal ligaments. 

Ligaments. The dorsal metacarpal liga- 
ments are short fibrous bands that pass 
transversely from bone to bone on the dorsal 
surface of the bases of the metacarpal bones. 

The palmar metacarpal ligaments are also 
short bands, somewhat less defined than the 
dorsal, which interconnect the bases of adja- 
cent metacarpal bones on their palmar sur- 
face. 

The interosseous metacarpal ligaments in- 
terconnect the contiguous surfaces of the 
bases of the metacarpal bones just distal to 
their intermetacarpal collateral articular 
facets. 


Synovial Membranes. The synovial cavities of 
the intermetacarpal joints are continuous with those 
of the carpometacarpal articulations. 


METACARPOPHALANGEAL JOINTS 
These articulations are ellipsoid in type 


and are formed by the reception of the 
rounded heads of the metacarpal bones into 


shallow cavities on the proximal ends, or 
bases, of the first phalanges. On their dorsal 
surfaces the metacarpophalangeal joints are 
covered by the expansions of the extensor 
tendons, together with some loose areolar 
tissue which connects the inner aspect of 
the tendons of the bones. The joints form 
the prominent proximal knuckles of the 
clenched fist. On the palmar aspect of these 
joints, the rounded articular heads of the 
metacarpal bones are partly divided to ap- 
pear similar to condyles. The palmar sur- 
faces are crossed by the flexor tendons. The 
head of the metacarpal bone of the thumb is 
less convex, wider, and flatter than that of 
the other fingers; on each side are facets for 
sesamoid bones. 

Ligaments. Each metacarpophalangeal 
joint has a loose articular capsule, and pal- 
mar and collateral ligaments. Additionally, 
the deep transverse metacarpal ligament in- 
terconnects the palmar surfaces of the meta- 
carpophalangeal joints of the medial four 
fingers. 

The palmar ligaments (Fig. 5-51) are thick, 
dense, fibrocartilaginous plates placed upon 
the palmar surfaces of the joints in the inter- 
vals between the collateral ligaments, to 
which they are connected. They are loosely 
united to the metacarpal bones, but are 
firmly attached to the bases of the first pha- 
langes. Their palmar surfaces are intimately 
blended with the deep transverse metacar- 
pal ligament, and present grooves for the 
passage of the flexor tendons. The fibrous 
sheaths of these tendons are connected to 
the sides of the grooves. Their deep surfaces 
form parts of the articular facets for the 
heads of the metacarpal bones. 

The collateral ligaments (Fig. 9-52) are 
strong, rounded cords placed on the sides of 
the joints, reinforcing the articular capsule. 
Fach is attached by its proximal extremity to 
the dorsal tubercle and adjacent depression 
on the side of the head of the metacarpal 
bone. The fibers of the ligament then run 
obliquely across the side of the joint to at- 
tach distally on the palmar aspect of the 
base of the proximal phalanx. During flexion 
of the metacarpal phalangeal joint, the col- 
lateral ligaments become tense, thereby pre- 
venting much abduction or adduction of the 
flexed finger. 

The deep transverse metacarpal ligament 
(Figs. 5-47; 5-51) consists of a series of three 
narrow fibrous bands that connect the pal- 
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Fic. 5-51. The metacarpophalangeal and interphalan- 
geal joints of a finger. Palmar aspect. 


mar surfaces of the heads of the second, 
third, fourth, and fifth metacarpal bones. It is 
blended with the palmar ligaments of the 
metacarpophalangeal joints, and its palmar 
surface is concave where the flexor tendons 
pass. Behind the ligament, the tendons of the 
interossei pass to their insertions. 


Movements. Movements that occur in joints are 
flexion, extension, adduction, abduction, and cir- 
cumduction. Abduction and adduction are per- 
formed by the interossei, but these movements are 
exceedingly limited when the fingers are fully flexed. 


INTERPHALANGEAL JOINTS 


The interphalangeal articulations are 
purely hinge joints (Figs. 5-51; 5-52), and the 
arrangement of their ligaments is similar to 
that seen in the metacarpophalangeal articu- 
lations. Each joint is surrounded by a thin 
fibrous articular capsule, which is rein- 
forced on its palmar surface by thick palmar 
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ligaments over which glide the flexor ten- 
dons. The dorsal aspect of the capsule is 
largely formed by the expanded hoods of the 
extensor tendon, which effectively replaces 
the dorsal ligament. On each side the joint is 
fixed by obliquely oriented collateral liga- 
ments. There are two interphalangeal joints 
in each of the four lateral fingers and one in 
the thumb. 


Movements. The only movements permitted in 
the interphalangeal joints are flexion and extension. 
These movements are more extensive between the 
proximal and middle phalanges than between the 
middle and distal. The degree of flexion is considera- 
ble, but extension is limited by ligamentous action of 
the flexor tendons and by the palmar and collateral 
ligaments. 

Muscles Acting on the Metacarpophalangeal 
and Interphalangeal Joints. Flexion of the 
metacarpophalangeal joints of the four medial fin- 
gers is effected by the flexors digitorum superficialis 
and profundus, the lumbricals, and the interossei, 
assisted in the case of the little finger by the flexor 
digiti minimi. Extension of the metacarpophalangeal 
joint is produced by the extensor digitorum in all 
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joints of a finger viewed from the ulnar or medial aspect. 
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four medial fingers, assisted by the extensor indicis 
in the index finger and the extensor digiti minimi in 
the little finger. 

Flexion of the interphalangeal joints of the fingers 
is accomplished by the flexor digitorum profundus 
acting on both the proximal and distal joints and by 
the flexor digitorum superficialis acting on the proxi- 
mal joints. Extension of the interphalangeal joint is 
now believed to be the result of action by not only 
the lumbricals and interossei, which are intrinsic 
hand muscles, but the long extensor digitorum mus- 
cle as well. 

Flexion of the metacarpophalangeal joint of the 
thumb is effected by the flexors pollicis longus and 
brevis, and extension is produced by the extensor 
pollicis longus and brevis. 

Flexion of the ‘nterphalangeal joint of the thumb 
is accomplished by the flexor pollicis longus, and 
extension is produced by the extensor pollicis 
longus. 


Articulations of the Lower Limb 


The articulations of the lower limb in- 
clude those forming the pelvic girdle and 
those of the free limb. The pelvis, which 
consists of the two hip bones interconnected 
at the pubic symphysis, is firmly attached to 
the axial skeleton by way of the sacroiliac 
joints. These structures, along with the con- 
nections of the sacrum, below to the coccyx 
(sacrococcygeal joint) and above to the fifth 
lumbar vertebra (lumbosacral joint), form 
the pelvic girdle. Because of these strong 
connections to the trunk by way of the verte- 
bral column, the joints of the pelvic girdle 
were described along with those of the axial 
skeleton. What follows are descriptions of 
the remaining joints of the lower extremity. 

The femur, which is the longest and larg- 
est bone in the body, articulates above with 
the pelvic girdle at the acetabulum to form 
the hip joint. Inferiorly, the femur joins the 
tibia and patella at the knee joint, which is 
the largest and most complicated of all the 
- joints. Below the knee, the tibia and fibula 
are interconnected by tibiofibular joints in a 
manner somewhat similar to the bones in the 
forearm. At the ankle or talocrural joint, the 
tibia and fibula join the talus. In the foot, 
joints are located between the _ tarsal 
bones—intertarsal joints, and between the 
tarsal and metatarsal bones—tarsometatar- 
sal joints. The metatarsal bones, in addition 
to articulating with the tarsus, interconnect 
with each other at the intermetatarsal joints 
and with the proximal phalanges of the 


toes—metatarsophalangeal joints. As in the 
hand, each toe consists of phalanges between 
which are located the interphalangeal joints. 


HIP JOINT 


This articulation is a ball-and-socket, or 
spheroid, joint formed by the reception of 
the head of the femur into the cup-shaped 
cavity of the acetabulum. Unlike the shoul- 
der joints which depend on their strength 
from surrounding muscles, the hip joints are 
inherently strong, and their structure is well 
adapted to supporting the weight of the 
trunk as well as permitting a significant de- 
gree of mobility. The head of the femur 
forms more than half a sphere, and its articu- 
lar cartilage, thicker at the center than at the 
circumference, covers its entire surface, ex- 
cept the shallow fovea of the femoral head, 
to which the ligament of the head of the 
femur is attached. The inner surface of the 
acetabulum is characterized by a _ horse- 
shoe-shaped region, the lunate surface, 
which also is covered by articular cartilage. 
Within the lunate surface is a circular de- 
pression devoid of cartilage and occupied by 
fatty tissue covered by synovial membrane. 
To the rim of the acetabulum is attached a 
fibrocartilaginous lip, the acetabular labrum, 
which significantly deepens the socket, and 
the joint is encased in an articular capsule 
which is reinforced by ligaments. 

Ligaments. The ligamentous structures 
of the hip joint are: 


Articular capsule 

lliofemoral 

Pubofemoral 

Ischiofemoral 

Ligament of the head of the femur 
Acetabular labrum 

Transverse acetabular 


The articular capsule (Figs. 5-53; 5-54: 
9-56) is strong and dense. It attaches to the 
pelvis above. Posteriorly, its pelvic attach- 
ment extends to the margin of the acetabu- 
lum 5 to 6 mm beyond the acetabular labrum. 
Anteriorly, it is attached to the outer margin 
of the labrum and, opposite the acetabular 
notch where the margin of the cavity is defi- 
cient, it is connected to the transverse ace- 
tabular ligament and to the edge of the obtu- 
rator foramen. Below, the capsule surrounds 
the neck of the femur. This femoral attach- 
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Fic. 5-53. Right hip joint from the front. 


ment, anteriorly, is to the intertrochanteric 
line; superiorly, to the base of the neck; pos- 
teriorly, to the neck, about 1.25 cm above the 
intertrochanteric crest; and inferiorly, to the 
lower part of the neck, close to the lesser tro- 
chanter. From its anterior, femoral attach- 
ment along the intertrochanteric line, some 
of the capsular fibers are reflected proxi- 
mally along the neck as longitudinal bands, 
termed retinacula. The capsule is much 
thicker at the upper and anterior part of the 
joint, where the greatest amount of resist- 
ance is required. Posteriorly and below, it is 
thin and more loosely attached. Blood ves- 
sels that supply the trochanters, neck, and 
head of the femur penetrate through the cap- 
sular attachments on the femur to achieve its 
upper extremity. The capsule consists of two 
sets of fibers, circular and longitudinal. The 
circular fibers, zona orbicularis, are deeper 
and more abundant at the distal and poste- 
rior part of the capsule, and form a sling or 
collar around the neck of the femur (Figs. 
5-56; 5-57). Most of the capsular fibers are 
oriented longitudinally between the pelvis 
and the femur. They are greatest in number 
at the proximal and anterior part of the cap- 


sule, where they are reinforced by an ex- 
ceedingly strong ligamentous band, the ilio- 
femoral ligament. The articular capsule is 
also strengthened by the pubofemoral and 
the ischiofemoral ligaments. The external 
surface of the capsule is rough, covered by 
numerous muscles, and separated anteriorly 
from the psoas major and iliacus by a bursa, 
which at times communicates by means of a 
circular aperture with the joint cavity. 

The iliofemoral ligament (Fig. 5-53) is a tri- 
angular band of great strength which lies an- 
terior to the joint and is blended intimately 
with the capsule. Its apex is attached su- 
periorly to the lower part of the anterior in- 
ferior iliac spine, and to the body of the 
ilium between this spine and the acetabular 
rim. Distally, it divides into two bands, the 
more medial one of which passes downward 
to be fixed to the lower part of the intertro- 
chanteric line. The other band is directed 
downward and laterally and is attached to 
the proximal part of the same line. Between 
the two bands the capsule is thinner. In some 
instances there is no division, and the liga- 
ment stretches to become a flat triangular 
band, which is attached to the whole length 
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of the intertrochanteric line. This ligament 
is frequently called the Y-shaped ligament 
because it resembles an inverted Y, and its 
lateral band is sometimes named the ilio- 
trochanteric ligament. The iliofemoral liga- 
ment strongly limits extension at the hip 
joint and resists the strain put upon the ante- 
rior part of the fibrous capsule in the usual 
standing position, when the body weight 
tends to roll the pelvis backward upon the 
two femoral heads. 

The pubofemoral ligament (Fig. 5-53) 
arises above from the body of the pubis near 
the acetabulum and from the adjacent supe- 
rior pubic ramus. Below it passes anterior to 
the head of the femur to reach the femoral 
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The right hip joint. Posterior aspect. 


neck. It blends with the capsule and with the 
deep surface of the more medial band of the 
iliofemoral ligament. The pubofemoral liga- 
ment, similar to the iliofemoral, assists in 
prevention of hyperextension, as well as 
checking excessive abduction of the thigh. 

The ischiofemoral ligament (Fig. 5-54) 
consists of a triangular band of fibers that 
springs from the body of the ischium below 
and behind the acetabulum to blend with 
the circular fibers of the capsule. Its upper 
fibers are oriented horizontally across the 
joint, while its lower fibers spiral upward 
and laterally, attaching to the femoral neck 
just medial to the greater trochanter. Superi- 
orly its fibers blend with the iliofemoral liga- 


ment. As is the case with the other capsular 
ligaments, the ischiofemoral ligament be- 
comes tense during extension of the femur. 

The ligament of the head of the femur 
(Figs. 5-55; 5-56) is a triangular, somewhat 
flattened band implanted by its apex into the 
fovea or pit on the head of the femur. Its 
base is attached by two bands, one on each 
end of the acetabular notch. Between these 
attachments at the notch spans the trans- 
verse acetabular ligament. The ligament of 
the head of the femur is ensheathed by the 
synovial membrane, and varies greatly in 
strength in different subjects. Occasionally 
only the synovial fold exists, and in rare 
cases even this is absent. The ligament is 
made tense when the thigh is semiflexed and 
then adducted, and becomes relaxed when 
the limb is abducted. It is often too weak to 
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act appreciably as a ligament, but it gener- 
ally contains a small artery that may assist in 
supplying the head of the femur in adults. 

The acetabular labrum (Fig. 5-56) is a fi- 
brocartilaginous rim attached to the margin 
of the acetabulum, thereby deepening its 
cavity. It protects the bony rim of the cup 
and smooths its surface. The labrum bridges 
the acetabular notch as the transverse ace- 
tabular ligament, thereby forming a com- 
plete circle, which closely surrounds the 
head of the femur and assists in holding it in 
place. On cross-section it is triangular in 
shape, and its base is attached to the margin 
of the acetabulum, while its opposite edge is 
free and sharp. Its surfaces are invested by 
synovial membrane. Externally it is in con- 
tact with the capsule, while internally it is 
inclined inwardly, narrowing the acetabu- 
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Fic. 5-55. The left hip joint which has been opened from within the pelvis. The articular surface of the head of the 
femur has been exposed by the removal of the floor of the acetabulum. 
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Fic. 5-56. A section through the hip joint. 


lum and embracing the cartilaginous surface 
of the head of the femur. 

The transverse acetabular ligament (Figs. 
5-55; 5-56) is in reality a portion of the ace- 
tabular labrum, though differing from it in 
having no cartilage cells among its fibers. It 
arises from the margin of the acetabulum on 
each side of the acetabular notch and con- 
sists of strong, flattened fibers which cross 
the notch and convert it into a foramen 
through which the nutrient vessels enter the 
joint. The two bands of the ligament of the 
head of the femur are attached to the trans- 
verse acetabular ligament, one to each end. 


Synovial Membrane (Fig. 5-57). The synovial 
surface is extensive. Commencing at the margin of 
the cartilaginous surface of the head of the femur, it 
covers the portion of the neck that is contained 
within the joint capsule. From the neck it is reflected 
as the internal surface of the capsule to cover both 
surfaces of the labrum and the mass of fat in the 
depression of the acetabular fossa. It ensheathes the 
ligament of the head of the femur. The joint cavity 
sometimes communicates with the subtendinous 
iliac bursa lying deep to the tendon of the psoas 


major. When this occurs, the communication is 
found anteriorly between the pubofemoral ligament 
and the more medially oriented band of the iliofemo- 
ral ligament. 

Relationships of the Hip Joint (Fig. 5-58). The 
hip joint is related to the muscles and tendons that 
Surround it as well as to the vessels and nerves that 
pass from the pelvis into the lower extremity. Ante- 
riorly, in direct contact with the joint capsule are 
bursae, which underlie the iliacus and the tendon of 
the psoas major. Anteromedially, a few of the more 
lateral fibers of the pectineus muscle are in contact 
with the capsule. More superficially are located the 
femoral vessels and nerves as well as the rectus fem- 
oris, Sartorius, and tensor fasciae latae muscles. Su- 
periorly, the reflected head of the rectus femoris 
muscle ts adjacent to the more medial aspect of the 
capsule, while the gluteus minimus is closely adher- 
ent to its lateral part. Inferiorly, the obturator ex- 
ternus, the lateral fibers of the pectineus, and the 
medial femoral circumflex artery are in close rela- 
tionship to the joint. Posteriorly, and closely related 
to the articular capsule, are the obturator externus 
and internus, the gemelli, and the piriformis mus- 
cles, while more superficially are found the quadra- 
tus femoris and gluteus maximus muscles, as well as 
the sciatic and posterior femoral cutaneous nerves. 
Covering all of these is the gluteus maximus. 
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Fic. 5-57. Synovial membrane of capsule of hip joint (distended). Posterior aspect. 


Arteries and Nerves. The arteries to the hip 
joint are derived from (1) the medial femoral circum- 
flex branch of the profunda femoral artery; (2) the 
obturator artery by way of the acetabular branch, 
which sends a small vessel along the ligament of the 
head of the femur; (3) the superior and inferior glu- 
teal vessels. At times the lateral femoral circumflex 
artery contributes directly to the joint as well. 

In the adult, vessels are seen to ascend to the fem- 
oral head from the neck of the femur in the reflected 
retinacular fibers of the joint capsule, anastomosing 
with each other and with twigs derived from the ar- 
tery of the ligament of the femoral head. This latter 
vessel is of great importance until puberty, but as 
age advances and anastomotic channels develop 
among the other vessels, the artery accompanying 
the ligament of the head of the femur becomes 
smaller and less significant to the vascular integrity 
of the hip joint. 

The nerves to the hip joint come from the femo- 
ral, obturator, and accessory obturator (when pres- 
ent) nerves to the quadratus femoris and superior 
gluteal. 

Movements. The movements at the hip joint are 
extensive and consist of flexion, extension, adduc- 
tion, abduction, circumduction, and rotation. Not 
only does the thigh move on the hip bone {as in 
walking), but also of importance are those move- 


ments of the pelvis on the thigh, such as elevating 
the trunk from the supine position. 

Although the hip joint is a freely movable ball- 
and-socket joint, it is essential to observe that the 
femur does not rotate around the long axis of the 
shaft because this would necessitate dislocating the 
femoral head from its socket. Rotation of the thigh, 
therefore, takes place around an imaginary axis, that 
is, a line drawn from the point of attachment of the 
ligament of the femoral head above, to the medial 
condyle of the femur at the knee below. Further ex- 
planations of this peculiarity rest with the fact that 
the neck of the femur is a segment of bone of appre- 
ciable length and that it joins the shaft at an abrupt 
angle (the ang/e of inclination, which averages about 
125° in adults). All movements of the thigh must 
be translated into movements of the femoral neck 
rather than the shaft. For example, flexion and ex- 
tension of the thigh as a whole are caused by rota- 
tion of the head and neck of the femur around a 
nearly transverse axis. Rotation of the femur occurs 
about a vertical axis which extends along a line from 
the head of the femur through the center of the me- 
dial condyle. During rotation of the thigh, the femo- 
ral neck swings backward and forward, while the 
femoral head rotates tn the acetabulum around the 
vertical axis. 

Abduction and adduction of the thigh move both 
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Fic. 5-58. Structures surrounding right hip joint. 


the femoral head and neck around an anteroposte- 
rior axis. Abduction is somewhat freer than adduc- 
tion. 

The hip joint presents a striking contrast to the 
shoulder joint in that its mechanical arrangements 
ensure security and a limitation of movements. In 
the shoulder, the head of the humerus far exceeds 
the size of the articular surface of the glenoid cavity, 
and the ordinary movements of the humeral head 
are hardly restrained by the loose joint capsule. In 
the hip joint, on the contrary, the head of the femur 
is closely fitted to the acetabulum for an area extend- 
ing over nearly half a sphere. At the margin of the 
bony cup the femoral head is still more closely em- 
braced by the glenoid labrum, so that it is held in 
‘place by that ligament even when the fibers of the 
capsule have been divided. The iliofemoral ligament 
is the strongest of all the ligaments in the body, and 
it becomes stretched by any attempt to extend 
the femur beyond a straight line with the trunk. 
This ligament is the chief structure that maintains an 
erect position without muscular fatigue. A vertical 
line that descends through the center of gravity of 
the trunk falls behind the centers of rotation in the 
hip joints. The pelvis would therefore tend to fall 
backward, but is prevented from doing so by the 
tension of the tliofemoral ligaments. Even though 
the head of the femur and the acetabulum are di- 


rectly united through the ligamentum capitis, it is 
doubtful whether this ligament has much influence 
on the security of the hip joint. 

When the knee its flexed, flexion at the hip joint 
is arrested when the soft parts of the thigh and 
anterior abdominal wall are brought into contact. 
When the knee is extended, flexion at the hip 
joint is limited by the tension developed through 
the ligamentous action of the hamstring muscles. 
Extension at the hip joint is checked by the tension 
of the iliofemoral ligament. Adduction is limited by 
the thighs coming into contact, while adduction with 
flexion is arrested by tension developed in the lateral 
band of the iliofemoral ligament and the lateral part 
of the capsule. Although abduction is a relatively 
free movement, it becomes limited by the medial 
band of the iliofemoral ligament and the pubo- 
femoral ligament. Lateral rotation is checked by the 
lateral band of the iliofemoral ligament, whereas 
medial rotation becomes restricted by the ischiofem- 
oral ligament and the posterior part of the capsule. 

Muscles Producing Movements. Flexion of the 
femur on the pelvis is principally produced by the 
psoas major, iliacus, and pectineus. Additionally, 
most of the other muscles that attach to the femur 
and the anterior aspect of the pelvis assist in flexion 
of the thigh. These include the rectus femoris, sarto- 
rius, tensor fasciae latae, the adductors longus and 


brevis, the anterior part of the adductor magnus, the 
gracilis, and the anterior portions of the gluteus min- 
imus and medius. Extension is mainly performed 
by the gluteus maximus, assisted by the hamstring 
muscles, including the ischial head of the adductor 
magnus. Accessory extensors include the gluteus 
medius and piriformis and even the obturator in- 
ternus. 

Adduction ts produced by the adductors longus 
and brevis and the obturator portion of the adductor 
magnus, as well as the pectineus and gracilis. Ac- 
cessory adductors include the gluteus maximus, ob- 
turator externus and quadratus femoris, and the 
hamstrings, including the tschial head of the adduc- 
tor magnus and the iliopsoas. Abduction is chiefly 
performed by the gluteus medius and minimus. In 
addition, the tensor fasciae latae, piriformis, and sar- 
tortus also assist in abduction. 

Medial rotation is a rather weak movement, 
but those muscles whose line of tension passes 
anterior to the vertical axis of the femoral head 
and neck act as medial rotators of the thigh, re- 
gardless of their insertion. These include the anterior 
fibers of gluteus medius and minimus, the tensor 
fasciae latae, the adductors longus, brevis, and mag- 
nus, the pectineus, and the iliacus and psoas major. 
Lateral rotation is a powerful movement, and re- 
sults from the actions of muscles that pass across 
the hip joint behind the vertical axis around which 
the femoral head and neck rotate. The external rota- 
tors include the posterior fibers of gluteus medius 
and minimus, the piriformis, obturators externus 
and internus, gemellus superior, gemellus inferior, 
quadratus femoris, gluteus maximus, and Sartorius. 


KNEE JOINT 

The knee joint is the largest joint in the 
body. Although structurally it resembles a 
hinge joint, its movements are more compli- 
cated than those at a simple hinge joint, be- 
cause rotation and gliding movements also 
occur at the knee. The knee joint is vulnera- 
ble because of the incongruence of the ap- 
posing articular surfaces (Figs. 5-59; 5-60), 
but its great stability is maintained by the 
arrangement and strength of its ligaments 
and the muscles and tendons that pass 
across the joint. The knee joint is a com- 
pound joint, and might conveniently be re- 
garded as consisting of three articulations 
with a common joint cavity. There are two 
condyloid joints, one between each condyle 
of the femur and the corresponding condyle 
of the tibia, and a third between the patella 
and the femur, classified as a saddle or sellar 
type of joint (Fig. 5-60). Each of the condy- 
loid joints is partially divided by a fibrocar- 
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Fic. 5-59. Anteroposterior roentgenogram of the adult 
knee. 1, Medial condyle of femur. 2, Medial condyle of 
tibia. 3, Lateral condyle of femur. 4, Lateral condyle of 
tibia. 5, Medial intercondylar tubercle of tibia. 6, Lateral 
intercondylar tubercle of tibia. 7, Adductor tubercle of 
femur. 8, Head of fibula. The gap between the lateral 
condyles of the femur and tibia is occupied by the articu- 
lar cartilage of the two bones and by the lateral menis- 
cus. 


tilaginous meniscus interposed between the 
corresponding articular condyles. Some 
phylogenetic evidence supports this concept 
of knee joint structure. In some lower mam- 
mals the knee joint consists of three separate 
synovial cavities that are either entirely dis- 
tinct or connected by only small communi- 
cating channels and correspond to the three 
articulations in the human knee cavity. This 
view is strengthened by the existence of two 
cruciate ligaments in the middle of the knee 
joint that can be regarded as collateral liga- 
ments of the medial and lateral condylar 
joints. 

Articular Surfaces. ‘The tibial condyles 
present two cartilage-covered articular sur- 
faces, which are nearly flat but slightly con- 
cave, and which are separated by the inter- 
condylar area (Fig. 5-59). Although the facet 
of the medial condyle lies entirely upon the 
superior surface of the tibia, the facet of the 
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Fig. 5-60. Lateral roentgenogram of the partially flexed adult knee. 1, Patella. 2, Margin of the lateral condyle of the 
tibia. 3, Margin of the medial condyle of the tibia. 4, Intercondylar eminences of the tibia. 5, Apex of the head of the 
fibula. 6, Tibiofibular articulation (proximal). Observe that the medial condyle of the femur descends slightly lower 
than the lateral condyle and that the superior surface of the tibia and the femoral condyles present incongruous bony 


contours. 


lateral condyle is extended somewhat over 
the posterior condylar margin where the ten- 
don of the popliteus muscle attaches to the 
lateral meniscus. The two femoral condyles 
are rounded (Fig. 5-60) and they are curved 
more posteriorly than anteriorly. They are 
convex both anteroposteriorly and from side 
to side, and the condyles are separated pos- 
teriorly by the deep intercondylar notch. 
Anteriorly the condyles fuse to form the pa- 
tellar surface of the femur. The two femoral 
condyles are of different shapes. The distal 
surface of the medial condyle is narrower 
and longer than that of the lateral condyle. 

Attached principally to the periphery of 
the tibial condyles are the fibrocartilaginous 
menisci, which only slightly deepen the con- 
cavities on the superior surface of the tibia. 
The menisci are importantly involved in the 
rotation of the femur at the knee. The femur 
and tibia are not in direct alignment verti- 
cally, because the femur slants slightly in- 
ward at the knee, whereas the tibia is nearly 
vertical. 


The articular surface of the patella fits 
rather imperfectly within the concavity of 
the patellar surface of the femur (Fig. 5-60). 
A longitudinal ridge divides the articular 
surface of the patella into a large lateral and 
a smaller medial part. The latter is further 
subdivided by another vertical ridge into 
two smaller areas. 

Ligaments. The ligaments interconnect- 
ing the bones at the knee are: 


Articular capsule 
Patellar 

Oblique popliteal 
Arcuate popliteal 
Tibial collateral 
Fibular collateral 
Anterior cruciate 
Posterior cruciate 
Medial meniscus 
Lateral meniscus 
Transverse 


The articular capsule (Figs. 5-61; 5-62) is a 
complex structure which does not form a 





FiG. 5-61. Right knee joint. Anterior view. 


complete fibrous sac as is generally found in 
other joints. Instead, throughout most of its 
extent the fibrous capsule consists of muscle 
tendons or tendinous expansions between 
which a few true capsular fibers are found 
interconnecting the articulating bones. Its 
inner surface is lined by a synovial mem- 
brane, but often this synovial lining is sepa- 
rated from the fibrous-ligamentous layer by 
various other structures within the joint 
such as fat pads and the menisci. Anteriorly, 
the fibrous layer of the capsule is completely 
lacking above the patella, and deep to the 
tendon of the quadriceps femoris is directly 
found the synovial lining. At the level of the 
patella and inferior to the patella, the antero- 
medial and anterolateral aspects of the fi- 
brous capsule blend with expansions of the 
tendons of the vastus medialis and vastus 
lateralis muscles, as well as the fascia lata 
and its iliotibial band (Fig. 5-61). These fill 
the intervals between the patellar ligament 
and collateral ligaments and constitute the 
medial and lateral patellar retinacula, which 
descend to attach to the anterior rim of the 


ARTICULATIONS OF THE LOWER LIMB 399 


tibial condyles. Posteriorly, the capsule con- 
sists of vertical fibers which arise above 
from the margins of the femoral condyles 
and from the borders of the intercondylar 
fossa of the femur. The capsule descends to 
attach to the posterior margins of the tibial 
condyles. The lines of attachment of the pos- 
terior part of the articular capsule are situ- 
ated on the sides of and anterior to the cruci- 
ate ligaments; these are, therefore, excluded 
from the joint cavity. Blending with the cap- 
sular fibers, posteriorly and above, are the 
tendons of origin of the two heads of the gas- 
trocnemius muscle. A bit lower stretches the 
oblique popliteal ligament, which strength- 
ens the capsule as it expands upward and 
laterally from the insertion of the tendon of 
the semimembranosus (Fig. 5-62). Laterally, 
capsular fibers stretch from the border of the 
lateral femoral condyle above the origin of 
the popliteus muscle to the lateral aspect of 
the tibial condyle and the head of the fibula. 
The fibular collateral ligament remains dis- 
tinct from the capsule. Medially, the articu- 
lar capsule attaches above to the margin of 
the medial femoral condyle and below to the 
corresponding margin of the medial tibial 
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Fig. 5-62. The right knee joint. Posterior aspect. 
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condyle. Fibrous expansions from the sarto- 
rius and semimembranosus pass proximally 
to the tibial collateral ligament, strengthen- 
ing the capsule. On the deep side of the cap- 
sule medially is a thickening that extends 
from the medial epicondyle of the femur to 
the medial meniscus (Last, 1948). Considered 
today as a deep portion of the tibial collat- 
eral ligament, it holds the medial convexity 
of the meniscus firmly to the femur. 

The patellar ligament (Fig. 5-61) is the cen- 
tral portion of the common tendon of the 
quadriceps femoris, which is continued 
from the patella to the tuberosity of the tibia. 
It is an extremely strong, flat band, about 
8cm in length, attached above to the apex 
and adjoining margins of the patella and the 
rough depression on its posterior surface, 
and below to the tuberosity of the tibia. Its 
superficial fibers are continuous over the 
front of the patella with those of the tendon 
of the quadriceps femoris. The medial and 
lateral portions of the tendon of the quadri- 
ceps pass down on each side of the patella, 
to be inserted into the proximal extremity of 
the tibia along the sides of its tuberosity. 
These portions merge into the capsule, to 
form the medial and lateral patellar retinac- 
ula. The posterior surface of the patellar lig- 
ament is separated from the synovial mem- 
brane of the joint by a large infrapatellar 
pad of fat, and from the tibia by a bursa. 

The oblique popliteal ligament (Fig. 5-62) 
is a broad, flat fibrous band of great strength 
which blends into and reinforces the poste- 
rior part of the joint capsule. Its obliquely 
coursing fibers are attached laterally and 
proximally to the margin of the intercondy- 
lar fossa and posterior surface of the lateral 
condyle of the femur, and distally to the pos- 
terior margin of the medial condyle of the 
tibia. Many of its more superficial fibers are 
derived from the tendon of the semimem- 
branosus muscle, passing upward and later- 
ally from the insertion site of that muscle. 
The oblique popliteal ligament is perforated 
by branches of the middle genicular vessels 
as well as articular nerve filaments. It forms 
part of the floor of the popliteal fossa, and 
the popliteal artery rests upon it. 

The arcuate popliteal ligament (Fig. 5-62) 
is a triangular band of capsular fibers at- 
tached above to the posterior aspect of the 
lateral condyle of the femur. It arches medi- 
ally and downward in the posterior part of 
the knee joint capsule, over the tendon of the 


popliteus muscle, to attach to the posterior 
border of the intercondylar area of the tibia 
and to the posterior surface of the apex of 
the fibular head. 

The tibial collateral ligament (Figs. 5-61 to 
5-63; 5-66) is a broad, flat band situated on 
the medial aspect of the knee joint, nearer 
the posterior part of the joint than the ante- 
rior. It is attached above to the medial epi- 
condyle of the femur immediately below the 
adductor tubercle, and below, to the medial 
condyle and medial surface of the shaft of 
the tibia. The fibers of the posterior part of 
the ligament are short and are inserted into 
the medial condyle of the tibia proximal to 
the groove for the semimembranosus. The 
anterior part of the ligament is a flattened 
band, about 10cm long, which inclines for- 
ward as it descends to be inserted into the 
medial surface of the shaft of the tibia about 
2.5cm distal to the level of the condyle. It 
is crossed, at its distal part, by the tendons 
of the sartorius, gracilis, and semitendino- 
sus, a bursa being interposed. Inferiorly, its 
deep surface covers the inferior medial 
genicular vessels and nerve and the anterior 
portion of the tendon of the semimembrano- 
sus, to which it is connected by a few fibers. 
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Fic. 5-63. The right knee joint. Flexed and dissected 
anteriorly. 


The anterior margin of the ligament is free, 
but its posterior margin is firmly attached to 
the medial meniscus as it descends past the 
mid-region of the joint. 

The fibular collateral ligament (Figs. 5-62: 
5-63; 5-66) is a strong, rounded fibrous cord, 
attached above to the posterior part of the 
lateral epicondyle of the femur, immediately 
above the groove for the tendon of the 
popliteus muscle, and below to the lateral 
side of the head of the fibula anterior to its 
apex. The greater part of its lateral surface is 
covered by the tendon of the biceps femoris, 
although the tendon divides at its insertion 
into two parts which are separated by the 
ligament. Deep to the ligament are the ten- 
don of the popliteus muscle (Fig. 5-64) and 
the inferior lateral genicular vessels and 
nerve. The ligament lies free from the cap- 
sule and has no attachment to the lateral 
meniscus. 

The cruciate ligaments (Figs. 5-63 to 5-68) 
are two intra-articular ligaments of consid- 
erable strength, situated in the middle of the 
joint, nearer its posterior than its anterior 
surface. They are called cruciate because 
they cross each other somewhat like the 
lines of the letter X, and have received the 
names anterior and posterior, from the posi- 
tion of their attachments to the tibia. 

The anterior cruciate ligament (Figs. 5-63 
to 5-65) is attached to a depression in the an- 
terior intercondylar area on the surface of 
the tibial plateau. This tibial attachment lies 
in front of the anterior intercondylar tuber- 
cle and is blended with the anterior extrem- 
ity of the lateral meniscus. It passes upward, 
backward, and laterally, to be fixed into the 
posterior part of the medial surface of the 
lateral condyle of the femur (Figs. 5-64; 5-65). 


The anterior cruciate ligament limits hyperexten- 
sion of the knee as well as prevents the backward 
sliding of the femur on the tibial plateau. Its limita- 
tion of extension of the lateral condyle, to which it is 
attached, then causes medial rotation of the femur 
as the unencumbered medial condyle continues to 
extend, until it achieves its full extension. The collat- 
eral ligaments of the knee along with the oblique 
popliteal ligament then become taut, thereby limit- 
ing further rotation as the knee joint becomes 
locked. This “‘screw home” action, to which the an- 
terior cruciate ligament importantly contributes, al- 
lows the knee to attain rigidity. 

In contrast, when the foot is solidly on the ground, 
thereby fixing the leg, the anterior cruciate ligament 
assists in limiting medial rotation. 
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Fic. 5-64. The anterior cruciate ligament during exten- 
sion in the right knee joint. Medial view. The lower me- 
dial half of the femur, including the medial femoral con- 
dyle, has been removed to expose fully the ligament. 1, 
Anterior cruciate ligament. 2, Lateral femoral condyle. 3, 
Medial meniscus. 4, Lateral meniscus. (From Girgis, Mar- 
shall and Al-Monajem, 1975.) 


The posterior cruciate ligament (Figs. 5-66 
to 5-68) is stronger, but shorter and less 
oblique in its direction than the anterior. It is 
attached to a depression on the posterior in- 
tercondylar area of the tibia, and extends 
slightly onto the contiguous posterior sur- 
face of the tibia. It also is attached to the 
posterior extremity of the lateral meniscus. 

Passing upward, forward, and medially, 
the posterior cruciate ligament is fixed to the 
lateral surface of the medial femoral con- 
dyle (Figs. 5-67; 5-68). - 


The posterior cruciate ligament prevents hyper- 
flexion of the knee, and its attachments prevent the 
femur from sliding forward on the superior tibial sur- 
face when the knee is flexed. This function of the 
ligament is especially important in walking down a 
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FiG. 5-65. The anterior cruciate ligament during flexion 
in the right knee joint. Medial view. As in Figure 5-64, 
the medial femoral condyle has been removed. Note the 
tightness of the anteromedial band of the anterior cruci- 
ate ligament (arrow) during flexion and the looseness of 
the major part of the ligament. 1, Anterior cruciate liga- 
ment. 2, Lateral femoral condyle. 3, Medial meniscus. 4, 
Lateral meniscus. (From Girgis, Marshall and Al-Monajem, 
1975.) 
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Fic. 5-66. 
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steep incline or down steps, when the body weight ts 
transferred to the tibia at the same time as the knee 
joint flexes. 


The menisci (Fig. 5-69) are two crescentic 
lamellae that serve to deepen the surfaces of 
the articular plateau on the head of the tibia 
for reception of the condyles of the femur. 
The peripheral outer border of each menis- 
cus is thick and convex, while the opposite 
inner border tapers to a thin free edge. The 
upper surfaces of the menisci are concave, 
and in contact with the condyles of the 
femur, and their lower surfaces are flat, and 
rest upon the head of the tibia. Both surfaces 
are smooth, and adjacent to synovial mem- 
brane. Each meniscus covers approximately 
the peripheral two-thirds of the correspond- 
ing articular surface of the tibia. The periph- 
eral rim of each meniscus is connected to the 
margin of the tibial head by portions of the 
fibrous capsule that are called the coronary 
ligaments. 

The medial meniscus (Figs. 5-63; 5-66; 5-69; 
5-70) is nearly semicircular in form, and 
broader posteriorly than in front. Its anterior 
end, thin and pointed, is attached to the an- 
terior intercondylar area of the tibia, in front 
of the anterior cruciate ligament (Fig. 5-63), 
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Left knee joint, posterior aspect, showing interior ligaments. 
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Fic. 5-67. The posterior cruciate ligament during ex- 
tension of the right knee joint. Posterolateral view. The 
lower lateral part of the femur, including the lateral con- 
dyle, has been removed to reveal the attachments of the 
ligament. Only the posterior band of the ligament 
(arrow) becomes taut during extension. 1, Posterior cru- 
ciate ligament. 2, Medial femoral condyle. 3, Lateral 
meniscus. 4, Medial meniscus. (From Girgis, Marshall 
and Al-Monajem, 1975.) 


and a band of fibers behind the tibial at- 
tachment is continuous with the transverse 
ligament of the knee (Figs. 5-66; 5-69). Its 
posterior end is fixed to the posterior 
intercondylar area of the tibia, between the 
attachments of the lateral meniscus and the 
posterior cruciate ligament. The circumfer- 
ence of the medial meniscus is attached to 
the joint capsule and to the deep surface of 
the tibial collateral ligament. 

The lateral meniscus (Figs. 5-63; 5-66; 5-69) 
is nearly circular in form. It covers a larger 
portion of the tibial articular surface, but is 
less firmly attached than the medial. The 
meniscus is grooved laterally for the tendon 
of the popliteus muscle, which separates it 
from the fibular collateral ligament. Its ante- 
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rior end is attached in front of the intercon- 
dylar eminence of the tibia, lateral to and 
behind the anterior cruciate ligament with 
which it blends. Additionally, the anterior 
convex margin of the lateral meniscus 
attaches to the transverse ligament of the 
knee (Fig. 5-69). The posterior end is at- 
tached behind the intercondylar eminence 
of the tibia and in front of the posterior end 
of the medial meniscus. The anterior attach- 
ment of the lateral meniscus is twisted on 
itself and rests on a sloping shelf of bone on 
the lateral process of the intercondylar emi- 
nence. Close to its posterior attachment it 
sends off a strong fasciculus, the posterior 
meniscofemoral ligament (of Wrisberg), 
which passes upward and medially to be 
inserted into the medial condyle of the 
femur, immediately behind the attachment 
of the posterior cruciate ligament (Figs. 5-66; 
5-69). Occasionally, another small fascicu- 
lus, the anterior meniscofemoral ligament 
(of Humphrey), also attaches to the posterior 
part of the lateral meniscus, and passes in 
front of the posterior cruciate ligament to be 
inserted into the medial condyle of the 
femur. One or the other of the menisco- 
femoral ligaments are found in about 70% of 
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Fic. 5-68. The posterior cruciate ligament during flex- 
ion of the right knee joint. Posterolateral view. As in 
Figure 5-66, the lateral femoral condyle has been re- 
moved. During flexion the small posterior band of the 
ligament (orrow) is loose while the remaining major por- 
tion of the ligament is taut. 1, Posterior cruciate liga- 
ment. 2, Medial condyle. 3, Lateral meniscus. 4, Medial 
meniscus. (From Girgis, Marshall and Al-Monajem, 
1975.) 
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Posterior cruciate ligament 


Head of right tibia seen from above, showing the menisci and the attachments onto the tibia of the cruciate 


Fic. 5-69. 
ligaments. 
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Fic. 5-70. Sagittal section of right knee joint, showing the infrapatellar fat pad and certain bursae. 


knee joints (Girgis, Marshall, and Al-Mona- 
jem, 1975). 

The transverse ligament of the knee (Fig. 
5-69) connects the anterior convex margin of 
the lateral meniscus to the anterior end of 
the medial meniscus. Its thickness varies 
considerably in different subjects, and it is 
sometimes absent. 


Synovial Membrane. The synovial membrane 
of the knee joint is the most extensive and compli- 
cated joint in the body. Originating at the proximal 
border of the patella, it forms a large sac beneath the 
quadriceps femoris (Fig. 5-71) on the distal part of 
the front of the femur. Although frequently referred 
to as the suprapatellar bursa, it is not a true fric- 
tional bursa, but only an extension of the synovial 
cavity above the patella. This large pouch of synovial 
membrane is supported during movements of the 
knee by a small muscle, the articularis genu, which 
inserts Into it. On both sides of the patella, the syno- 
vial membrane extends beneath the aponeuroses of 
the vasti muscles, but more especially beneath that 
of the vastus medialis. Distal to the patella it is sepa- 
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rated from the patellar ligament by a considerable 
quantity of fat, known as the infrapatellar fat pad. 
From both the medial and lateral borders of the artic- 
ular surface of the patella, the synovial membrane 
projects as two fringe-like folds to the interior of the 
joint. These are called the alar folds, which con- 
verge and continue as a single band, the infrapatel- 
lar synovial fold, to attach to the anterior aspect of 
the intercondylar fossa of the femur. At the upper 
posterior aspect of the joint, the synovial membrane 
forms two pouches that lie deep to the origins of the 
gastrocnemius muscles (Fig. 5-72). 

On both sides of the joint, the synovial membrane 
passes downward from the femur, lining the capsule 
to its point of attachment to the menisci. It may then 
be traced over the proximal surfaces of the menisci 
to their free borders, which are not covered by syno- 
vial membrane, and then along their distal surfaces 
to the tibia (Figs. 5-71; 5-72). At the posterior part 
of the lateral meniscus, the synovial membrane 
forms a small sac, the subpopliteal recess, between 
the groove on the surface of the meniscus and the 
tendon of the popliteus muscle. The membrane its 
reflected anteriorly across the cruciate ligaments, 
which are therefore excluded from the synovial 
cavity. 
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Fic. 5-71. Synovial membrane of the articular capsule of right knee joint (distended and colored blue). Lateral aspect. 
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Bursae (Figs. 5-70 to 5-72). The bursae re- 
lated to the knee joint are the following. 

Anteriorly there are four bursae: (1) the large 
subcutaneous prepatellar bursa, interposed be- 
tween the patella and the skin; (2) the smaller deep 
infrapatellar bursa between the upper part of the 
tibia and the patellar ligament; (3) the subcutane- 
ous infrapatellar bursa between the lower part of 
the tuberosity of the tibia and the skin; (4) the supra- 
patellar bursa between the anterior surface of the 
lower part of the femur and the deep surface of the 
quadriceps femoris, which usually communicates 
with the knee joint. 

Laterally there are four bursae: (1) the lateral 
gastrocnemius bursa, which sometimes communi- 
cates with the joint, between the lateral head of the 
gastrocnemius muscle and the capsule; (2) the infe- 
rior biceps femoris bursa between the fibular collat- 
eral ligament and the tendon of the biceps femoris 
muscle; (3) one between the fibular collateral liga- 
ment and the tendon of the popliteus muscle (this is 
sometimes only an expansion from the next bursa); 
(4) the popliteus bursa between the tendon of the 
popliteus and the lateral condyle of the femur, which 
is usually an extension from the synovial membrane 
of the joint. 

Medially, there are five bursae: (1) the medial 
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gastrocnemius bursa between the medial head of 
the gastrocnemius and the capsule; this sends a pro- 
longation between the tendon of the medial head of 
the gastrocnemius and the tendon of the semimem- 
branosus and often communicates with the joint; 
(2) the anserine bursa, superficial to the tibial col- 
lateral ligament, and between it and the tendons of 
the sartorius, gracilis, and semitendinosus; (3) one 
deep to the tibial collateral ligament, and between it 
and the tendon of the semimembranosus (this is 
sometimes only an expansion from the next bursa); 
(4) one between the tendon of the semimembrano- 
sus and the medial condyle of the tibia; (5) occasion- 
ally there is a bursa between the tendons of the sem- 
imembranosus and semitendinosus muscles. 
Structures Around the Joint. Anteriorly, the 
knee joint is covered by the tendon of the quadriceps 
femoris. Expanding anteromedially and anterolater- 
ally are the tendons of the vastus medialis and 
vastus lateralis, forming the medial and lateral patel- 
lar retinacula. Laterally in relationship to the joint 
are the tendons of the biceps femoris and popliteus 
muscles and the common peroneal nerve. Medially 
are found the sartorius, gracilis, semitendinosus, 
and semimembranosus muscles. Posteriorly and 
within the popliteal fossa are located the popliteal 
artery and vein, and the tibial nerve along with 


lymph nodes and fat. Also found posteriorly are the 
popliteus and plantaris muscles and the medial and 
lateral heads of the gastrocnemius muscle. 

Arteries and Nerves. The arteries supplying the 
knee joint form an anastomosis that includes the 
descending genicular branch of the femoral artery, 
the genicular branches of the popliteal, the recurrent 
branches of the anterior tibial, and the descending 
branch from the lateral femoral circumflex branch of 
the deep (profunda) femoral artery. 

The nerves that supply the knee joint are sensory 
articular branches from the obturator, femoral, com- 
mon peroneal, and tibial nerves. 

Movements. The movements that take place at 
the knee joint are flexion and extension, and medial 
and lateral rotation. 

The movements of flexion and extension at the 
knee differ from those in a typical hinge joint, such 
as the elbow, because (1) the femoral condyles are 
curved in such a way that the axis around which 
flexion and extension occur is not fixed, but shifts 
somewhat forward during extension and backward 
during flexion of the leg on the thigh; and (2) with 
the foot firmly fixed on the ground, the commence- 
ment of flexion (as in the assumption of a sitting 
position from a standing position) is accompanied by 
some lateral rotation of the femur, and at the end of 
extension (as in arising from a sitting position), a 
considerable medial rotation of the femur occurs. 
With the foot off the ground, extension (as in swing- 
ing of the leg in the air while sitting in a chair) ts 
accompanied by lateral rotation of the tibia, and 
flexion with medial rotation of the tibia. 

The movement from full flexion to full extension 
with the foot firmly stabilized on the ground (as in 
arising from a sitting position) may be described by 
the following phases: 

7. In the fully flexed position, the posterior parts 
of the femoral condyles rest on the corresponding 
surfaces of the tibial articular plateau, and their su- 
perimposed menisci. 

2. During extension of the thigh at the knee joint 
from the fully flexed position, the tibia and the me- 
nisci glide forward, so that the axis, which at the 
initiation of movement is represented by a line 
through the medial and lateral condyles of the 
femur, gradually shifts anteriorly. 

3. The lateral condyle of the femur is brought 
almost to rest by the tightening of the anterior cruci- 
ate ligament; however, it moves slightly anterior and 
medialward, pushing before it the anterior part of 
the lateral meniscus. Because the articular surface of 
the medial condyle is prolonged farther anteriorly 
than that of the lateral condyle, as the anterior 
movement of the condyles is checked by the anterior 
cruciate ligament, continued muscular action causes 
the medial condyle to drag with it the medial menis- 
Cus and to travel posteriorly and medially, thus pro- 
ducing a medial rotation of the femur on the tibia. 

4. When the position of full extension is reached, 
medial rotation of the femur causes tautness in the 
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oblique popliteal ligament as well as in the two col- 
lateral ligaments, preventing further medial rotation. 
The knee joint, now fully extended and the femur 
medially rotated, ts rigid and locked in the so-called 
“screw home” position. 

5. In standing erect, the weight of the body falls 
in front of a line carried across the centers of the 
knee joints, and therefore tends to produce overex- 
tension of the articulations. This, however, is pre- 
vented by the tension of the anterior cruciate, 
oblique popliteal, and collateral ligaments. 

The movement of flexion from the fully extended 
position results from the converse of the above 
phases. Therefore, it is preceded by a lateral rotation 
of the femur which unlocks the extended joint. This 
initial lateral rotation of the femur at the commence- 
ment of flexion is produced by the popliteus muscle 
(Last, 1950). 

In addition to flexion and extension and the pas- 
sive rotation essential for their initiation or comple- 
tion (conjunct rotation), a certain degree of active 
voluntary rotation at the knee joint (adjunct rotation) 
can be achieved when the knee ts partially flexed, 
because the cruciate and collateral ligaments are not 
fully tightened at that time. Voluntary rotation can- 
not be performed when the knee is tn full extension. 

Movements of the Patella. The articular sur- 
face of the patella is indistinctly divided into seven 
facets—proximal, middle, and distal horizontal 
pairs, and a medial perpendicular facet (Fig. 5-73). 
When the knee ts forcibly flexed, the medial perpen- 
dicular facet is in contact with the crescenteric semi- 
lunar area on the lateral part of the medial condyle of 
the femur. As the leg is carried from the flexed to the 
extended position, first the proximal pair, then the 
middle pair, and last the distal pair of horizontal fac- 
ets is successively brought into contact with the 
patellar surface of the femur. In the fully extended 
position, when the quadriceps femoris ts relaxed, the 
patella lies loosely covering the anterior aspect of 
the distal surface of the femur, extending slightly 
distal to'the tibial rim. 

Role of Ligaments During Movement. During 
flexion, the patellar ligament is stretched, and in 
extreme flexion much of the posterior cruciate and 
the oblique popliteal ligaments are tense, but the 
two collateral ligaments and the major part of the 
anterior cruciate ligament are relaxed. Flexion is 
checked by the contact of the soft structures of the 
calf with the thigh. In full extension of the knee 
joint, the oblique popliteal and collateral ligaments, 
the anterior cruciate ligament, and most of the pos- 
terior cruciate ligament, are rendered tense. In the 
act of extending the leg, the patellar ligament ts 
tightened by the quadriceps femoris, but tn full ex- 
tension with the heel supported, the patellar liga- 
ment is relaxed and the patella can be easily moved. 

When the leg is partially flexed, all ligaments with 
the exception of the anterior part of the tibial collat- 
eral ligament are somewhat more relaxed than tn full 
extension. In this situation, up to 50° of voluntary 
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Fig. 5-73. Posterior surface of the right patella, show- 
ing its different areas of contact with the femur in vary- 
ing positions of the knee joint. 


rotation (adjunct rotation) of the leg at the knee can 
occur. Thus, medial rotation of the tibia tends to 
twist the cruciate ligaments, making them taut, and 
thereby checking the movement. Lateral rotation is 
checked by the collateral ligaments. 

The main function of the cruciate ligaments is to 
act as a direct bond between the tibia and femur and 
to prevent the tibial plateau from being carried too 
far backward or forward during movements of the 
leg at the knee joint. The anterior cruciate ligament 
prevents forward gliding of the tibia on the femur, 
while the posterior cruciate ligament prevents back- 
ward gliding of the tibia. The cruciate ligaments also 
assist the collateral ligaments in resisting any bend- 
ing of the joint to the sides. The menisci adapt the 
surface of the tibial plateau to the shape of the femo- 
ral condyles, but their role during movement at the 
knee joint is limited to rotation and not to flexion or 
extension. They also appear to spread synovial fluid, 
thereby assisting in lubrication of the knee joint. The 
patella affords important protection to the front of 
the knee joint, and distributes the pressure during 
kneeling which would otherwise fall upon the promi- 
nent ridges of the femoral condyles. It also affords 
leverage to the quadriceps femoris muscle, and 
strength to its tendinous attachment. 

Role of Muscles During Movement. Muscles 
are an indispensable factor in maintaining the stabil- 
ity of the knee joint. Their role in movements at the 
joint will simply be summarized at this point. Exten- 
sion of the leg on the thigh is performed principally 
by the quadriceps femoris. Flexion of the leg at the 
knee joint results from action of the biceps femoris, 
semitendinosus, and semimembranosus, assisted by 
the gracilis, sartorius, gastrocnemius, popliteus, and 
plantaris. Lateral rotation of the free non-weight- 
bearing leg is effected by the biceps femoris, and its 
medial rotation by the popliteus, semitendinosus, 
and, to a slight extent, the semimembranosus, the 
sartorius, and the gracilis. 

The popliteus muscle comes into action at the 
commencement of the movement of flexion of the 
knee. By its contraction the leg is rotated medialward, 
or, if the tibia is fixed, the thigh is rotated lateralward, 
and the knee joint is unlocked. 

Clinical Interest. The articular structures of the 
knee joint are not contoured in a manner that would 
lend stability to the joint. This poor adaptation of the 


bony surfaces of the joint is helped considerably by 
the strength of the ligaments and overlying muscles 
which do, in fact, allow the joint considerable 
strength and weight-bearing durability. However, 
their inextensible nature and their tautness fre- 
quently result in tearing injuries of the ligaments and 
the menisci when excessive strains are accidentally 
sustained. The most common athletic injury of the 
knee involves a tear of the tibial collateral ligament 
and/or the medial meniscus, to which this ligament 
is securely attached. This occurs when the foot of 
the victim is firmly planted on the ground and the 
knee is semiflexed. An impact, especially from be- 
hind, could cause a shift in the weight of the body to 
medially rotate the femur severely. The leg, which is 
forced into abduction, shears the tibial collateral lig- 
ament or tears the medial meniscus, or both. 


TIBIOFIBULAR JOINTS 


The tibia and fibula are connected at their 
proximal extremities by means of a synovial 
joint, and at their distal extremities by a fi- 
brous joint. Additionally an interosseous 
membrane joins the shafts of the two bones. 

SUPERIOR TIBIOFIBULAR JOINT. This articu- 
lation is a plane or gliding joint between the 
lateral condyle of the tibia and the head of 
the fibula. The contiguous surfaces of the 
bones present flat, oval facets covered with 
cartilage and connected together by an artic- 
ular capsule, which is lined by a synovial 
membrane and strengthened by the anterior 
and posterior ligaments of the head of the 
fibula. 

Ligaments. The articular capsule sur- 
rounds the joint and is attached around the 
margins of the articular facets on the tibia 
and fibula. It is much thicker anteriorly than 
posteriorly. The capsule is lined by a syno- 
vial membrane, the cavity of which is closed 
off completely from the knee joint anteri- 
orly. In some instances the synovial cavity 
may communicate with that of the knee joint 
posterolaterally by means of the popliteal 
bursa deep to the tendon of the popliteus 
muscle. 

The anterior ligament of the head of the 
fibula (Fig. 5-63) consists of two or three 
broad, flat bands which pass obliquely up- 
ward from the front of the head of the fibula 
to the anterior part of the lateral condyle of 
the tibia. 

The posterior ligament of the head of the 
fibula (Fig. 5-66) is a single thick, broad band 
which passes obliquely upward from the 
back of the head of the fibula to the posterior 


part of the lateral condyle of the tibia. It is 
covered by the tendon of the popliteus 
muscle, 

CRURAL INTEROSSEOUS MEMBRANE. An in- 
terosseous membrane extends between the 
interosseous crests of the tibia and fibula, 
thereby separating the muscles on the ante- 
rior from those on the posterior aspect of the 
leg. The membrane is a thin but strong lam- 
ina composed of oblique fibers, which for 
the most part course downward and later- 
ally, but a few fibers pass in the opposite di- 
rection. Proximally, its margin does not 
quite reach the superior tibiofibular joint, 
but presents a free concave border, above 
which is a large, oval aperture for the pas- 
sage of the anterior tibial artery and vein 
which supply and drain the front of the leg. 
Distally, there is another oval opening in the 
membrane for passage of the perforating 
anterior peroneal vessels. The membrane is 
continuous inferiorly with the interosseous 
ligament of the inferior tibiofibular joint and 
presents numerous perforations for the pas- 
sage of small vessels. It is related anteriorly 
to the tibialis anterior, extensor digitorum 
longus, extensor hallucis longus, and pero- 
neus tertius muscles, and the anterior tibial 
vessels and deep peroneal nerve. Posteriorly, 
it lies adjacent to the tibialis posterior and 
flexor hallucis longus muscles. 

INFERIOR TIBIOFIBULAR JOINT (Fig. 5-74). 
This articulation is formed by a rough, tri- 
angular, convex surface on the medial side 
of the distal end of the fibula, and the rough 
concave fibular notch on the lateral side of 
the distal tibia. For the most part this is a 
fibrous joint of the syndesmosis type with its 
surfaces interconnected by an interosseous 
ligament. The bony surfaces of the distal 
one-half centimeter of the joint, however, 
are smooth, covered with cartilage, and 
lined by a synovial membrane that is contin- 
uous with that of the ankle joint. 

Ligaments. The ligaments of this joint 
are: 


Anterior tibiofibular 
Posterior tibiofibular 
Inferior transverse 
Interosseous 


The anterior tibiofibular ligament (Figs. 
5-74; 5-76) is a flat band of fibers, broader 
below than above, which extends obliquely 
downward and laterally between the adja- 
cent margins of the tibia and fibula on the 
anterior aspect of the joint. Anterior to the 
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ligament is found the peroneus tertius mus- 
cle, the aponeurosis of the leg, and the integ- 
ument. Posteriorly, it lies in contact with the 
interosseous ligament and the cartilage cov- 
ering the talus. 

The posterior tibiofibular ligament (Figs. 
5-74; 5-77) is somewhat smaller than the an- 
terior ligament, but disposed in a similar 
manner across the posterior surface of the 
joint. Inferiorly, it is continuous with the 
more deeply (i.e., anteriorly) placed inferior 
transverse ligament. 

The inferior transverse ligament (Fig. 5-77) 
lies in front of and below the posterior tibio- 
fibular ligament. It is a strong, thick band of 
yellowish fibers that passes transversely 
across the posterior aspect of the joint, from 
the medial surface of the lateral malleolus of 
the fibula to the posterior border of the artic- 
ular surface of the tibia, almost as far as its 
malleolar process. This ligament, containing 
yellow elastic fibers, projects below the mar- 
gin of the bones, and forms part of the artic- 
ulating surface for the talus. 

The interosseous ligament (Fig. 5-78) con- 
sists of numerous short, strong, fibrous 
bands which pass between the contiguous 
rough surfaces of the tibia and fibula, and 
constitute the chief bond of union between 
the bones. It is continuous proximally with 
the crural interosseous membrane. 


TALOCRURAL OR ANKLE JOINT 


The ankle joint (Figs. 4-74 to 4-78) is prin- 
cipally uniaxial and classified as a ginglymus, 
or hinge joint. The structures entering into 
its formation above are the lower end of 
the tibia and its malleolus, the malleolus of 
the fibula, and the inferior transverse liga- 
ment, which together form a deep cavity for 
the reception of the proximal convex sur- 
face of the talus and its medial and lateral 
facets. 

Ligaments. The bones are connected by 
the following ligaments: 


Articular capsule 
Deltoid 

Anterior talofibular 
Posterior talofibular 
Calcaneofibular 


The articular capsule surrounds the joint 
and is attached above to the borders of the 
articular surfaces of the tibia and malleol1, 
and below to the talus around its articular 
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Fig. 5-74. The inferior tibiofibular joint and the lateral aspect of the ankle joint of the right lower limb. 


surface. The anterior part of the capsule is a 
broad, thin, membranous layer which 
stretches from the anterior margin of the dis- 
tal end of the tibia to the rough dorsal sur- 
face of the neck of the talus, somewhat in 
front of its superior articular surface. Lying 
in front of the anterior part of the capsule 
are the extensor tendons of the toes, the ten- 
dons of the tibialis anterior and peroneus 
tertius, and the anterior tibial vessels and 
deep peroneal nerve. The posterior part of 
the capsule is thin, and consists principally 
of transverse fibers. It is attached above to 
the margin of the articular surface of the 
tibia, blending with the transverse ligament, 
and extends below to the talus. It is some- 
what thickened laterally, and attaches near 
the lateral malleolar fossa of the fibula. The 
inner aspect of the capsule is lined by a sy- 
novial membrane that invests the deep 
surfaces of the ligaments, and sends a small 
process proximally between the distal ends 
of the tibia and fibula. 

The deltoid (or medial) ligament (Figs. 
9-75; 5-77) is a strong, flat, triangular band, 
attached above to the apex and anterior and 
posterior borders of the medial malleolus. It 
consists of two sets of fibers, superficial and 
deep. Of the superficial fibers the most ante- 
rior (tibionavicular part) pass forward to be 
inserted into the tuberosity of the navicular 


bone, and immediately behind this they 
blend with the medial margin of the plantar 
calcaneonavicular ligament. The middle fi- 
bers (tibiocalcaneal part) descend almost 
perpendicularly to be inserted into the 
whole length of the sustentaculum tali of the 
calcaneus. The posterior fibers (posterior 
tibiotalar part) pass backward and laterally 
to be attached to the inner side of the fale 
and to the prominent tubercle on its poste- 
rior surface, medial to the groove for the ten- 
don of the flexor hallucis longus. The deep 
fibers (anterior tibiotalar part) are attached 
above to the tip of the medial malleolus, and 
below to the medial surface of the talus. 
Crossing the surface of the deltoid ligament 
are the tendons of the tibialis posterior and 
the flexor digitorum longus muscles. 

The lateral aspect of the ankle Joint is re- 
inforced by three quite distinct ligamentous 
bands, the anterior and posterior talofibular 
ligaments and the calcaneofibular ligament. 
Some descriptions consider these as three 
fascicles of a single lateral ligament of the 
ankle joint. 

The anterior talofibular ligament (Figs. 
5-74; 5-76), the shortest of the three, passes 
forward and medially from the anterior mar- 
gin of the fibular malleolus to the talus. 
where it attaches in front of its lateral articu- 
lar facet and laterally on its neck. 
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Fic. 5-75. The ligaments of the right ankle and tarsus. Medial aspect. 
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Fic. 5-76. The ligaments of the right ankle and tarsus. Lateral aspcct. 
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The posterior talofibular ligament (Figs. 
5-74; 5-76; 5-77) is the strongest and most 
deeply seated of the ligaments on the lateral 
aspect of the ankle joint. It courses almost 
horizontally from the posterior part of the 
lateral malleolar fossa of the fibula to a 
prominent tubercle on the posterior surface 
of the talus immediately lateral to the groove 
for the tendon of the flexor hallucis longus. 

The calcaneofibular ligament (Figs. 5-74; 
3-76) is the longest of the three lateral liga- 
ments and extends as a narrow, rounded 
cord from the apex of the fibular malleolus, 
downward and slightly backward, to a tu- 
bercle on the lateral surface of the calca- 
neus. It is covered by the tendons of the per- 
oneus longus and brevis muscles. 


Relations. Located anterior to the ankle joint 
from medial to lateral are the tibialis anterior, exten- 
sor hallucis longus, anterior tibial vessels, deep 
peroneal nerve, extensor digitorum longus, and per- 
oneus tertius. Over the posterior aspect of the joint 
from medial to lateral are found the tibialis posterior, 
flexor digitorum longus, posterior tibial vessels, tib- 
lal nerve, flexus hallucis longus, and, in the groove 
behind the fibular malleolus, the tendons of the per- 
oneus longus and brevis. 
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Arteries and Nerves. The arteries supplying the 
joint are derived from the malleolar branches of the 
anterior tibial and the peroneal. The nerves come 
from the deep peroneal and tibial. 

Movements. When the body is in the erect posi- 
tion, the foot is at a right angle to the leg. The move- 
ments of the ankle joint are those of dorsiflexion and 
plantar flexion. 

Dorsiflexion results from an approximation of the 
foot to the front of the leg, whereas during plantar 
flexion the heel is raised and the toes pointed down- 
ward. The range of plantar flexion is about 55°: that 
of dorsiflexion is about 35°; however, considerable 
variation occurs among different individuals. These 
movements take place around a transverse axis, 
which is slightly oblique and extends between the 
apex of the lateral malleolus to a point just distal to 
the medial malleolus. The malleoli tightly embrace 
the talus in all positions of the joint, so that any 
slight degree of side-to-side movement can occur 
only if the ligaments of the inferior tibiofibular joint 
are stretched and the fibula is bent. The superior 
articular surface of the talus is broader in front than 
behind. In dorsiflexion, therefore, greater space is 
required between the two malleoli. This is obtained 
by a slight lateral rotation of the lower end of the 
fibula, which is accomplished by a stretching of the 
ligaments of the inferior tibiofibular joint, thereby 
allowing a slight gliding at the tibiofibular articula- 
tion. 
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Fic. 5-77. The left ankle joint. Posterior aspect. 


The deltoid ligament is of great strength, so much 
so that it usually resists a force powerful enough to 
fracture the process of bone to which it is attached. 
Its middle portion, together with the calcaneofibular 
ligament, binds the bones of the leg firmly to the 
foot, resisting displacement in every direction. Its 
anterior and posterior fibers assist in limiting plantar 
flexion and dorsiflexion. The posterior talofibular lig- 
ament assists the calcaneofibular in resisting the dis- 
placement of the foot backward, and deepens the 
cavity for the reception of the talus. The anterior ta- 
lofibular is a security against the displacement of the 
foot forward, and helps limit plantar flexion of the 
joint. 

Muscles Producing Movements. Plantar flex- 
ion of the foot is produced principally by the gastro- 
cnemius, soleus, and plantaris, and to a lesser extent 
by the tibialis posterior, flexor digitorum longus, and 
flexor hallucis longus muscles. Dorsiflexion results 
from the action of the tibialis anterior, which is as- 
sisted by the peroneus tertius, extensor digitorum 
longus, and extensor hallucis longus. 

Clinical Interest. A ‘“‘sprained ankle’’ may re- 
sult when the weight of the body is forcibly exerted 
upon the foot as it is inverted or everted. Most 
sprains are of the /nversion type, which results in the 
tearing of ligaments at the lateral aspect of the ankle 
joint. In these instances the calcaneofibular as well 
as the anterior talofibular ligaments most often rup- 
ture, but a portion of the posterior talofibular liga- 
ment may also tear. Eversion sprains may rupture a 
portion of the deltoid ligament, but frequently the 
medial malleolus will fracture under these circum- 
stances because of the great strength of the liga- 
ment. 


INTERTARSAL JOINTS 


The intertarsal joints will be described in 
the following order: 


Subtalar (talocalcaneal) joint 

Talocalcaneonavicular joint 

Calcaneocuboid joint 

Transverse tarsal joint 

Ligaments connecting the calcaneus and 
navicular 

Cuneonavicular joint 

Cuboideonavicular joint 

Intercuneiform joints 

Cuneocuboid joint 


SUBTALAR (TALOCALCANEAL) JOINT. Two 
articulations exist between the calcaneus 
and talus, an anterior and posterior. Because 
the anterior joint forms part of the talo- 
calcaneonavicular joint, it will be described 
with that articulation. 
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The more posterior joint, the subtalar, is 
formed between the concave posterior cal- 
caneal facet on the inferior surface of the 
talus, and the convex posterior facet on the 
superior surface of the calcaneus. It is a glid- 
ing joint, and the two bones are connected 
by an articular capsule and by anterior, pos- 
terior, lateral, medial, and interosseous 
talocalcaneal ligaments (Figs. 5-78; 5-79). 

Ligaments. The articular capsule envel- 
ops the joint, and consists for the most part 
of short fibers that are split into distinct 
slips. Between these there is only a weak fi- 
brous investment. A synovial membrane 
lines the capsule of the joint, and the joint 
cavity is distinct from all others in the foot 
because it has no intercommunicating chan- 
nels. 

The anterior talocalcaneal ligament ex- 
tends from the anterior and lateral surface of 
the neck of the talus to the superior surface 
of the calcaneus (Fig. 5-79). It forms the pos- 
terior boundary of the talocalcaneonavicular 
joint and is sometimes described as the ante- 
rior interosseous ligament. 

The posterior talocalcaneal ligament (Fig. 
5-75) connects the lateral tubercle of the 
talus with the proximal and medial part of 
the calcaneus. It is a short band, and its fi- 
bers radiate downward to the calcaneus 
from their narrow attachment to the talus. 

The lateral talocalcaneal ligament (Figs. 
5-74; 5-76; 5-79) is a short, strong fasciculus, 
passing from the lateral surface of the talus 
immediately beneath its fibular facet to the 
lateral surface of the calcaneus. Its fibers 
course in the same direction as those of the 
calcaneofibular ligament, but it is placed on 
a deeper plane than that ligament. 

The medial talocalcaneal ligament (Figs. 
5-75; 5-80) connects the medial tubercle on 
the back of the talus with the sustentaculum 
tali. Its fibers blend with those of the plantar 
calcaneonavicular ligament. 

The cervical ligament (Fig. 5-76) occupies 
the sinus tarsi, a small concavity on the an- 
terolateral aspect of the foot between the 
talus and the calcaneus. The ligament is a 
strong band of fibers attached above to the 
inferolateral aspect of the neck of the talus 
and below to the upper surface of the calca- 
neus. The cervical ligament is important 
because it becomes taut during inversion, 
helping to prevent the foot from an exces- 
sive degree of that movement (Jones, 1944). 

The interosseous talocalcaneal ligament 
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Fic. 5-78. Coronal section through right talocrural and talocalcaneal joints showing the interosseous talocalcaneal 
ligament and the relationship of structures coursing beneath the malleoli. 
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Fig. 5-79, ‘Yalocalcaneal and talocalcaneonavicular articulations exposed from above by removing the talus. 
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Fic. 5-80. The subtalar and talocalcaneonavicular joints of the right foot viewed from above. The talus has been 
removed from the joint cavity and rotated medially to expose its inferior articular surfaces. Inversion and eversion of 


the foot occurs around the indicated axis. 


(Figs. 5-74; 5-78; 5-79; 5-82) forms the chief 
bond of union between the talus and calca- 
neus. It is, in fact, a portion of the united 
capsules of the talocalcaneonavicular and 
the talocalcaneal joints, and consists of two 
partially united layers of fibers, one belong- 
ing to the former and the other to the latter 
joint. It is attached to the groove between the 
articular facets on the distal surface of the 
talus, and to a corresponding depression on 
the proximal surface of the calcaneus. It is 
thick and strong, being at least 2.46cm in 
breadth from side to side, and serves to bind 
the calcaneus and talus firmly together. 
TALOCALCANEONAVICULAR JOINT. ‘This ar- 
ticulation is a compound, multiaxial, syno- 
vial joint of the spheroid type. The rounded 
head of the talus is received into a concavity 
or socket (Fig. 5-79) formed by two bones, 
the posterior surface of the navicular, the 
anterior articular surface of the calcaneus, 
and two ligaments, the plantar calcaneona- 
vicular (spring) ligament medially, and the 
calcaneonavicular part of the bifurcated lig- 
ament laterally. These bony and ligamen- 
tous structures are all surrounded by an ar- 
ticular capsule. Dorsally, the joint is 
reinforced by the dorsal talonavicular liga- 
ment. At this point only the articular capsule 
and (dorsal) talonavicular ligament will be 


described. 


Ligaments. ‘The articular capsule is im- 
perfectly developed on the plantar aspect of 
the joint because of the ligamentous and 
bony socket. However, posteriorly it is con- 
siderably thickened and forms the anterior 
component of the strong interosseous talo- 
calcaneal ligament which fills the sinus tarsi, 
formed by the opposing grooves on the cal- 
caneus and talus. A synovial membrane 
lines the inner aspect of the capsule of this 
joint. 

The (dorsal) talonavicular ligament (Figs. 
5-75; 5-76) is a broad, thin band that connects 
the neck of the talus to the dorsal surface of 
the navicular bone. Medially, it blends with 
the ligament of the deltoid, and it is covered 
by the extensor tendons. 

The plantar calcaneonavicular ligament 
and the calcaneonavicular part of the bifur- 
cated ligament form the plantar and lateral 
ligaments of this joint. 


Movements. The subtalar (talocalcaneal) and 
talocalcaneonavicular joints permit a considerable 
range of gliding and rotation. The movements at 
these joints (not to be confused with those at the 
ankle joint) result in inversion or eversion of the 
plantar surface of the foot. 

Inversion of the foot is a movement in which the 
medial border of the foot is raised and the lateral 
border lowered, so that the sole of the foot is turned 
medially. In eversion the lateral border is raised and 
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the medial border is lowered, and as a result the sole 
of the foot is turned laterally. The greatest range of 
inversion and eversion occurs at the subtalar joint, 
and usually inversion is combined with some degree 
of plantar flexion and adduction, whereas eversion Is 
frequently associated with dorsiflexion and abduc- 
tion. These movements can be performed either 
with the foot off the ground or with the weight of the 
body transmitted to the foot, as in walking along a 
surface that is sloped sideways or in turning quickly, 
which requires a leaning of the legs to the side while 
the sole of the foot is flat on the ground. The axis 
around which inversion and eversion occur Is an 
oblique line approximately between the centers of 
the subtalar and talocalcaneonavicular joints. The 
axis passes from the dorsomedial side of the foot, 
olantarward, backward, and laterally to emerge on 
the lateral aspect of the heel (Fig. 5-80). 

Muscles Producing Movements. Inversion is 
produced by the tibialis anterior and tibialis posterior 
muscles, assisted by the extensor and flexor hallucis 
longus muscles. Eversion results from the action of 
the peroneus longus and brevis muscles. 


CALCANEOCUBOID JOINT. This joint resem- 
bles a saddle joint, but does not have the 
usual freedom of movement of such a joint. 
{ts articular surfaces are reciprocally con- 
cavoconvex, with the distal (anterior) sur- 
face of the calcaneus forming the concave 
saddle that receives the convex proximal 
(posterior) border of the cuboid (Fig. 5-82). 
Five ligaments connect the calcaneus with 
the cuboid: the articular capsule, the dorsal 
calcaneocuboid, the calcaneocuboid portion 
of the bifurcated ligament, the long plantar, 
and the plantar calcaneocuboid. 

Ligaments. ‘The articular capsule of the 
calcaneocuboid joint completely surrounds 
the joint, but it is an imperfectly developed 
investment, containing certain strengthened 
bands which form the other ligaments of the 
joint. 

The dorsal calcaneocuboid ligament is a 
thin but broad fasciculus which passes be- 
tween the contiguous surfaces of the calca- 
neus and cuboid on the dorsal surface of the 
joint (Figs. 5-76; 5-80). 

The bifurcated ligament (Figs. 5-76; 5-79; 
5-80) is a strong band, attached behind to the 
upper anterior surface of the calcaneous. 
The ligament courses anteriorly, and divides 
into two parts: calcaneocuboid and calcane- 
onavicular. The calcaneocuboid part is fixed 
to the dorsomedial aspect of the cuboid and 
forms one of the principal bonds between 
the first and second rows of the tarsal bones. 
The calcaneonavicular part is attached to 
the dorsolateral surface of the navicular. 


The long plantar ligament (Figs. 5-75; 5-76; 
5-81) is the longest of all the ligaments of the 
tarsus. It is attached posteriorly to the plan- 
tar surface of the calcaneus in front of the 
calcaneal tuberosity. Anteriorly, its deep fi- 
bers stretch to the tuberosity on the plantar 
surface of the cuboid bone, while its more 
superficial fibers are continued distally to 
the bases of the second, third, fourth, and 
fifth metatarsal bones. These anteriorly ex- 
tending fibers of the long plantar ligament 
convert the groove on the plantar surface of 
the cuboid into a canal for the tendon of the 
peroneus longus muscle. By extending 
nearly the entire length of the plantar sur- 
face of the lateral longitudinal arch, the 
strong, long plantar ligament reinforces that 
arch, and helps prevent its flattening. 

The plantar calcaneocuboid ligament (Fig. 
5-81) is sometimes called the short plantar 
ligament. It lies nearer the bones, or deep to 
the long plantar ligament, from which it is 
separated by a little areolar tissue. It is a 
short but wide band of great strength which 
extends from the plantar aspect of the ante- 
rior tubercle of the calcaneus and the de- 
pression in front of it to the plantar surface 
of the cuboid bone, behind the peroneal 
groove. 


Movements. The movements permitted at the 
calcaneocuboid joint are principally of a gliding and 
rotational nature, and they accommodate the move- 
ments in the subtalar and talocalcaneonavicular 
joints during inversion and eversion of the foot. 


TRANSVERSE TARSAL JOINT. The transverse 
tarsal joint is a collective term used for the 
combined calcaneocuboid and talonavicular 
part of the talocalcaneonavicular joints, be- 
cause together their joint cavities extend in 
an irregular transverse plane across the foot. 
Although the two joint cavities do not com- 
municate, a slight degree of dorsiflexion and 
plantar flexion of the anterior part of the 
foot is permitted along this transverse tarsal 
plane. At the same time, the sole of the foot 
is slightly inverted or everted. The bones 
anterior to the transverse tarsal joint are the 
cuboid and navicular, while those behind it 
are the calcaneus and talus. 

LIGAMENTS CONNECTING THE CALCANEUS AND 
NavICULAR. Although the calcaneus and 
navicular do not articulate directly, they are 
connected by two ligaments: the calcaneona- 
vicular part of the bifurcated, and the plan- 
tar calcaneonavicular. 
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Fic. 5-81. 
anterior muscles. 


The calcaneonavicular part of the bifur- 
cated ligament, already described, attaches 
the anterior part of the calcaneus to the adja- 
cent lateral surface of the navicular bone. 

The plantar calcaneonavicular ligament 
(Figs. 5-75; 5-81), commonly called the spring 
ligament, is a broad and thick band of fibers 
that connects the anterior margin of the sus- 
tentaculum tali of the calcaneus to the plan- 
tar surface of the navicular. This ligament 
not only serves to connect the calcaneus and 
navicular, but supports the head of the talus, 
forming part of the articular socket into 
which it is received. The dorsal surface of 
the ligament presents a fibrocartilaginous 
facet, lined by synovial membrane, upon 
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which a portion of the head of the talus rests. 
Its plantar surface is supported by the ten- 
don of the tibialis posterior medially, and 
the tendons of the flexor hallucis longus and 
flexor digitorum longus laterally. These ten- 
dons augment the supporting function of the 
ligament. Its medial border is blended with 
the anterior part of the deltoid ligament of 
the ankle joint. 


Clinical Interest. The plantar calcaneonavicular 
ligament, by supporting the head of the talus, is 
principally concerned in maintaining the medial lon- 
gitudinal arch of the foot. When it yields, the head of 
the talus is pressed medially and distally by the 
weight of the body, and the foot becomes pronated, 
everted, and turned lateralward, exhibiting the con- 
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dittlon known as flat-foot. This ligament contains 
considerable numbers of elastic fibers, in order to 
give elasticity to the arch and spring to the foot. 
Hence, it is sometimes called the spring ligament. It 
iS Supported, on its plantar surface, by the tendon of 
the tibialis posterior, which spreads out at its inser- 
tion into a number of fasciculi, to be attached to 
most of the tarsal and metatarsal bones. 


CUNEONAVICULAR JOINT. The convex dis- 
tal (anterior) articular surface of the navicu- 
lar bone is joined to the concave proximal 
(posterior) surfaces of the three cuneiform 
bones (Fig. 5-83). The navicular surface is 
characterized by three facets into which the 
cuneiform bones fit. 

Ligaments. The joint is surrounded by an 
articular capsule within which a continuous 
synovial cavity extends across the joint, as 
well as between the adjacent cuneiform 
bones (Fig. 5-82). The joint cavity also ex- 
tends distally between the lateral cuneiform 
and the cuboid. In addition to the capsule, 
both dorsal and plantar cuneonavicular liga- 
ments interconnect the bones. 











Medial tarsometatarsal 
joint cavity 


The dorsal cuneonavicular ligaments 
(Figs. 5-75; 5-76) are three small bundles, one 
attached to each of the cuneiform bones. 
The bundle connecting the navicular with 
the medial cuneiform is continuous around 
the medial side of the articulation with the 
plantar ligament which unites these two 
bones. 

The plantar cuneonavicular ligaments are 
arranged similarly to the dorsal ligaments. 
They are stronger bands than the dorsal, 
which are reinforced by slips from the ten- 
don of the tibialis posterior (Fig. 5-81). 

CUBOIDEONAVICULAR JOINT. The rounded 
lateral surface of the navicular bone is 
joined to the posterior part of the medial sur- 
face of the cuboid. At times the joint con- 
tains a synovial cavity which is continuous 
with that of the cuneonavicular joint, but 
more often it is a fibrous joint of the syndes- 
mosis type (Fig. 5-82). The two bones are in- 
terconnected by dorsal, plantar, and interos- 
seous ligaments. 

Ligaments. The dorsal cuboideonavicular 
ligament (Fig. 5-76) extends obliquely for- 
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FiG 5-82. Oblique section of left intertarsal and tarsometatarsal articulations, showing the synovial cavities. 


ward and laterally from the navicular to the 
cuboid bone on their dorsal surfaces. 

The plantar cuboideonavicular ligament 
(Fig. 5-81) passes nearly transversely be- 
tween the cuboid and navicular bones on 
their plantar surfaces. 

The cuboideonavicular interosseous liga- 
ment (Fig. 5-82) consists of strong transverse 
fibers interconnecting the rough nonarticu- 
lar portions of the adjacent lateral surface of 
the cuboid and medial surface of the navicu- 
lar bones. 

INTERCUNEIFORM JOINTS. The three cunei- 
form bones are united by two synovial inter- 
cuneiform joints (Fig. 5-82). Each of the two 
joints interconnects adjacent surfaces of the 
bones, the intermediate cuneiform being 
placed between the medial and lateral cune- 
iform bones. Their synovial cavities are con- 
tinuous with that of the cuneonavicular 
joint. The joints are connected by dorsal, 
plantar, and interosseous ligaments. 

Ligaments. The dorsal intercuneiform 
ligaments, two in number, are weak trans- 
verse bands. One connects the medial with 
the intermediate cuneiform and the other, 
the intermediate with the lateral cuneiform. 

The plantar intercuneiform ligaments are 
arranged on the plantar surface similarly to 
those on the dorsal surface. They are 
stronger than the dorsal ligaments and are 
reinforced by slips from the tendinous inser- 
tion of the tibialis posterior muscle. 

The intercuneiform interosseous liga- 
ments, also two in number, consist of strong 
transverse fibers that pass between the 
rough nonarticular portions of the adjacent 
surfaces of the bones (Fig. 5-82). They are 
strong, deeply placed, fibrous ligaments 
which extend between the bones nearly the 
entire length of their apposed borders. 

CUuNEOCcUBO!ID soInT. This joint connects 
the smooth rounded lateral border of the lat- 
eral cuneiform bone with the adjacent me- 
dial border of the cuboid. Its small synovial 
cavity usually opens posteriorly into the 
cuneonavicular joint (Fig. 5-82). Similar to 
the intercuneiform joints, the cuneocuboid 
joint is interconnected by dorsal, plantar, 
and interosseous ligaments. 

The dorsal cuneocuboid ligament is a rela- 
tively weak transverse band extending from 
the dorsal surface of the lateral cuneiform to 
the cuboid. 

The plantar cuneocuboid ligament is con- 
siderably stronger than the dorsal and ex- 
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tends transversely between the lateral cunei- 
form and the cuboid bones on their plantar 
surfaces. A slip from the tendon of the 
tibialis posterior muscle may strengthen the 
ligament. 

The interosseous cuneocuboid ligament is 
the strongest bond between the two bones. 
Its transverse fibers are deeply placed be- 
tween the apposed borders of the bones in a 
manner similar to those of the intercuneiform 
ligaments (Fig. 5-82). 


Movements. The cuneonavicular, cuboideona- 
vicular, intercuneiform, and cuneocuboid joints per- 
mit slight gliding and rotational movements. These 
assist the more proximal intertarsal joints during in- 
version and eversion of the foot, and assist the bare 
foot especially to achieve a firmer grasp when neces- 
sary. The synovial cavities of all these joints are usu- 
ally intercommunicating, and their ligaments help in 
the maintenance of the transverse arch of the foot. 


TARSOMETATARSAL JOINTS 


These are gliding joints. The bones enter- 
ing into their formation are the medial, inter- 
mediate, and lateral cuneiforms, and the 
cuboid, which articulate with the bases of 
the five metatarsal bones. The first metatar- 
sal bone articulates with the anterior surface 
of the medial cuneiform. The second meta- 
tarsal is wedged between the medial and lat- 
eral cuneiforms. It articulates medially with 
the lateral side of the medial cuneiform, by 
its base with the intermediate cuneiform, 
and laterally with the medial side of the lat- 
eral cuneiform. The third metatarsal artic- 
ulates with the lateral cuneiform bone. 
The fourth metatarsal articulates with the cu- 
boid and lateral cuneiform bone. The fifth 
metatarsal articulates only with the cuboid 
(Fig. 5-83). 

Although five metatarsal bones articulate 
with four tarsal bones (the cuboid and the 
three cuneiforms), only three joint cavities 
are formed (Fig. 5-82). Medially, the joint 
between the first metatarsal and the medial 
cuneiform has its own distinct synovial sac. 
This medial tarsometatarsal joint cavity usu- 
ally lies more distal to the others and is sepa- 
rated from them by an interosseous ligament 
which connects the medial cuneiform to the 
second metatarsal (Fig. 5-82). The intermedi- 
ate tarsometatarsal joint cavity is found be- 
tween the intermediate and lateral cunei- 
forms and the second and third metatarsal 
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Fic. 5-83. Adult foot. 1, Tuberosity of navicular bone, partly obscured by the shadow of the head of the talus. ap 
Cuneonavicular joint. 3, Joint between metatarsal III and the lateral cuneiform bone. 4, Joint between metatarsal II and 
the intermediate cuneiform bone. 5, Joint between metatarsal I and the medial cuneiform bone. 


bones. This cavity is continuous proximally 
with those of the intercuneiform joints and 
often with the cavity of the cuneonavicular 
joint. Additionally, two prolongations of the 
cavity extend distally (forward), one be- 
tween the adjacent sides of the second and 
third metatarsal bones and the other be- 
tween the sides of the third and fourth meta- 
tarsals. The lateral tarsometatarsal joint cav- 
ity has a distinct synovial sac between the 
cuboid and the bases of the fourth and fifth 
metatarsal bones. This cavity is also pro- 
longed forward between the fourth and fifth 
metatarsals, but is separated from the inter- 
mediate joint cavity by an interosseous liga- 
ment which connects the lateral cuneiform 
and the base of the fourth metatarsal bone. 
The bones are connected by dorsal and 
plantar tarsometatarsal ligaments and by 
interosseous cuneometatarsal ligaments. 
Ligaments. The dorsal tarsometatarsal 
ligaments are strong, flat bands which pass 
between the adjacent surfaces of the tarsal 
and metatarsal bones on their dorsal aspect 
(Fig. 5-76). The first metatarsal is joined to 
the medial cuneiform by a thin articular 


capsule (Fig. 5-75). To the dorsal surface of 
the second metatarsal are attached three 
bands, one from each cuneiform bone. The 
third metatarsal has one dorsal ligament, 
and this attaches to the lateral cuneiform. 
The fourth receives one from the lateral cu- 
neiform and one from the cuboid: and the 
fifth, one from the cuboid. 

The plantar tarsometatarsal ligaments 
consist of longitudinal and oblique bands 
disposed with less regularity than the dorsal 
ligaments. Those for the first and second 
metatarsals are the strongest (Fig. 5-81). The 
second and third metatarsals are joined by 
oblique bands to the medial cuneiform, 
while the fourth and fifth metatarsals are 
connected by a few fibers to the cuboid. The 
articulation of the medial cuneiform and the 
first metatarsal (tarsometatarsal joint of the 
large toe) is reinforced by the insertion of 
the peroneus longus tendon laterally and 
that of the tibialis anterior medially. Addi- 
tionally, strands from the tendon of the 
tibialis posterior muscle strengthen the plan- 
tar surfaces of the tarsometatarsal joints of 
the second, third, and fourth toes, while the 


long plantar ligament, as well, helps support 
the third and fourth tarsometatarsal joints 
by passing across their plantar aspect. 

The interosseous cuneometatarsal liga- 
ments are three in number. The first is con- 
stant and is the strongest, passing from the 
lateral surface of the medial cuneiform to 
the adjacent angle of the second metatarsal 
(Fig. 5-82). The second, which is the smallest 
and is less constant, passes from the lateral 
cuneiform to the lateral aspect of the second 
metatarsal. The third connects the lateral 
angle of the lateral cuneiform with the adja- 
cent side of the base of the fourth metatarsal. 


Movements. The movements permitted at the 
tarsometatarsal! joints are limited to slight gliding of 
the bones upon each other. These Joints, along with 
the others in the anterior part of the foot, move as a 
unit at the transverse tarsal joint, allowing the 
forepart of the foot a degree of rotatory movement 
which might be called supination and pronation in 
contrast to the inversion and eversion seen at the 
subtalar and talocalcaneonavicular joints. 

Nerve Supply. The intertarsal and tarsometatar- 
sal joints are supplied by the medial and lateral plan- 
tar nerves on their plantar aspect and by the deep 
peroneal nerve on their dorsal aspect. 


INTERMETATARSAL JOINTS 


JOINTS BETWEEN THE BASES OF THE METATAR- 
SAL BONES. Even though the base of the first 
metatarsal bone lies adjacent to the proxi- 
mal part of the shaft of the second metatar- 
sal, there are no ligaments between the 
bones, but a bursa is frequently found at this 
site. In contrast, the bases of the second and 
third, third and fourth, and fourth and fifth 
metatarsals are interconnected by dorsal, 
plantar, and interosseous intermetatarsal lig- 
aments: 

Ligaments. The dorsal intermetatarsal 
ligaments pass transversely between the 
dorsal surfaces of the bases of the adjacent 
four lateral metatarsal bones. 

The plantar intermetatarsal ligaments 
(Fig. 5-81) are strong bands that connect the 
bases of the bones on the plantar surface in a 
pattern similar to the dorsal intermetatarsal 
ligaments. 

The interosseous intermetatarsal liga- 
ments are usually three in number and con- 
sist of strong transverse fibers that connect 
the rough nonarticular portions of the adja- 
cent surfaces of the bases of the lateral four 
metatarsal bones. 
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ARTICULATIONS OF THE VER LIME 


Synovial Membranes (Fig. 5-82). The synovial 
membranes between the bases of the second and 
third and the third and fourth metatarsal bones are 
continuous with that of the intermediate tarsometa- 
tarsal joint cavity. The synovial cavity between the 
fourth and fifth metatarsals is a prolongation of the 
lateral tarsometatarsal joint cavity (Fig. 5-82). 

Movements. The movement permitted between 
the tarsal ends of the metatarsal bones is limited to a 
slight gliding of the articular surfaces upon one an- 
other. This allows for an elevation or a slight widen- 
ing of the transverse arch, adding some flexibility to 
the forepart of the foot. 


UNION OF THE HEADS OF THE METATARSAL 


BONES. The heads of all the metatarsal 
bones are interconnected on their plantar 
aspect by the deep transmetatarsal liga- 
ments. 

Ligaments. ‘The deep transverse metatar- 
sal ligaments are four short, narrow bands 
which course across and interconnect the 
heads of all the metatarsal bones on their 
plantar surfaces. They blend anteriorly with 
the plantar (glenoid) ligaments of the meta- 
tarsophalangeal joints. Along their concave 
plantar surfaces in the middle of each toe 
course the tendons of the long flexors. Be- 
tween the toes, the plantar surfaces of the 
ligaments are in contact with the lumbrical 
muscles and the digital vessels and nerves. 
The dorsal surfaces of the ligaments are in 
relation to the interosseous muscles whose 
tendons course along both sides of the meta- 
tarsophalangeal joints of the four lateral 
toes. The deep transverse metatarsal liga- 
ments differ from the deep transverse meta- 
carpal ligaments in that the first metatarsal is 
connected to the second, whereas in the 
hand, the first metacarpal is not attached by 
means of a deep metacarpal ligament. 


SYNOVIAL CAVITIES OF THE TARSAL AND TARSOMET- 
ATARSAL JOINTS (Fig. 5-82). Six synovial cavities 
are found in the articulations of the tarsus and meta- 
tarsus: one for the subtalar joint; a second for the 
talocalcaneonavicular joint; a third for the calca- 
neocuboid joint; a fourth for the cuneonavicular, 
intercuneiform, and cuneocuboid joints, and the ar- 
ticulations of the intermediate and lateral cuneiforms 
with the bases of the second and third metatarsal 
bones, and the adjacent surfaces of the bases of the 
second, third, and fourth metatarsal bones; a fifth 
for the joint between the medial cuneiform and the 
metatarsal bone of the great toe; and a sixth for the 
articulation of the cuboid with the fourth and fifth 
metatarsal bones. A small synovial cavity is some- 
times found between the contiguous surfaces of the 
navicular and cuboid bones. 
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METATARSOPHALANGEAL JOINTS 


The metatarsophalangeal articulations 
may be considered ellipsoid in type and are 
formed by the reception of the oval rounded 
heads of the metatarsal bones in shallow 
cavities on the bases of the proximal phalan- 
ges. A loose fibrous capsule lined with a sy- 
novial membrane surrounds the metatarso- 
phalangeal joint on each toe. The capsule is 
reinforced by a plantar ligament and two 
collateral ligaments. The dorsal surface of 
the capsule is thin, but it is strengthened by 
expansions from the extensor tendons. 

Ligaments. The plantar ligaments, some- 
times called glenoid ligaments, are thick, 
dense, fibrous structures. They are placed on 
the plantar surfaces of the joints in the inter- 
vals between the collateral ligaments, to 
which they are connected. They are loosely 
united to the metatarsal bones, but firmly 
attached to the bases of the first phalanges. 
Their plantar surfaces are intimately 
blended with the deep transverse metatarsal 
ligaments, and in addition, they are grooved 
for the passage of the flexor tendons, whose 
sheaths are connected to the sides of the 
grooves. The deep surfaces of the plantar lig- 
aments form part of the articular facets for 
the heads of the metatarsal bones, and are 
lined by synovial membrane. Two sesamoid 
bones lie in the plantar ligament of the 
large toe. 

The collateral ligaments are strong fan- 
shaped bands placed on both sides of each 
metatarsophalangeal joint. Each ligament is 
attached by one end to the posterior tubercle 
on the side of the head of the metatarsal 
bone and, by the other, to the contiguous 
extremity of the phalanx. 


Movements. The movements permitted in the 
metatarsophalangeal articulations are flexion, exten- 
sion, abduction, and adduction. Flexion is freer than 
extension and hence has a greater range. Flexion is 
limited by the extensor tendons and their expan- 
sions, whereas extension is limited by the flexor 
tendons and the plantar ligaments. Abduction and 
adduction are referenced to a line passing through 
the second toe. 


INTERPHALANGEAL JOINTS 


The interphalangeal joints of the toes are 
ginglymus or hinge joints. The distal surface 
of the proximal bone at each joint resembles 


a pulley, and the proximal surface of each 
distal bone has a reciprocally curved double 
concavity that fits in the pulley. The phalan- 
ges of the toes are smaller than those in the 
fingers, and frequently the joints between 
the middle and distal phalanges in the more 
lateral toes are ankylosed and nonfunc- 
tional. 

Ligaments. Each joint has an articular 
capsule, a plantar and two collateral liga- 
ments. The arrangement of these ligaments 
is Similar to that in the metatarsophalangeal 
articulations. The extensor tendons and 
their dorsal expansions replace the dorsal 
ligaments. 


Movements. The only movements permitted in 
the joints of the digits are flexion and extension. 
These movements have a greater range between the 
proximal and middle phalanges than between the 
middle and distal. The degree of flexion is quite con- 
siderable, but extension is limited by the flexor ten- 
dons and the plantar ligaments. 


Arches of the Foot 


The bones of the foot, their interconnect- 
ing ligaments, and the musculature are ar- 
ranged in a manner consistent with the im- 
portant functions of support, weight 
distribution, and locomotion of the body. An 
imprint of a wet foot on a floor shows that 
the heel, the lateral margin, the region be- 
neath the heads of the metatarsal bones (the 
ball of the foot), and the pads of the distal 
phalanges touch the floor, whereas the me- 
dial margin of the foot is arched and does 
not touch the floor. The bony substructure of 
this medial longitudinal arch, when visual- 
ized on the articulated skeleton of the foot, is 
seen to consist of the calcaneus, talus, navic- 
ular, the three cuneiform bones, and the as- 
sociated three medial metatarsal bones. The 
concavity of the medial arch is supported on 
two pillars, a posterior or calcaneal pillar, 
and an anterior or metatarsal pillar which 
consists of the heads of the first. second, and 
third metatarsal bones. The flatter lateral 
longitudinal arch, parallel to the medial, is 
composed also of the calcaneus posteriorly, 
the cuboid bone, and the fourth and fifth 
metatarsal bones anteriorly. Its posterior pil- 
lar is the calcaneal tuberosity and its ante- 
rior pillar consists of the heads of the lateral 
two metatarsal bones (Figs. 5-84; 5-85). 
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Fic. 5-84. Bones on the medial aspect of the foot. Observe the concave medial longitudinal arch. 


The stability of the medial longitudinal 
arch is dependent, to a large extent, on the 
functional integrity of the plantar aponeuro- 
sis and its subjacent long plantar and plantar 
calcaneonavicular (or spring) ligaments. 
However, the muscles are also of importance 
in maintaining the medial arch during loco- 
motion. These especially include the tendon 
of the flexor hallucis longus, along with the 
flexor digitorum longus, the tibialis poste- 
rior, and the intrinsic foot muscles. In the 
static standing position, however, electro- 
myographic studies have shown that these 
muscles are relatively inactive. 

The lateral longitudinal arch transmits 
weight to the ground along the lateral aspect 
of the foot, but the height of its arch is lower 
than the medial. Its slighter concavity is sup- 
ported by the lateral part of the long plantar 
ligament along with the plantar calcaneocu- 
boid (short plantar) ligament. Additionally, 
the peroneus longus muscle and the plantar 
muscles on the lateral aspect of the sole of 
the foot help maintain the integrity of the 
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lateral arch. It has been stated that some spe- 
cial difference in function is served by the 
two longitudinal arches. The greater curva- 
ture, resiliency, and elasticity of the medial 
arch is believed to be of more importance in 
sustaining marked and immediate forces, 
such as those received during jumping. The 
more slightly curved lateral arch is less elas- 
tic as well, and is constructed to transmit 
thrust and weight to the ground, in contrast 
to the medial arch which absorbs such 
forces. The lateral arch appears to serve a 
more significant role in walking and run- 
ning. 

In addition to being arched longitudinally, 
the foot is also arched transversely. Actu- 
ally, each foot forms half a transverse dome 
which is completed when the two feet are 
placed side by side. The more proximal 
transverse or metatarsal arch is formed by 
the navicular, the three cuneiforms, the cu- 
boid, and the bases of the five metatarsal 
bones. The maintenance of the transverse 
arch is more importantly due to ligaments 
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Fic. 5-85. Bones on the lateral aspect of the foot. Observe that the concavity of the lateral longitudinal arch is less 
pronounced than that of the medial arch shown in Figure 5-84. 
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and tendons which bind the cuneiforms and 
the bases of the metatarsal bones together, 
than to the construction of the bony parts. 
The tendon of the peroneus longus muscle is 
of particular significance in the integrity of 
the transverse arch, because it stretches 
across the arch and tends to approximate the 
bones. More distally the heads of the meta- 
tarsal bones form a shallow but complete 
transverse arch in each foot. These latter 
arches are maintained by the deep trans- 
verse metatarsal ligaments. 


Clinical Interest. The most common abnormal- 
ity of the foot is a flattening of its plantar surface. In 
flat foot, the weight becomes distributed over the 
entire plantar surface, because the contour of the 
medial longitudinal arch (and consequently also 
the transverse arch) is lost. This depression of the 
medial arch is brought about by stretching the liga- 
mentous connections at the talonavicular and cune- 
Onavicular joints. As these ligaments become incom- 
petent, the head of the talus pushes the soft plantar 
tissues to the ground, thereby flattening the medial 
longitudinal arch. 
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Muscles 
ama 


Fasciae 


Contractility, a fundamental property char- 
acteristic of protoplasm, is especially well 
developed in cells of muscular tissue. Aggre- 
gations of these cells in various parts of the 
body form the muscles. These structures are 
capable of contracting, and muscles are re- 
sponsible not only for voluntary motion, 
such as that of the limbs, but also for the 
contractions of the heart as well as the less 
obvious movements of the viscera. This 
chapter deals with the somatic muscles. Car- 
diac muscle and the visceral muscles of in- 
ternal organs will be discussed in subse- 
quent chapters. 

The ability to move provides organisms 
with a means of reacting to the environment. 
The contractions of somatic muscles are 
made mechanically effective by means of 
the tendons, aponeuroses, and _ fasciae, 
which secure the ends of the muscles and 
control the direction of their pull. Many 
muscles are attached to bones, but others, 
such as the superficial muscles of the face, 
have no connections to the skeleton. Muscles 
of the limbs and trunk underlie the skin and 


fascial layers, giving substance and contour 
to these regions. Muscle tissue accounts for 
approximately 40% of the body weight, and 
the individual muscles vary greatly in size. 
The gastrocnemius forms the bulk of the calf 
of the leg; the sartorius is nearly 61cm in 
length; and the stapedius, a tiny muscle of 
the middle ear, weighs 0.1gm and is 2 to 
3mm in length. 

oomatic muscles have also been called 
voluntary, skeletal, or striated muscles, al- 
though these terms are not always appropri- 
ate. Examples of somatic muscles that are 
not under complete voluntary control are 
found in the pharynx and upper esophagus; 
SOme somatic muscles, such as certain facial 
muscles, are not attached to the skeleton, 
and both visceral and cardiac muscles show 
striations. In general, however, most somatic 
muscles are under voluntary control, are 
attached to skeletal structures, and show 
prominent longitudinal and cross striations. 


Development of Muscles 


Most muscles throughout the body, with 
the exception of a few that are of ectodermal 
origin, arise from mesoderm. The intrinsic 
muscles of the trunk are derived from the 
myotomes, while the muscles of the head 
and limbs differentiate directly from the 
mesoderm. 

MUSCLES DERIVED FROM MYOTOMES. The 
intrinsic muscles of the trunk, which are 
derived directly from the myotomes, are 
conveniently treated in two groups, the deep 
muscles of the back and the thoracoabdomi- 
nal muscles. 

The deep muscles of the back extend from 
the sacral to the occipital region and vary 
much in length and size. They act chiefly on 
the vertebral column. The shorter muscles, 
such as the interspinales, intertransversarii, 
the deeper layers of the multifidus, the ro- 
tatores, levatores costarum, obliquus capitis 
inferior, and obliquus capitis superior, 
which extend between adjoining vertebrae, 
and the rectus capitis posterior minor, which 
extends between the adjoining atlas and 
occipital bone, all retain the primitive seg- 
mental character of the myotomes. Other 
muscles, such as the splenius capitis, sple- 
nius cervicis, sacrospinalis, erector spinae, 
superficial and intermediate layers of the 
multifidus, iliocostalis, longissimus, spinales, 
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semispinales, and rectus capitis posterior 
major, which extend over several vertebrae, 
are formed by the fusion of successive myo- 
tomes and then split into longitudinal col- 
unins. A thick fascial plane, the thoracolum- 
bar fascia, develops between these true 
myotomic muscles and the more superficial 
ones which migrate over the back, such as 
the trapezius, the rhomboids, and the latissi- 
mus dorsi. 

The anterior vertebral muscles—the longus 
colli, longus capitis, rectus capitis anterior, 
and rectus capitis lateralis—are derived from 
the ventral part of the cervical myotomes, as 
are probably also the scalenes. 

The thoracoabdominal muscles arise 
through the ventral extension of the thoracic 
myotomes into the body wall. This process 
takes place coincidentally with the ventral 
extension of the ribs. In the thoracic region 
the primitive myotomic segments persist as 
the intercostal muscles, but over the abdo- 
men these ventral myotomic processes fuse 
into a sheet that splits in various ways to 
form the rectus abdominis, the external and 
internal oblique, and the transversus. Such 
muscles as the pectoralis major and minor 
and the serratus anterior do not belong to the 
aforementioned group. 

VENTROLATERAL MUSCLES OF THE NECK. The 
intrinsic muscles of the tongue, the infra- 
hyoid muscles, and the diaphragm are de- 
rived from a more or less continuous 
premuscle mass, formed by the occipital 
myotomes, which extends on each side from 
the tongue into the lateral region of the 
upper half of the neck. Into this developing 
mesoderm extend the hypoglossal nerves 
and branches of the upper cervical nerves. 
The two halves, which form the infrahyoid 
muscles and the diaphragm, are at first 
widely separated from each other by the 
heart. As the heart descends into the thorax, 
the diaphragmatic portion of each lateral 
muscle mass is carried with its phrenic 
nerve down into the thorax, while the later- 
ally placed infrahyoid muscles move toward 
the midventral line of the neck. 

MUSCLES OF THE SHOULDER GIRDLE AND 
UPPER EXTREMITY. The trapezius and sterno- 
cleidomastoid arise from a common pre- 
muscle mass in the occipital region just cau- 
dal to the last branchial arch. As the mass 
increases in size, it spreads caudally to the 
shoulder girdle to which it later becomes at- 
tached, and dorsally to the spinous proe- 


esses, gaining attachment on these at a still 
later period. The levator scapulae, serratus 
anterior, and the rhomboids arise from pre- 
muscle tissue in the lower cervical region 
and undergo extensive migration. The latis- 
simus dorsi and teres major are associated in 
their origin from the premuscle sheath of the 
arm, as are also the two pectoral muscles, 
when the arm bud lies in the lower cervical 
region. 

The remaining intrinsic muscles of the 
upper extremity develop in situ from meso- 
derm of the arm bud and probably do not 
derive cells or buds from the myotomes. The 
nerves to these muscles enter the arm bud 
when it still lies in the cervical region and, as 
the arm shifts caudally over the thorax, 
these cervical nerves unite to form the 
brachial plexus. 

MUSCLES OF THE LOWER EXTREMITY. The 
muscles of the lower extremity, like those of 
the upper, develop in situ from the meso- 
derm of the leg bud, the myotomes appar- 
ently taking no part in their formation. 

MUSCLES OF THE HEAD. The extraocular 
muscles in the orbit arise from the meso- 
derm over the dorsal and caudal sides of the 
optic stalk. This mesenchyme gives rise to 
what may be called three preotic myotomes, 
each of which is supplied by its own cranial 
nerve (oculomotor, trochlear, and abdu- 
cens). The muscles of mastication arise from 
the mesoderm of the mandibular arch. The 
mandibular division of the trigeminal nerve 
enters this premuscle mass before the tem- 
poral, masseter, and pterygoid muscles split 
to develop as separate structures. The facial 
muscles of expression arise from the meso- 
derm of the hyoid arch. The facial nerve en- 
ters this mass before the individual muscles 
begin to differentiate, and as the muscle 
mass spreads out over the face, head, and 
neck, it splits more or less incompletely into 
the various muscles. 

MUSCLE-NERVE MIGRATION. Initial differ- 
entiation of the muscular system proceeds 
independently of the nervous system and 
only later does it appear that muscles re- 
quire the functional stimuli of the nerves 
for their continued existence and growth. 
Owing to their early attachments to muscle 
rudiments, the nerves in a general way may 
indicate the position of origin of many of the 
muscles, and likewise, in many instances, 
the nerves reveal the paths along which the 
developing muscles have migrated during 


development. The muscle mass that forms 
the diaphragm, for example, has its origin in 
the region of the fourth and fifth cervical 
segments. The phrenic nerve centers this 
developing mesoderm in the cervical region 
and is drawn out as the diaphragm migrates 
through the thorax. Likewise, the trapezius 
and sternocleidomastoid arise in the lateral 
occipital region as a common muscle mass, 
into which the accessory nerve grows at a 
very early period. As the muscle mass mi- 
grates and expands caudally, the nerve is 
carried with it. The pectoralis major and 
minor arise in the cervical region, receive 
their nerves while in this position and, as the 
muscle mass migrates and expands caudally 
over the thorax, the nerves are carried along. 
The latissimus dorsi and serratus anterior 
are excellent examples of migrating muscles 
whose nerve supply indicates their origin in 
the cervical region. The rectus abdominis 
and the other abdominal muscles also mi- 
erate or shift from a lateral to a ventrolateral 
or abdominal position, carrying with them 
the nerves. 

The facial nerve, which at an early stage 
enters the common facial muscle mass of the 
second branchial or hyoid arch, migrates 
with the differentiating muscle as it spreads 
over the head, face, and neck. As the muscle 
mass splits into the various muscles of facial 
expression, the nerve is correspondingly 
split. Similarly, the mandibular division of 
the trigeminal nerve enters the muscle mass 
of the mandibular arch, and as this mass 
splits and migrates to form the muscles of 
mastication, the nerve splits into its various 
branches. The muscles supplied by the ocu- 
lomotor nerve arise from a single mass in the 
orbital region, and the lingual muscles arise 
from a common mass supplied by the hypo- 
glossal nerve. These examples show that the 
nerve supply may serve as a key to under- 
standing the common origin of certain mus- 
cle groups. 


Fasciae 


A number of noncontractile connective 
tissue elements are required to organize the 
contractile muscle fibers into effective me- 
chanical structures. Large numbers of indi- 
vidual muscle fibers are bound together into 
fascicles by collagenous connective tissue 
septa, collectively called the perimysium. 


FASCIA! A 


Surrounding all the fascicles of a muscle is a 
thicker connective tissue layer, the epimys- 
ium. The ends of the muscle are attached to 
bones by tendons and aponeuroses, and in- 
dividual muscles and groups of muscles are 
held in place and separated by connective 
tissue sheets called fasciae. The term fascia 
is used for the dissectible, fibrous connective 
tissues of the body other than specifically 
organized structures such as tendons, apo- 
neuroses, and ligaments. In a more restricted 
sense, the term fascia also is used to indicate 
local connective tissue membranes that en- 
close a part of the body or invest organs. It 
should be appreciated that the fasciae are 
part of the general connective tissues which 
form a functional as well as morphological 
system in which the connective tissue varies 
in thickness, in density, in accumulation of 
fat, and in relative amounts of collagenous 
fibers, elastic fibers, and tissue fluids. 
Three general types of fasciae are usually 
described: the superficial fascia, the deep 
fascia, and the subserous fascia. The super- 
ficial fascia is a loose, fat-filled layer which 
intervenes between the skin and the deep 
fascia. It is variable in thickness. The deep 
fascia is the principal somatic fascia which 
invests and penetrates between the various 
structures that form the body wall and the 
limbs. It is the most extensive of the three 
types, and occupies much of the dissector’s 
time in the separation of anatomical struc- 
tures. The subserous fascia lies within the 
body cavities, forming the fibrous layer of 
the serous membranes (pleura, pericardium, 
and peritoneum), which covers and supports 
the viscera and attaches the parietal layer of 
the serous membranes to the deep fascia of 
the internal surface of the body wall. 
SUPERFICIAL FASCIA. The superficial fascia 
is continuous over the entire body between 
the skin and the deep fascial investment of 
the specialized structures of the body, such 
as muscles. It is composed of two layers. The 
outer one, sometimes called panniculus 
adiposus, normally contains an accumula- 
tion of fat that may be several centimeters 
thick or, in emaciated individuals, may be 
almost entirely lacking. Although the 
amount of fat and its distribution in the su- 
perficial fascia varies between individuals, 
generally it is somewhat more abundant in 
females. In certain regions of the body, such 
as the external nose, the auricle of the ear, 
the eyelids, the labia minora, the penis, and 
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the scrotum, the superficial fascia contains 
virtually no fat. The inner layer is a thin 
membrane that ordinarily has no fat, but 
contains a generous amount of elastic tissue. 
The two layers are quite adherent in most 
regions, but are separable by careful dissec- 
tion, particularly in the lower anterior ab- 
dominal wall. Between the two layers fre- 
quently course the superficial arteries, veins, 
nerves, and lymphatics. The mammary 
glands, most of the facial muscles, the pla- 
tysma muscle, as well as the dartos muscle 
of the scrotum, are all found in the superfi- 
cial fascia. The superficial fascia acts as an 
insulator for the body and helps to prevent 
the loss of body heat. 

In many parts of the body the superficial 
fascia glides freely over the deep fascia, pro- 
ducing the characteristic movability of the 
skin in a region such as the back of the hand. 
At these sites the superficial and deep fas- 
ciae can be dissected apart easily by a prob- 
ing finger or blunt instrument, as they are 
separated by a fascial cleft. At certain other 
points on the body surface, especially over 
bony prominences, the two fasciae are 
closely adherent. They retain their individu- 
ality even at these sites, however, and are 
not continuous. 

DEEP FASCIA. Deep to the superficial fas- 
cia is a dense stratum of fibrous tissue which 
immediately covers the muscles and _ is 
called the deep fascia. It consists of a rather 
intricate series of sheets and bands which 
hold the individual muscles and other struc- 
tures in their proper relative positions, sepa- 
rating them for independent function as well 
as joining them together into an integrated 
whole. The intrinsic connective tissue of the 
capsules or stroma of these structures is not 
included in the definition of deep fascia. In 
the case of a muscle, the epimysium may be 
fused with the overlying deep fascia and 
even lose its identity, as in the triceps, or the 
epimysium may be separated from the deep 
fascia by a cleft and retain its individuality, 
as in the biceps brachii. 

The sheets of deep fascia are organized 
into a continuous system and frequently at- 
tach to the periosteum of bones or the 
perichondrium of cartilage. The ligaments 
also may assist in establishing this continu- 
ity. On occasion a sheet of deep fascia may 
split in order to surround or invest muscles, 
only to unite again into a single sheet be- 
yond the muscles. Splitting and fusing are 
important because in this manner any sheet 


of fascia can be traced to other sheets and 
can be shown to make eventual attachment 
to the skeleton. 

The mechanical function of fascia is par- 
ticularly well developed in the deep fascia 
and is responsible for its many regional vari- 
ations and specializations. A fascial sheet 
may be thickened, either for strength or pad- 
ding. It may be fused with another sheet or 
split into several layers. It may be separated 
from another fascial sheet by a plane of 
cleavage, or several sheets may combine to 
form compartments for groups of muscles. 

The thickening of a fascial sheet for 
greater strength, especially if it receives the 
direct pull of a muscle, occurs through the 
addition of parallel bundles of collagenous 
fibers which impart to it the white, glistening 
appearance of an aponeurosis. Deep fascia 
of this type may separate muscles of differ- 
ent functional groups by attaching along 
the longitudinal axis of a bone between the 
muscles. These fascial sheets are called in- 
termuscular septa, and examples are shown 
in Figure 6-1, where the flexors in the arm 
(biceps brachii and brachialis) are separated 
both medially and laterally from the exten- 
sor (triceps) in this manner. At another site, a 
strengthened fascial sheet may cover a mus- 
cle and be used by it as a surface for attach- 
ment, for example, the investing layer of the 
forearm. An extreme instance is that of the 
fascia lata of the thigh, where the iliotibial 
band is in fact the principal tendon of inser- 
tion for the gluteus maximus and the tensor 
fasciae latae muscles. 

A band of deep fascia may act as a liga- 
ment. This is the case with the greatly 
strengthened portion of the clavipectoral 
fascia called the costocoracoid membrane. 
By its attachment to the coracoid process 
and ribs, this membrane serves as a ligament 
for the articulations of the clavicle. Other 
specializations of the deep fascia are the 
annular ligaments and retinacula at the wrist 
and ankle which provide tunnels for the 
long tendons of the hand and foot. 

At some sites a laminated fascial sheet 
may be thickened without a corresponding 
increase in strength. The fascia splits into 
two leaves which are separated by a pad of 
connective tissue containing fat and an occa- 
sional blood vessel or lymph node. An ex- 
ample of this is the lamination of the outer 
cervical fascia above the sternum which is 
called the suprasternal space. 

A fascial compartment is a region of the 
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Fic. 6-1. Cross section through the right arm a little below the middle of the humeral shaft. Note the deep fascia of 
the arm and observe that the investing layer of brachial fascia surrounds the arm, while the medial and lateral 
intermuscular septa separate the flexor (biceps brachii and brachialis muscles) from the extensor (triceps brachii 


muscle) compartment. 


body that is walled off by deep fascia. Char- 
acteristically, it contains a muscle or a group 
of muscles, but in some instances other 
structures are included. A typical example, 
described above, is the flexor and extensor 
compartments of the arm. The arm, enclosed 
by brachial fascia, is divided into two com- 
partments by the medial and lateral in- 
termuscular septa. In many descriptions of 
fascia, such compartments are ambiguously 
called spaces or potential spaces. For exam- 
ple, the mediastinum is sometimes called a 
“space containing the heart, great vessels, 
esophagus, and other structures, whereas in 
reality it is a compartment enclosed by me- 
diastinal fascia. 

The fascial cleft, an important specializa- 
tion, is a cleavage that separates two contig- 
uous fascial surfaces. At times it is a stratum 
rich in fluid but poor in traversing fibers, al- 
lowing the two fascial surfaces to move 
more or less freely and making separation 
easy at dissection. The degree of separation 
may vary from an almost complete detach- 
ment to a comparatively strong adhesion, 
apparently depending on the need for mo- 
tion between the parts. The cleft between 
the superficial fascia and the deep fascia has 


already been mentioned. The cleft between 
a muscle and an overlying, restraining fas- 
cial layer, like the biceps brachii and brach- 
ial fascia, actually separates the epimysium 
of the muscle and the true fascial sheet. The 
cleft between two adjacent muscles is likely 
to separate the epimysium of each muscle, 
but the latter may, in some places, be thick- 
ened into a true fascial sheet. 

A bursa is a specialized structure that al- 
lows an efficient freedom of motion between 
contiguous connective tissue surfaces. It is a 
relatively small, circumscribed pocket of 
complete separation, the lining of which 
provides two opposed, lubricated surfaces 
similar to the synovial membranes of a joint. 
When a tendon must glide freely immedi- 
ately adjacent to bone, a bursa is character- 
istically interposed between the tendon and 
the periosteum. The synovial tendon sheaths 
of the hand and foot are highly specialized 
bursae. 

Just as there are adaptations of deep fascia 
for the separation of structures, there are 
also fascial adaptations for structural at- 
tachments. Different deep fascial sheets may 
fuse with each other, as is the case with the 
outer investing and middle cervical fasciae 
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near the hyoid bone. They may attach to 
bones, as the clavipectoral fascia to the clav- 
icle. The attachment in some instances is 
secure, but in others it is loose. Thus, the re- 
lationship between two contiguous fascial 
layers may vary from the complete separa- 
tion at a bursa, or the functional separation 
of a fascial cleft, through progressive de- 
grees of adhesion and attachment, including 
complete fusion. 

Fascial sheets are named most commonly 
and most appropriately for the regions of 
the body that they occupy or the structures 
that they cover. For example, the brachial 
fascia encloses the arm and the deltoid fas- 
cia covers the deltoid muscle. Some fasciae 
have descriptive names, such as the fascia 
lata from its broad extent on the thigh or the 
fascia cribrosa from its many openings. A 
few are named from their attachments, for 
example, the clavipectoral fascia and the 
coracoclavicular fascia. 

A more detailed description of the various 
fascial structures of different regions is in- 
cluded with the discussions of the appropri- 
ate muscle groups and organs. 


Form and Attachments 
of Muscles 


There is a considerable variation in the 
manner by which muscle fibers are arranged 
to form whole muscles. The different archi- 
tectural types of muscle are adapted so that 
the arrangement and shape of the fasciculi 
best meet the direction and force required of 
the contracted muscle as it functions. Al- 
though there are many muscle forms and 
shapes, certain general categories can be 
identified. 

STRUCTURAL TYPES OF muSCLES. The ar- 
rangement of the fasciculi and the manner in 
which they approach their tendons are used 
as a means Of classifying muscles. The fol- 
lowing types will be described: parallel, fu- 
siform, oblique, triangular, and overlapping 
(crossed and spiral). 

Parallel Muscle. In this simplest arrange- 
ment the muscle fibers are parallel with the 
longitudinal or transverse axis of the muscle 
and terminate at the ends in flat tendons (Fig. 
6-2). These muscles may be short and flat 
like the thyrohyoid. somewhat longer and 


straplike as are the sternothyroid and sterno- 
hyoid, long and narrow like the sartorius, or 
broad and relatively thin like the rhomboid 
major. The individual muscle fibers may 
course the entire length of the muscle or may 
interdigitate into tendinous intersections, 
such as is seen in the rectus abdominis and 
semispinalis capitis muscles. 

Fusiform Muscle. In some muscles the 
fleshy portion is rounded in the center and 
tapering at the ends to form aspindle shaped 
belly which terminates in a tendon at one or 
both ends. These fusiform muscles (Fig. 6-2) 
may have a single belly (lumbricals or bi- 
ceps brachii: one belly from two heads) or 
two bellies interrupted by a tendon (digas- 
tric and omohyoid muscles). 

Oblique Muscle. In many muscles a ten- 
don courses for considerable distances ei- 
ther within the muscle or along its surface. 
In these muscles the fibers attach obliquely 
to the tendon like the plumes of a feather, 
and the muscles are therefore considered to 
be pennate (feather-like) in their construc- 
tion. If the muscle fibers converge obliquely 
on one side of the tendon, the muscle is 
called unipennate, but should be called 
semipennate (flexor pollicis longus in the 
hand and extensor digitorum longus and 
peroneus tertius in the leg). If the fleshy mus- 
Cle fibers arise from a broader area and 
attach obliquely from several sides to a 
centrally placed tendon, the muscle is con- 
sidered to be a bipennate type (peroneus 
longus, flexor hallucis longus, dorsal interos- 
sel). In multipennate muscles, there are 
several tendons in the muscle mass with 
fibers attaching obliquely from many direc- 
tions, such as is seen in the deltoid muscle 
(Fig. 6-2). 

Triangular Muscle. A muscle in which the 
fiber bundles attach to a broad tendon and 
converge to a more narrow apex may give, 
more or less, the surface appearance of a tri- 
angle. Examples of triangular type muscles 
include the pectoralis minor and anconeus 
muscles. 

Overlapping Muscle: Crossed or Spiral. \n 
certain muscles an overlapping course of the 
muscle bundles allows large numbers of fi- 
bers arising from a broad origin to converge 
in a laminar or twisting fashion onto the ten- 
don(s) of insertion. Some of the bundles 
course in a curved direction toward the in- 
sertion, while others are straight, as is the 
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Fic. 6-2. Some of the morphological types of muscles. 
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pectoralis major muscle. A variation of this 
type of muscle form allows fibers arising 
from several sites and planes to cross, 
thereby becoming oriented toward the site 
of insertion from different directions (exam- 
ples include the masseter and adductor 
pollicis muscles). In other muscles the fiber 
bundles may be arranged in a course form- 
ing, more or less, a spiral type of structure 
such as is seen in the supinator muscle of the 
forearm (Fig. 6-2). 

Finally, it should be appreciated that fre- 
quently a muscle may show characteristics 
of several of these various muscle forms. 

These arrangements of the fasciculi are cor- 
related with the power that muscles can gen- 
erate. Those with comparatively few fascic- 
uli, extending the length of the muscle, have 
a greater range of motion but not much 
power. Penniform muscles, with a large 
number of fasciculi distributed along their 
tendons, have greater power, but a smaller 
range of motion, that is, their pull will be 
shorter but more powerful. 

NAMES OF MUSCLES. Muscles have been 
named according to (1) their location (brach- 
ialis, pectoralis, supraspinatus); (2) their di- 
rection (rectus, obliquus, and transversus 
abdominis); (3) their action (flexors, exten- 
sors); (4) their shape (deltoid, trapezius, 
rhomboid); (5) the number of divisions (bi- 
ceps, triceps, quadriceps); (6) their points 
of attachment (sternocleidomastoid, omo- 
hyoid). 

ORIGIN AND INSERTION OF MUSCLES. The 
attachments of the two ends of a muscle are 
called the origin and the insertion, and it is 
customary to describe the muscle as arising 
from the origin and inserting at the insertion. 
The origin usually is the more fixed and 
proximal end, while the insertion is the 
more movable and distal end. For example, 
the pectoralis major arises or has its origin 
from the sternum, ribs, and clavicle, and its 
insertion is into the humerus. If the individ- 
ual were climbing a tree, however, the origin 
and insertion would be reversed, since the 
upper extremity would be more fixed and 
the body more movable. The designations of 
origin and insertion in the following descrip- 
tions are, therefore, somewhat arbitrary and 
a matter of convention among anatomists. II- 
lustrations of areas of attachment of muscles 
are found with the descriptions of the bones 
and the origins marked in red, the insertions 
in blue. 


Actions of Muscles 


At one time muscle action was determined 
simply by the effect observed through ma- 
nipulation of the muscle being studied in the 
cadaver or the deficits in muscle function 
seen in patients with peripheral nerve inju- 
ries. The introduction of electrical stimula- 
tion of muscles added much to our knowl- 
edge of their action, and the current use of 
electromyographic recordings of motor unit 
discharge in the muscles of human subjects 
is now refining our understanding and more 
precisely defining muscle actions. 

MOTOR UNIT. Physiologically, a muscle 
contracts because a motor nerve conducts 
impulses to myoneural junctions where a 
chemical transmitter, acetylcholine, is re- 
leased from the presynaptic nerve terminals. 
This transmitter apparently binds with pro- 
tein molecules called acetylcholine recep- 
tors, found on the membrane surface of the 
muscle. The binding then presumably 
causes biophysical changes in the mem- 
brane, increasing its permeability and allow- 
ing a rapid influx of sodium ions into the 
muscle fiber. This initiates a postsynaptic 
excitation of the membranes of the somatic 
skeletal muscle cells. 

A single motor nerve fiber innervates 
more than one skeletal muscle fiber. The 
nerve fiber and all the muscle fibers that it 
supplies are a functional unit, which is 
called the motor unit. In general, muscles 
that are small and react quickly, such as cer- 
tain laryngeal and extraocular muscles, have 
ten or fewer muscle fibers innervated by 
each nerve fiber. In contrast, large muscles, 
such as the gastrocnemius or the deep mus- 
cles of the back, which do not require fine 
central nervous system control, may have as 
many as 500 or 1000 muscle fibers in each 
motor unit. Under normal resting circum- 
stances, certain motor units in a muscle may 
be discharging while others are quiescent. 
Soon the activity of these units subsides and 
that of others commences, and it is this type 
of motor unit activity pattern that serves as 
the background against which muscular 
contraction for the performance of a pur- 
poseful act is set. 

ISOTONIC AND ISOMETRIC CONTRACTIONS. 
When muscles contract, their fibers act 
upon certain movable structures in order to 
effect the desired action. Movements result 
from the summation of increasing numbers 


of motor units in certain groups of muscles 
and the simultaneous relaxation of motor 
units in others. Movement that results from 
muscular contraction causes the lengths of 
muscles to change. Under these circum- 
stances, the tension generated within the 
muscle mass remains constant and the con- 
traction is referred to as isotonic. If, for some 
reason, movement does not occur as a result 
of muscular contraction, and the lengths of 
the muscles remain constant while the ten- 
sion generated within the muscles is ele- 
vated, the contraction is said to be isometric. 
An example of isometric muscular contrac- 
tion is encountered in the activities of the 
muscles of the calf during standing. The cen- 
ter of gravity would tend to allow the body 
to fall forward; however, this is prevented 
by the sustained activity of motor units in 
the calf muscles, causing them to contract 
without altering their lengths, thus, isometri- 
cally. Isotonic contractions may result in a 
shortening of the muscle (concentric contrac- 
tion), or at times in its lengthening (eccentric 
contraction). 

GROUP ACTIONS OF muscLEs. With rare 
exceptions, an individual muscle does not 
act alone in the performance of movement. 
It is, however, of practical importance to 
understand the individual actions of mus- 
cles. For example, the surgeon who is trying 
to diagnose and treat a displaced part of a 
limb due to a fracture must depend on his 
knowledge of individual muscle functions to 
guide his decisions. 

Most bodily movements require the com- 
bined action of a number of muscles. It is 
customary to use the term prime mover for 
those muscles that act directly to bring about 
the desired movement. Practically every 
muscle acting upon a joint is matched with 
another muscle that has an opposite action. 
Each muscle of such a pair is the antagonist 
of the other; for example, the biceps brachii, 
a flexor, and the triceps, an extensor, are an- 
tagonists at the elbow. An antagonist does 
not significantly counteract the action of a 
prime mover and, in fact, only shows a brief 
and transient discharge pattern at the initia- 
tion of movement, relaxing then until the 
intended action decelerates. In some in- 
stances, the antagonist actually controls the 
smoothness of performance. For example, if 
the abducted arm is allowed to lower pas- 
sively to the side of the trunk, gravity serves 
as a substitute for the prime mover. The an- 
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tagonist, which is the deltoid in this in- 
stance, simultaneously lengthens, control- 
ling the movement and retarding the force of 
gravity. At times prime movers and antago- 
nists may contract together, serving to stabi- 
lize a joint or hold a part of the body in an 
appropriate position. Under these condi- 
tions, the muscles are said to behave as fixa- 
tors. 

Muscles that contract at the same time as 
prime movers are called synergists. The 
term may refer not only to muscles that po- 
tentiate the action of the prime mover, but, 
more meaningfully, to fixators or stabilizing 
muscles that contract at the same time as a 
prime mover, thereby preventing some un- 
wanted movement that would be counter- 
productive. If antagonists contract during a 
given movement, even they are acting as 
synergists. For example, in closing the fist, 
the prime movers are the flexors digitorum 
superficialis and profundus, the flexor 
pollicis longus, and the small muscles of the 
thumb. The fixation muscles are the triceps, 
the biceps, the brachialis, and the muscles 
about the shoulder that hold the arm in posi- 
tion. The synergetic muscles are the exten- 
sors carpi radialis and ulnaris, which pre- 
vent flexion of the wrist. In some instances, 
when an act is performed with extreme 
force, muscles that are not required for a 
moderate performance come to the assist- 
ance of the prime movers. An example of 
this might be the flexors of the fingers, which 
may flex the wrist in an emergency situation. 

Individual muscles cannot always be 
treated as single mechanical units with re- 
gard to their actions. Different parts of the 
same muscle may have different or even an- 
tagonistic actions. An example of this is the 
anterior part of the deltoid, which flexes the 
arm while the posterior portion extends it. 
Two adjacent muscles, such as the infraspi- 
natus and the teres minor, on the other hand, 
may have the same action. 


Miuscles and Fasciae 
of the Head 


The muscles of the head may be arranged 
in groups, of which the following two will be 
described in this chapter: 


Facial muscles 
Muscles of mastication 
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In addition to these two groups, other 
muscles found in the head are described re- 
gionally in future chapters. These include 
the: (1) extraocular muscles, (2) muscles of 
the auditory ossicles, (3) muscles of the 
tongue, and (4) muscles of the pharynx. 


FACIAL MUSCLES 


The facial muscles of expression are cuta- 
neous muscles, lying within the layers of 
superficial fascia. They are derived from the 
mesoderm of the second pharyngeal arch 
and migrate to their adult locations. Gener- 
ally, they arise either from fascia or from the 
bones of the face, and insert into the skin. 
The individual muscles seldom remain sepa- 
rate and distinct throughout their length, 
having a tendency to merge, especially at 
their sites of attachment. They may be 
grouped into the: (1) muscle of the scalp, 
(2) extrinsic muscles of the ear, (3) muscles 
of the eyelid, (4) muscles of the nose, 
(5) muscles of the mouth. An additional mus- 
cle, the platysma, really belongs to the facial 
group but will be described with the muscles 
of the neck. 


Fasciae and Muscle 
of the Scalp 


Superficial fascia 

Epicranius 
Occipitofrontalis 
Temporoparietalis 
Galea aponeurotica 


SUPERFICIAL FASCIA. The superficial fascia 
of the head invests the facial muscles and 
carries the superficial blood vessels and 
nerves. It varies considerably in thickness 
and texture in different regions, but every- 
where has an abundant blood and nerve 
supply. Above the superior nuchal and tem- 
poral lines, and anterior to the masseter 
muscle, there is no deep fascia other than the 
periosteum of the bones. Beneath the skin of 
the scalp, the superficial fascia is thick and 
tough, and over the cranial vault, the muscu- 
lar layer is replaced by the broad epicranial 
aponeurosis or galea aponeurotica (Fig. 6-3). 
A fascial cleft like those commonly found 
deep to the superficial fascia in the rest of 
the body is prominent in this region and sep- 
arates the galea from the pericranium or cra- 


nial periosteum. This cleft accounts for the 
movability of the scalp and makes possible 
the sudden accumulation of large amounts 
of blood that form hematomas following 
blows on the head. Over the forehead, the 
superficial layers of the fascia are much 
thinner than over the superior aspect of the 
cranial vault, and the skin is closely attached 
to the underlying frontal belly of the occipito- 
frontalis muscle. Over the eyelids, the fascia 
is devoid of fat and is composed of a loose 
areolar tissue which is easily distended and 
infiltrated with tissue fluid in edema, or 
blood in ecchymosis or hemorrhage. On the 
cheeks and lips, the superficial fascia con- 
tains a considerable amount of fat and is 
tougher and more fibrous, especially in men. 
In contrast, the superficial fascia is virtually 
absent over the cartilages of the nose and 
external ear, the skin being closely bound to 
the underlying perichondrium. The superfi- 
cial fascia of the face is directly continuous 
over the mandible with that of the anterolat- 
eral neck, and that of the scalp merges poste- 
riorly with a similar fibrous layer of the pos- 
terior neck. 

The skin of the scalp is thicker than that in 
any other part of the body. The hair follicles 
are Closely set together, have numerous se- 
baceous glands, and extend deep into the 
superficial fascia. The subcutaneous fat is 
broken into granular lobules and is mat- 
tressed into a firm layer by the many fibrous 
bands that secure the skin to the deeper lay- 
ers of superficial fascia. 

THE EPICRANIUS. The epicranius consists 
of the occipitofrontalis, its aponeurosis, 
called the galea aponeurotica, and the two 
thin temporoparietalis muscles. This muscu- 
lar and tendinous layer covers the top and 
sides of the skull from the occipital bone to 
the eyebrow, and extends laterally as far as 
the squamae of the temporal bones. 

The occipitofrontalis muscle (Fig. 6-4) 
consists of four thin, broad muscular bellies, 
two occipital and two frontal, connected by 
an extensive intermediate aponeurosis, the 
galea aponeurotica. The occipital belly, 
quadrilateral in form, arises by short tendi- 
nous fibers from the lateral two-thirds of the 
superior nuchal line of the occipital bone, 
and from the mastoid part of the temporal 
bone. The muscular fasciculi ascend in a 
parallel course toward the vertex and end in 
the galea aponeurotica. Between the muscles 
of the two sides of the scalp is a consider- 
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Fic. 6-3. The five layers of the scalp overlying the calvaria. 


able, though variable, interval occupied by 
a posterior prolongation of the galea. The 
frontal belly consists of a thin quadrilateral 
muscular layer on each side. It is broader 
than the occipital belly and its fasciculi are 
longer, finer, and paler in color, and it has no 
bony attachments. Its medial fibers are con- 
tinuous with those of the procerus; its inter- 
mediate fibers blend with the corrugator 
supercilii and orbicularis oculi; and its Jat- 


eral fibers are blended with the latter muscle 
also, over the zygomatic process of the fron- 
tal bone. The fibers are directed upward, and 
join the galea aponeurotica anterior to the 
coronal suture. The medial margins of the 
muscles of the two sides are joined together 
for some distance above the root of the nose. 

The temporoparietalis muscle (Fig. 6-4) is 
a broad, thin, variable sheet of muscle on 
each side of the scalp. It arises from the tem- 
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Frontal belly, 
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Corrugator supercilii m. 
Procerus m. 
Depressor supercilii m. 


Orbicularis oculi m. 


Levator labii superioris 
alaeque nasi m. 


Nasalis m. 


Levator 
labii superioris m. 


Depressor septi m. 


Levator 
anguli oris m. 


Orbicularis oris m. 


Depressor 
labii inferioris m. 





Mentalis m. 
Buccinator m. 
Risorius m. 


Depressor anguli oris m. 





Masseter m. 


Platysma m. 


\ 


Galea aponeurotica 





















Zygomaticus minor m. 


Zygomaticus major m. 


Temporoparietalis m. 


Parotid duct 


Posterior 
" auricular m. 


_ Occipital belly, 
occipitofrontalis m. 


Semispinalis 
capitis m. 
Sternocleidomastoid m. 


Splenius capitis m. 


Trapezius m. 


Fic. 6-4. Superficial muscles of the face, scalp, and neck. Left lateral view. 


poral fascia just above and anterior to the 
superior margin of the auricula of the exter- 
nal ear. It spreads out like a fan over the tem- 
poral fascia, and inserts into the skin and 
temporal fascia somewhat higher on the side 
of the head, nearly reaching the lateral bor- 
der of the galea aponeurotica. 

The galea aponeurotica (Figs. 6-4; 6-6), also 
called the epicranial aponeurosis, covers the 
upper part of the cranium between the fron- 
tal and occipital bellies of the occipito- 
frontalis. In addition to its attachment to 
these muscle bellies, its fibers extend be- 
hind, in the interval between the two occipi- 
tal bellies, to the external occipital protuber- 
ance and the highest nuchal line of the 


occipital bone. In front, it forms a short, nar- 
row prolongation between the two frontal 
bellies. On each side it loses its aponeurotic 
character, and continues over the temporal 
fascia as a layer of laminated areolar tissue. 
It is closely attached to the integument by 
the firm, dense, adipose layer of superficial 
fascia and is separated more deeply from the 
pericranium by a fascial cleft. This allows 
the aponeurosis, carrying with it the integu- 
ment, to move the scalp quite freely over the 
underlying bony calvaria. 


Action. The occipital and frontal bellies of the 
occipitofrontalis acting together draw back the 
scalp, raising the eyebrows and wrinkling the fore- 


head as in an expression of surprise. The frontal bel- 
lies acting alone raise the eyebrow, on one or both 
sides. The temporoparietalis tightens the scalp and 
draws back the skin of the temples; it combines with 
the occipitofrontalis to wrinkle the forehead and 
widen the eyes in an expression of fright or horror. 
The temporoparietalis raises the auricula. 

Nerves. The frontal belly of the occipitofrontalis 
and the temporoparietalis are supplied by the tem- 
poral branches, and the occipital belly by the poste- 
rior auricular branch of the facial nerve. 

Variations. Both frontal and occipital bellies 
may vary considerably in size and in extent, and ei- 
ther may be absent. The muscles of the two sides 
may fuse inthe midline, and the occipital belly may 
fuse with the auricularis posterior muscle. 

A thin muscular slip, the transversus nuchae or 
occipitalis minor, is present in about 25% of the 
bodies. It arises from the external occipital protuber- 
ance or from the superior nuchal line, either superfi- 
cial or deep to the trapezius. Frequently, it is /n- 
serted with the auricularis posterior muscle, but may 
join the posterior edge of the sternocleidomastoid. 


Extrinsic Muscles of the Ear 


Auricularis anterior 
Auricularis superior 
Auricularis posterior 


AURICULARIS ANTERIOR. The auricularis 
anterior muscle is thin, pale, delicate, and 
indistinct. It is the smallest of the three and 
arises from the anterior portion of the fascia 
in the temporal area. It is fan-shaped and its 
fibers converge to be inserted into a spine on 
the front of the helix. 

AURICULARIS SUPERIOR. The auricularis 
superior muscle is thin and fan-shaped. Its 
fibers arise from the fascia of the temporal 
area and converge to be inserted by a thin, 
flattened tendon into the upper part of the 
cranial surface of the auricula. It is the larg- 
est of the auricular muscles. 

AURICULARIS POSTERIOR. The auricularis 
posterior muscle (Fig. 6-4) consists of two or 
three fleshy fasciculi which arise from the 
mastoid portion of the temporal bone by 
short aponeurotic fibers. They are inserted 
onto the medial (cranial) surface of the auric- 
ula at the convexity of the concha. 


Actions. The auricularis anterior draws the 
auricula forward and upward; the auricularis supe- 
rior draws it upward; and the auricularis posterior 
draws it backward. In man these muscles seem to 
act more in conjunction with the occipitofrontalis to 
move the scalp than to move the auricula, but some 
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individuals can use them to execute voluntary move- 
ments of the auricula. 

Nerves. The auriculares anterior and superior 
are supplied by the temporal branches, and the 
auricularis posterior by the posterior auricular 
branch of the facial nerve. 


Muscles of the Eyelids 


Levator palpebrae superioris 
Orbicularis oculi 
Corrugator supercilil 


The levator palpebrae superioris is de- 
scribed with the anatomy of the eye. 

ORBICULARIS OcULI. The orbicularis oculi 
(Figs. 6-4 to 6-6) arises from the nasal part of 
the frontal bone, from the frontal process of 
the maxilla in front of the lacrimal groove, 
and from the anterior surface and borders of 
a short fibrous band, the medial palpebral 
ligament. From this origin, the fibers are di- 
rected lateralward, forming a broad and 
thin layer which occupies the eyelids or 
palpebrae, surrounds the circumference of 
the orbit, and spreads over the temple and 
down the cheek. The orbicularis oculi con- 
sists of palpebral, orbital, and lacrimal parts. 

The palpebral part of the muscle is thin 
and pale (Fig. 6-6). It arises from the bifurca- 
tion of the medial palpebral ligament and 
spreads in concentric curves over the eyelids 
anterior to the orbital septum. Laterally, the 
muscle fibers again converge to insert into 
the lateral palpebral raphe. A few superficial 
muscle fibers along the free margin of the 
lids behind the eyelashes are called the cili- 
ary bundle (of Riolan).! 

The orbital part is thicker and of a reddish 
color. Its fibers form a complete ellipse with- 
out interruption at the lateral palpebral 
commissure, and spread onto the forehead, 
temple, and cheek. The upper fibers of the 
orbital part blend with the frontal belly of 
the occipitofrontalis muscle and the corru- 
gator supercilii. Some fibers of the orbital 
part insert into the skin of the eyebrow, and 
draw the eyebrow downward. The latter fi- 
bers constitute the depressor supercilii. 

The lacrimal part is small and thin, about 
6mm in breadth and 12 mm in length, and 
situated behind the medial palpebral liga- 
ment and lacrimal sac (Fig. 6-5). It arises 
from the posterior crest and adjacent part of 


1Tean Riolan (1577-1657): A French physician, anatomist, 
and botanist (Paris). 
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Fic. 6-5. Left orbicularis oculi, seen from behind. 


the orbital surface of the lacrimal bone, and 
passing behind the lacrimal sac, divides into 
an upper and a lower slip, which are in- 
serted into the superior and inferior tarsi 
medial to the puncta lacrimailia. 

The medial palpebral ligament (Fig. 6-6), 
about 4mm in length and 2mm in breadth, 
is attached to the frontal process of the max- 
illa in front of the lacrimal groove. Crossing 
the lacrimal sac, it divides into upper and 
lower parts, each attached to the medial end 
of the corresponding tarsus. As the ligament 
crosses the lacrimal sac, it gives off from its 
posterior surface a strong aponeurotic lam- 
ina which expands over the sac and is at- 
tached to the posterior lacrimal crest. 

The lateral palpebral raphe is a much 
weaker structure than the medial palpebral 
ligament. It is formed by an interlacing of 
the orbicularis oculi muscle fibers at the lat- 
eral angle of the eye. The raphe is attached 
to the margin of the frontosphenoidal proc- 
ess of the zygomatic bone, and _ passes 
medialward to the lateral commissure of the 
eyelids. Here it divides into two slips, which 
are attached to the margins of the respective 
tarsi. Deep to the raphe is the lateral palpe- 
bral ligament. 


CORRUGATOR SUPERCILII. The corrugator 
supercilli (Figs. 6-4 to 6-6) is a small, narrow, 
pyramidal muscle, placed at the medial end 
of the eyebrow, beneath the frontal belly of 
the orbitofrontalis and orbicularis oculi. It 
arises from the medial end of the super- 
ciliary arch, and its fibers pass upward and 
lateralward, between the palpebral and or- 
bital portions of the orbicularis oculi, and 
are inserted into the deep surface of the skin, 
above the middle of the orbital arch. 


Actions. The orbicularis oculi is the sphincter 
muscle of the eyelids. The palpebral portion closes 
the lids gently, as in blinking or in sleep. The orbital 
portion is also used to close the eye, especially when 
a more forceful contraction is necessary, such as in 
winking one eye. When the entire muscle is brought 
into action, the skin of the forehead, temple, and 
cheek is drawn toward the medial angle of the orbit, 
and the eyelids are firmly closed. The skin thus 
drawn upon is thrown into folds, especially radiating 
from the lateral angle of the eyelids: these folds be- 
come permanent in old age, and form the so-called 
“crow’s feet.’’ The levator palpebrae superioris is 
the direct antagonist of the orbicularis oculi, be- 
Cause it raises the upper eyelid and exposes the front 
of the bulb of the eye. Each time the eyelids are 
closed through the action of the orbicularis, the 
medial palpebral ligament is tightened, the wall of 


the lacrimal sac is thus drawn lateralward and for- 
ward, and the tears are directed into the lacrimal 
canals. The lacrimal part of the orbicularis oculi 
draws the eyelids and the ends of the lacrimal canals 
medialward and compresses them against the sur- 
face of the globe of the eye, thus placing them in the 
most favorable position for receiving the tears. The 
corrugator supercilii draws the eyebrow downward 
and medialward, producing the vertical wrinkles of 
the forehead. It is the ‘‘frowning’’ muscle, and may 
be regarded as the principal muscle in the expres- 
sion of suffering. 

Nerves. These muscles are innervated by the 
temporal and zygomatic branches of the facial 
nerve. 


Muscles of the Nose 


Procerus 
Nasalis 
Depressor septi 


THE PROCERUS. The procerus muscle 
(Figs. 6-4; 6-6) is a small pyramidal slip aris- 
ing on each side by tendinous fibers from the 
fascia covering the lower part of the nasal 
bone and upper part of the lateral nasal car- 
tilage. Coursing superiorly over the bridge of 
the nose, it is inserted into the skin over the 
lower part of the forehead between the two 
eyebrows, its fibers decussating with those 
of the frontal belly of the occipitofrontalis 
muscle. 

THE NASALIS. The nasalis muscle consists 
of two parts, transverse and alar. The trans- 
verse part (compressor naris) arises from the 
maxilla, above and lateral to the incisive 
fossa (Fig. 6-6). Its fibers proceed upward 
and medialward, expanding into a thin apo- 
neurosis which is continuous on the bridge 
of the nose with that of the muscle of the 
opposite side, and with the aponeurosis of 
the procerus. The alar part (dilatator naris) 
arises from the maxilla above the lateral in- 
cisor tooth medial to the transverse part and 
is inserted into the lower part of the cartilag- 
inous ala of the nose. 

DEPRESSOR SEPTI. The depressor septi 
(Fig. 6-4) arises from the incisive fossa of the 
maxilla. Its fibers ascend to be inserted into 
the mobile part of the nasal septum. It lies 
between the mucous membrane and muscu- 
lar structure of the lip. 


Actions. The procerus draws down the medial 
angle of the eyebrows and produces transverse wrin- 
kles over the bridge of the nose. The transverse 
part of the nasalis depresses the cartilaginous part 
of the nose and draws the ala toward the septum. 
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The alar part of the nasalis enlarges the aperture of 
the nares. Its action in ordinary breathing is to resist 
the tendency of the nostrils to close from atmos- 
pheric pressure, but in difficult breathing, as well 
as IN some emotions, such as anger, it contracts 
strongly. The depressor septi draws the ala of the 
nose downward, and thereby constricts the aperture 
of the nares. 

Nerves. These muscles are innervated by the 
buccal branches of the facial nerve. 


Muscles of the Mouth 


Levator labii superioris 

Levator labii superioris alaeque nasi 

Levator anguli oris 

Zygomaticus minor 

Zygomaticus major 

Risorius 

Depressor labii inferioris 

Depressor anguli oris 

Mentalis 

Transversus menti 

Orbicularis oris 

Buccinator 
Pterygomandibular raphe 
Buccal fat pad 


LEVATOR LABIISUPERIORIS. This thin quad- 
rangular muscle (Figs. 6-4; 6-6) has a rather 
broad origin from the lower margin of the 
orbit immediately above the infraorbital fo- 
ramen; some of its fibers are attached to the 
maxilla, others to the zygomatic bone. Its 
fibers converge to be inserted into the mus- 
cular substance of the upper lip between the 
levator anguli oris and the levator labii supe- 
rioris alaeque nasi. 

LEVATOR LABI! SUPERIORIS ALAEQUE NASI. 
This narrow muscle (Figs. 6-4; 6-6) arises 
from the upper part of the frontal process of 
the maxilla, passes obliquely downward and 
lateralward, and divides into two slips. One 
of these is inserted into the greater alar carti- 
lage and skin of the nose, while the other is 
prolonged into the upper lip, blending with 
the levator labii superioris. 

LEVATOR ANGULI ORIS. This flat quadrilat- 
eral muscle (Figs. 6-4; 6-6) arises from the 
canine fossa, immediately below the infraor- 
bital foramen. Its fibers are inserted into the 
angle of the mouth, intermingling with those 
of the zygomaticus major, depressor anguli 
oris, and orbicularis oris. 

ZYGOMATICUS MINOR. This small bundle 
of muscle fibers arises from the malar sur- 
face of the zygomatic bone immediately 
behind the zygomaticomaxillary suture, 
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Fic. 6-6. The facial muscles, anterior view. On the right (reader's left) is shown the more superficial layer, while on 
the left are the deeper muscles. (From Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, Urban & 


Schwarzenberg, 11th Ed., Vol. 1, 1975.) 


passes downward and medialward as a nar- 
row slip, and is inserted into the upper lip 
between the levator labii superioris and the 
Zygomaticus major (Figs. 6-4; 6-6). 
ZYGOMATICUS MAJOR. Somewhat larger 
than the preceding muscle, the zygomaticus 
major arises from the zygomatic bone, in 
front of the zygomaticotemporal suture. It 
descends obliquely with a medial inclina- 
tion to be inserted into the angle of the 
mouth, where it blends with the fibers of the 
levator and depressor anguli oris and the 
orbicularis oris muscle (Figs. 6-4; 6-6). 


Actions. The levator labii superioris raises the 
upper lip, carrying it at the same time a little for- 
ward. The levator labii superioris alaeque nasi 


raises the upper lip and also dilates the nostril. These 
two muscles, together with the zygomaticus minor, 
form the nasolabial furrow, from the side of the nose 
to the upper lip, which is deepened in expressions of 
sadness. When these three muscles act in conjunc- 
tion with the levator anguli oris, the furrow is deep- 
ened into an expression of contempt or disdain. The 
zygomaticus major draws the angle of the mouth 
upward and backward in laughing. 

Nerves. All five of the preceding muscles are 
supplied by buccal branches of the facial nerve. 


THE RISORIUS. The risorius muscle (Figs. 
6-4; 6-6) usually arises in the parotid fascia 
overlying the masseter muscle, but may arise 
more superiorly or posteriorly. It passes hor- 
izontally forward, superficial to the pla- 


tysma, to be inserted into the skin at the 
angle of the mouth. The risorius varies 
ereatly in size. 

DEPRESSOR LABII INFERIORIS. ‘This depres- 
sor of the lower lip is a small quadrilateral 
muscle that arises from the oblique line of 
the mandible, between the symphysis menti 
and the mental foramen (Figs. 6-4; 6-6). It 
passes upward and medialward, to be in- 
serted into the skin of the lower lip, its fibers 
blending with the orbicularis oris, and with 
those of the depressor labii superioris of the 
opposite side. At its origin it is continuous 
with the fibers of the platysma, and consid- 
erable fat is intermingled with the fibers of 
this muscle. 

DEPRESSOR ANGULI ORIS. This muscle 
arises from the oblique line of the mandible, 
lateral to and below the depressor labii 
inferioris. Its fibers ascend in a curved direc- 
tion and are inserted as a narrow fasciculus 
into the angle of the mouth (Figs. 6-4; 6-6). At 
its origin, it is continuous with the platysma, 
and at its insertion, with the orbicularis oris 
and risorius. Some of its fibers are directly 
continuous with those of the levator anguli 
oris. 

THE MENTALIS. The mentalis is a small 
conical fasciculus, situated at the side of the 
frenulum of the lower lip. It arises from the 
incisive fossa of the mandible, and descends 
to be inserted into the integument of the chin 
(Figs. 6-4; 6-6). 

TRANSVERSE MENTI. This muscle, found in 
more than half the bodies, is small and 
crosses the midline just under the chin. It is 
frequently continuous with the depressor 
anguli oris. 


Actions. The risorius retracts the angle of the 
mouth. The depressor labii inferioris draws the 
lower lip directly downward and a little lateralward, 
producing the expression of irony. The depressor 
anguli oris depresses the angle of the mouth, being 
the antagonist of the levator anguli oris and zygo- 
maticus major; acting with the levator, it draws the 
angle of the mouth medialward. The mentalis raises 
and protrudes the lower lip, and at the same time 
wrinkles the skin of the chin, as in pouting or ex- 
pressing doubt or disdain. 

Nerves. These muscles of the lower lip are sup- 
plied by the mandibular and buccal branches of the 
facial nerve. 


ORBICULARIS ORIS. The orbicularis oris 
(Figs. 6-4; 6-6) is not a simple sphincter mus- 
cle like the orbicularis oculi. It consists of 
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numerous strata of muscular fibers sur- 
rounding the orifice of the mouth and cours- 
ing in different directions. Some fibers of the 
orbicularis oris are derived from other facial 
muscles which insert into the lips, while 
other fibers are intrinsic to the muscle itself. 
Of the former, a considerable number are 
derived from the buccinator and form the 
deeper stratum of the orbicularis oris. Some 
of the buccinator fibers—namely, those near 
the middle of the muscle—decussate at the 
angle of the mouth, those arising from the 
maxilla pass to the lower lip, and those from 
the mandible to the upper lip (Fig. 6-7). The 
uppermost and lowermost fibers, derived 
from the buccinator, pass across the lips 
from side to side without decussation. Su- 
perficial to this stratum is a second layer, 
formed on each side by fibers from the leva- 
tor and depressor anguli oris which cross 
each other at the angle of the mouth (Fig. 
6-7). Those from the levator pass to the lower 
lip, and those from the depressor to the 
upper lip. Coursing along the lips, these fi- 
bers are inserted into the skin near the me- 
dian line. Other muscle fibers of the orbicu- 
laris oris are derived from the levator labii 
superioris, the zygomaticus major, and the 
depressor labii inferioris. These intermingle 
with the transverse fibers described above, 
and have principally an oblique direction. 
The proper fibers of the lips are oblique, and 
pass from the undersurface of the skin to the 
mucous membrane through the thickness of 
the lip. Finally, there are fibers by which the 
muscle is connected with the maxillae and 
the septum of the nose above, and with the 
mandible below. In the upper lip these con- 
sist of lateral and medial bands on each side 
of the midline. The lateral band, called the 
incisivus labii superioris (Fig. 6-7), arises 
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Fic. 6-7. Diagram showing arrangement of fibers of 
orbicularis oris. 


LEVATOR ANGULI ORIS 


DEPRESSOR ANGULI ORIS 


446 VIUSCLES AND FASCIAE 


from the alveolar border of the maxilla, op- 
posite the lateral incisor tooth, and arching 
lateralward. is continuous with the other 
muscles at the angle of the mouth. The more 
medial band, the nasolabialis muscle, con- 
nects the upper lip to the back of the septum 
of the nose. The interval between the two 
nasolabial bands corresponds to a depres- 
sion, the philtrum, seen on the upper lip be- 
neath the septum of the nose. Similar fibers 
for the lower lip constitute the incisivus 
labii inferioris on each side of the midline. 
This arises from the mandible, lateral to the 
mentalis, and intermingles with the other 
muscles at the angle of the mouth. 
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Actions. The orbicularis oris, in its ordinary 
action, effects the direct closure of the lips. By its 
deep and oblique fibers, it closely applies the lips to 
the teeth and the alveolar arches. The superficial 
part, consisting principally of the decussating fibers, 
brings the lips together and also protrudes them for- 
ward. Additionally, the orbicularis oris is an impor- 
tant muscle for speech because it alters the shape of 
the mouth as well as assists feeding and drinking. 

Nerves. The orbicularis oris is supplied by the 
buccal branches of the facial nerve. 


THE BUCCINATOR. The buccinator is the 
principal muscle of the cheek and forms the 
lateral wall of the oral cavity (Fig. 6-8). It lies 
deeper than the other facial muscles, is 
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Fig. 6-8. The buccinator and the muscles of the pharynx. 


quadrilateral in form, and occupies the in- 
terval between the maxilla and mandible, 
lateral to the teeth. It arises from the outer 
surfaces of the alveolar processes of the 
maxilla above and the mandible below, op- 
posite the three molar teeth. Posteriorly, 
between these two bony attachments, the 
buccinator also arises from the pterygo- 
mandibular raphe, a tendinous inscription 
which gives origin to the buccinator anteri- 
orly and to the superior pharyngeal constric- 
tor posteriorly. The fibers of the upper and 
lower portions follow a slightly converging 
course forward, and insert by blending with 
the deeper stratum of muscle fibers at the 
corresponding angle of the lips. The fibers of 
the central portion converge toward the 
angle of the mouth and decussate, those 
from above becoming continuous with the 
orbicularis oris of the lower lip, those from 
below with that of the upper lip. 

The superficial surface of the buccinator 
is covered by the buccopharyngeal fascia 
and the buccal fat pad. Its deep surface is 
adjacent to the buccal glands and the mu- 
cous membrane of the mouth. The buccina- 
tor is pierced by the duct of the parotid 
gland opposite the upper second molar 
tooth. 


Action. The buccinator compresses the cheek 
and is, therefore, an important accessory muscle of 
mastication, holding the food under the immediate 
pressure of the teeth. When the cheeks are dis- 
tended with air, the buccinators compress them and 
force the air out between the-lips as in blowing a 
trumpet (Latin: buccinator = a trumpet player). 
Electromyographic studies show that the orbicularis 
oris acts with the buccinator to compress the cheek. 

Nerve. The motor fibers to the buccinator come 
from the lower buccal branches of the facial nerve. 


PTERYGOMANDIBULAR RAPHE. The pterygo- 
mandibular raphe (Fig. 6-8) is a tendinous 
inscription extending superiorly from the 
hamulus of the medial pterygoid plate to the 
posterior end of the mylohyoid line of the 
mandible below. It gives origin to the supe- 
rior pharyngeal constrictor muscle, which 
extends posteriorly from the raphe to form 
part of the pharyngeal wall, and the bucci- 
nator muscle, which courses anteriorly to 
form the lateral wall of the oral cavity. The 
medial surface of the raphe is covered by 
the mucous membrane of the mouth, while 
its lateral surface is separated from the 
ramus of the mandible by a quantity of adi- 
pose tissue, the buccal fat pad. If it were not 
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for the raphe, the superior pharyngeal con- 
strictor, the buccinator, and the orbicularis 
oris would form a continuous sphincter-like 
band of muscle. 

The buccopharyngeal fascia covers the 
lateral surface of the buccinator, the raphe, 
and the superior pharyngeal constrictor 
muscles. This provides a fascial cleft be- 
tween the muscles and the more superficial 
structures overlying them, thereby allowing 
the muscles to move freely. 

BUCCAL FAT PAD. This circumscribed, en- 
capsulated mass of fat lies superficial to the 
buccinator at the anterior border of the mas- 
seter (Fig. 6-6). A well-defined fascial cleft 
separates it from the superficial fascia and 
facial muscles. From this main mass of adi- 
pose tissue, narrow prolongations extend 
deeply between the masseter and temporalis 
muscles and upward under the deep tempo- 
ral fascia. Some of the tissue continues still 
more deeply into the infratemporal fossa, 
separating the lateral pterygoid and tempo- 
ralis muscles from the maxilla, filling spaces 
between the various soft structures and the 
bony fossae. The mass superficial to the buc- 
cinator is particularly prominent in infants, 
and is called the suctorial pad because of its 
supposed, but dubious, assistance in the act 
of sucking. 


MUSCLES OF MASTICATION 


The muscles of mastication directly re- 
sponsible for the movements of the mandi- 
ble during chewing and speech include: 


Temporalis 

Masseter 

Medial pterygoid 
Mandibular sling 

Lateral pterygoid 


Overlying these muscles are the following 
fascial sheets: 


Temporal fascia 
Parotid-masseteric fascia 
Pterygoid fascia 


TEMPORAL FASCIA. The temporal fascia is a 
strong, fibrous sheet, aponeurotic in appear- 
ance, which covers the temporalis and is 
used by it for the attachment of some of its 
fibers. It is the most cranial extension of the 
deep fascia, because farther cranially the 
deep fascia is represented only by the peri- 
cranium. It is covered by the skin and super- 
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ficial fascia, which includes the galea apo- 
neurotica, the auriculares anterior and 
superior, and, more anteriorly, the orbicu- 
laris oculi. Just anterior to the ear, the tem- 
poral fascia is crossed by the superficial tem- 
poral vessels and auriculotemporal nerve. 
superiorly, this fascia is a thin, single sheet, 
attached to the entire extent of the superior 
temporal line. More inferiorly, near its at- 
tachment to the zygomatic arch, the tempo- 
ral fascia splits into two layers. The inner, or 
deep layer, ends by attaching to the medial 
surface of the zygomatic arch, while the 
outer or superficial layer, after attaching to 
the lateral border of the arch, is continued 
below as the masseteric fascia. Between the 
leaves is a small quantity of fat, the zygo- 
matico-orbital branch of the superficial tem- 
poral artery, and a filament from the zygo- 
maticotemporal branch of the maxillary 
nerve. 

PAROTID-MASSETERIC FASCIA. The _ pa- 
rotid-masseteric fascia covers the lateral sur- 
face of the masseter muscle and splits to en- 
close the parotid gland. It is attached to the 
zygomatic arch cranially and is continuous 
with the investing cervical fascia over the 
sternocleidomastoid posteriorly. The sheet 
that covers the lateral surface of the parotid 
gland is fused with the dense and tough 
overlying superficial fascia, is intimately 
mingled with the capsule of the gland, and 
sends numerous irregular septa into the 
glandular substance so that, unlike the sub- 
mandibular gland, the parotid cannot be eas- 
ily shelled from its connective tissue bed. 
The fascial layer on the deep surface of the 
gland continues behind the ramus of the 
mandible and there fuses with the fascia of 
the posterior belly of the digastric muscle 
into a strong band, the stylomandibular liga- 
ment. The fascia covering the masseter mus- 
cle, the masseteric fascia, terminates anteri- 
orly by encircling the ramus of the mandible 
and becomes continuous with the fascia of 
the medial pterygoid muscle deep to the 
bone. The masseteric fascia is attached to 
the border of the mandible inferiorly and 
posteriorly, completing a compartment that 
encloses all of the muscle except its upper, 
deep portion, where there is a communica- 
tion with the tissue spaces about the inser- 
tion of the temporalis. 

PTERYGOID FASCIA. The pterygoid fascia 
invests the medial and lateral pterygoid 
muscles. It is continuous below, at the angle 


of the mandible, with the masseteric and 
investing cervical fasciae, both of which 
become attached to the bone. In this region 
also, it is continuous with a thickened band. 
the stylomandibular ligament. The pterygoid 
fascia extends upward and forward along 
the deep surface of the medial pterygoid 
muscle to be attached with the origin of the 
muscle to the pterygoid process of the sphe- 
noid bone. Inferiorly, the pterygoid fascia is 
attached to the mandible at both borders of 
the inferior half of the medial pterygoid 
muscle, but as this muscle angles away from 
the mandible toward its origin, the fascia 
wraps around the muscle, forming a sheet on 
its lateral or superficial surface. This super- 
ficial sheet, continuing upward, splits to 
invest the lateral pterygoid muscle, becom- 
ing attached to the skull with this muscle’s 
origin. 

The fascia between the two pterygoid 
muscles is attached to the skull along a line 
extending from the lateral pterygoid plate to 
the spine of the sphenoid bone. The part at- 
tached to the spine is thickened into a strong 
band which is attached below to the lingula 
of the mandible, forming the sphenoman- 
dibular ligament. Another band, the pterygo- 
spinous ligament, extends from the spine, 
between the two pterygoid muscles to the 
posterior margin of the lateral pterygoid 
plate. Occasionally this band is ossified, cre- 
ating, between its upper border and the 
skull, a pterygospinous foramen which 
transmits the branches of the mandibular 
division of the trigeminal nerve to the mus- 
cles of mastication. Between the spheno- 
mandibular ligament and the neck of the 
mandible, there is an interval that allows 
passage of the maxillary vessels into the in- 
fratemporal fossa. 

The fascia on the lateral surface of the lat- 
eral pterygoid muscle is related to the ptery- 
goid plexus of veins. Deep to the pterygoid 
and deep temporal fasciae, the layer of soft 
adipose tissue, which is an extension of the 
buccal fat pad, separates these fasciae from 
the buccopharyngeal fascia overlying the 
buccinator and superior pharyngeal con- 
strictor muscles. 

The masticator compartment contains the 
four muscles of mastication along with the 
ramus and posterior part of the body of the 
mandible. The compartment is enclosed lat- 
erally by the masseteric fascia and the su- 
perficial layer of the temporal fascia, and 


deeply by the pterygoid and deep temporal 
fasciae. 

TEMPORALIS MUSCLE. The temporalis is a 
broad, radiating muscle, situated at the side 
of the head (Fig. 6-9). It arises from the 
whole of the temporal fossa and from the 
deep surface of the temporal fascia. Its fibers 
converge as they descend in a tendon that 
passes deep to the zygomatic arch, through a 
space between the arch and the lateral as- 
pect of the skull. The tendon inserts into the 
medial surface, apex, and anterior border of 
the coronoid process, and the anterior bor- 
der of the ramus of the mandible nearly 
as far as the last molar tooth. 


Action. The temporalis muscle elevates the 
mandible and thereby closes the jaws, while its pos- 
terior fibers retract the mandible. 

Nerves. The temporalis muscle is supplied by 
anterior and posterior deep temporal nerves from 
the anterior trunk of the mandibular division of the 
trigeminal nerve. 


MASSETER MUSCLE. This thick, quadrilat- 
eral muscle frequently is described as con- 
sisting of two parts, but actually consists of 
three—superficial, intermediate, and deep, 
which are superimposed and fuse anteriorly 
(Fig. 6-10). The superficial part, which is the 
largest, arises by a thick, tendinous aponeu- 
rosis from the zygomatic process of the max- 
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illa and from the anterior two-thirds of the 
inferior border of the zygomatic arch. Its fi- 
bers pass inferiorly and posteriorly, to be in- 
serted into the angle and lower half of the 
lateral surface of the ramus of the mandible. 
The intermediate part arises from the inner 
surface of the anterior two-thirds of the zy- 
gomatic arch and inserts into the ramus of 
the mandible. The deep part arises from the 
posterior third of the inner surface of the 
zygomatic arch in continuity with the inter- 
mediate part. Its fibers pass anteriorly and 
inferiorly, to be inserted into the superior 
half of the ramus of the mandible, and the 
lateral surface of its coronoid process. The 
deep part of the muscle is partly concealed 
anteriorly by the more superficial parts, 
while posteriorly it is covered by the parotid 
gland. The fibers of the three parts blend and 
are continuous at their insertion. 


Action. The masseter muscle closes the jaws 
by elevating the mandible. 

Nerve. The masseter muscle is supplied by the 
masseteric branch of the mandibular division of the 
trigeminal nerve. 


MEDIAL PTERYGOID MUSCLE. The medial 
pterygoid (Figs. 6-11; 6-12) is a thick, quadri- 
lateral muscle that occupies a position on 
the inner aspect of the ramus of the mandi- 
ble, opposite that of the masseter on the 
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Fic. 6-9. The temporalis muscle, lateral view with the zygomatic arch and masseter muscle removed. 
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Fic. 6-10. A lateral view of the skull showing the origin and insertion of the masseter muscle, as well as the 
temporalis muscle and the stylomandibular ligament. (After Benninghoff and Goerttler, Lehrbuch der Anatomic des 


Menschen, Urban & Schwarzenberg, 11th Ed., Vol. 1, 1975.) 


outer aspect. It arises from the medial sur- 
face of the lateral pterygoid plate and the 
grooved surface of the pyramidal process of 
the palatine bone. A second, more lateral, 
slip of the muscle arises from the lateral sur- 
faces of the pyramidal process of the pala- 
tine and tuberosity of the maxilla. The sec- 
ond slip lies superficial to the lateral 
pterygoid, while the main mass of the mus- 
cle lies deeper. Its fibers pass inferiorly, lat- 
erally, and posteriorly, and are inserted by a 
strong tendinous lamina into the lower and 
back part of the medial surface of the ramus 
and angle of the mandible, as high as the 
mandibular foramen. The upper portion of 
the muscle is separated from the mandible 
by the sphenomandibular ligament, the 
maxillary vessels, the inferior alveolar ves- 


sels and nerve, and the lingual nerve. The 
medial surface of the muscle is closely re- 
lated to the tensor veli palatini muscle and to 
the superior pharyngeal constrictor. 


Action. The medial pterygoid assists in closing 
the jaws by elevating the mandible. The two medial 
pterygoids protrude the mandible, while acting with 
the lateral pterygoids. When one of the medial ptery- 
goids acts with the lateral pterygoid of the same 
side, the mandible is protruded forward and to the 
opposite side. An alternation of these movements is 
important in the act of chewing food. 

Nerve. The medial pterygoid branch from the 
mandibular division of the trigeminal nerve sup- 
plies the medial pterygoid muscle. 


MANDIBULAR SLING. The masseter and the 
medial pterygoid are so placed that they sus- 


pend the angle of the mandible in a muscu- 
lar sling (Fig. 6-12). They form a functional 
articulation between the mandible and the 
maxilla, with the temporomandibular joint 
acting as a guide, in a manner similar to the 
articulation between the scapula and the 
thorax, where the clavicle acts as a guide. 
When the mouth is opened and closed, the 
mandible moves about a center of rotation 
established by the attachment of the sling 
and the sphenomandibular ligament. 
LATERAL PTERYGOID MUSCLE. The lateral 
pterygoid (Figs. 6-11; 6-12) is a short, thick 
muscle of two heads. It is somewhat conical 
in form, and extends almost horizontally 
between the infratemporal fossa and the 
condyle of the mandible. The upper or supe- 
rior head arises from the infratemporal crest 
and inferior part of the lateral surface of the 
great wing of the sphenoid bone, while the 
inferior head arises from the lateral surface 
of the lateral pterygoid plate. Its fibers pass 
horizontally backward and lateralward, to 
be inserted into a depression in the anterior 
part of the neck of the condyle of the mandi- 
ble, and into the anterior margin of the artic- 
ular disc of the temporomandibular joint. 


Action. The lateral pterygoid muscle opens 
the mouth by drawing the condyle of the mandible 
and the articular disc of the temporomandibular joint 
forward. When the lateral pterygoids act in conjunc- 
tion with the elevators of the mandible, the jaws are 
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protruded so that the lower incisor teeth project in 
front of the upper teeth. With the medial pterygoid 
of the same side, the lateral pterygoid protrudes the 
mandible, and the jaw (and chin) is rotated to the 
opposite side, producing a grinding movement be- 
tween the upper and lower teeth. 

Nerve. The lateral pterygoid nerve from the 
mandibular division of the trigeminal nerve sup- 
plies the lateral pterygoid muscle. 

Group Actions. The temporalis, masseter, 
and medial pterygoid close the jaws. Biting with the 
incisor teeth is performed by the masseter and me- 
dial pterygoid primarily, and to some extent by the 
anterior portion of the temporalis. Biting or chewing 
with the molars calls all three into maximal action. 

Opening of the jaws is performed primarily by the 
lateral pterygoid pulling forward on the condyle 
and rotating the mandible about the center of rota- 
tion near the angle. It is assisted, at the beginning of 
the action, by the mylohyoid, digastric, and genio- 
hyoid. When the mouth is opened against great re- 
sistance, in addition to the above, the tinfrahyoid 
muscles act to fix the hyoid, and other suprahyoid 
muscles probably come into action. The lateral pter- 
ygoid protrudes the jaw when accompanied by ap- 
propriate synergistic action of the closing muscles. 
The medial pterygoid assists in protrusion of the jaw 
only as a synergist, along with the other closing 
muscles, since they prevent rotation that opens the 
jaws widely. If the lateral pterygoid of one side acts, 
the corresponding side of the mandible is drawn for- 
ward while the opposite condyle remains compara- 
tively fixed, allowing side-to-side movements to 


occur, such as in the trituration of food. The mandi- 
ble is retracted by the posterior fibers of the tempo- 
ralis. 


The lateral and medial pterygoid muscles, left side, lateral view. The zygomatic arch and a portion of the 


ramus of the mandible have been removed, showing the position of the maxillary artery. 
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Fig. 6-12. The pterygoid and masseter muscles viewed from below, showing how the medial pterygoid and masseter 
form a sling suspending the angle of the mandible. (After Benninghoff and Goerttler, Lehrbuch der Anatomie des 
Menschen, Urban & Schwarzenberg, 11th Ed., Vol. 1, 1975.) 
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Fasciae of the Neck 
The fascial layers of the neck will be de- 


scribed according to the following schema: 
The anterolateral muscles of the neck may 


be arranged into the following groups: Superficial cervical fascia 


Deep cervical fascia 
Superficial investing fascia 
(anterior layer) 
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Suprahyoid 
Infrahyoid 
Triangles of the neck 
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Carotid sheath 
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ANTEROLATERAL MUSCLES AND THE FASCIAE OF THE NECK 


SUPERFICIAL CERVICAL FASCIA 


The superficial fascia (Fig. 6-13) in the an- 
terior and lateral regions of the neck is con- 
siderably thinner and less dense than the 
superficial fascia over the face, with which it 
is continuous above the border of the mandi- 
ble and over the parotid gland. It has embed- 
ded in its deeper layers the fibers of the pla- 
tysma muscle, and it is separated from the 
deep fascia by a distinct fascial cleft, which 
facilitates the action of this muscle and in- 
creases the movability of the skin in this re- 
gion. It is continuous over the clavicle with 
the superficial fascia of the pectoral and del- 
toid regions. Posteriorly, it is continuous 
with the superficial fascia of the back of the 
neck which, in contrast, is thick, tough, 
fibrous, and tightly adherent to the deep 
fascia. 


DEEP CERVICAL FASCIA 


The deep cervical fascia (Fig. 6-13) forms 
certain compartments and fascial clefts that 
are important surgically because the neck 
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contains structures that descend and ascend 
between the head and thorax, as well as 
structures that extend into the upper ex- 
tremity. 

Because descriptions of the deep cervical 
fascia vary throughout the literature, an 
understanding of the subject, at first glance, 
might be considered difficult. Many of these 
discussions are unnecessarily complex. 
There is, however, general agreement as to 
the existence of three principal layers of cer- 
vical fascia, the investing fascia (anterior 
layer), the pretracheal fascia (middle layer), 
and the prevertebral fascia (posterior layer) 
(Fig. 6-13). To these is usually added the ca- 
rotid sheath, which contains the common 
carotid artery, the internal jugular vein, and 
the vagus nerve. Fascial layers characteristi- 
cally split as they surround muscles and 
other organs and then fuse once again and 
attach firmly to adjacent bone. The layers of 
cervical fascia follow this pattern as they 
envelop the structures of the neck in their 
paths. 

INVESTING FASCIA (Anterior Layer of Deep 
Cervical Fascia). The investing layer 
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Fic. 6-13. Cross section of the neck at the level of the seventh cervical vertebra. Observe the superficial fascia and the 


layers of deep cervical fascia. 
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attaches posteriorly on each side to the liga- 
mentum nuchae and spinous processes of 
the cervical vertebrae, and coursing anteri- 
orly, it completely encircles the neck (Figs. 
6-13; 6-14). It splits to enclose two prominent 
superficial muscles on each side of its path, 
the trapezius and the sternocleidomastoid. 
Between these two muscles it covers the pos- 
terior triangle of the neck as a single sheet, 
except that it envelops the inferior belly of 
the omohyoid muscle as that structure 
crosses the posterior triangle. Extending 
around the neck anterior to the sternocleido- 
mastoid muscles, the investing layer passes 
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in front of the strap muscles of the anterior 
triangle. It then extends to the midline 
where the corresponding halves of the two 
sides of this fascial layer are continuous. 
superiorly, the investing fascia fuses with 
the periosteum over the external occipital 
protuberance and the superior nuchal line of 
the occipital bone and the mastoid process 
of the temporal bone. More anteriorly, it 
attaches along the lower border of the body 
of the mandible to its angle. Between the 
mandibular angle and the mastoid process 
the fascia extends superiorly and splits to 
enclose the parotid gland as the parotid fas- 


Tent OE 2 Fh thy WM tte AN 
SE A AE ae RO ws =. q . : 
te se Ae Pe \ 4 
ji Sth ei ie SOP as a ny, y. 
* 4 A 4 ee +0 Be - ar J - 7 













A AD 
SI TP TY Set, 
te A wh LIE 
HSCS te Boe 
‘dd 2? BP = Ble, 
aga? eT its yy a =o Mie y 
ely nae “s 4 Be a? gon N 
Riu) FO SA aes 


- pth D, ey 












Te 1 
‘ , i 7 af vf 4 9 d 
3 ; ee i. me 4 ‘ mS 
. ee ne Calais ‘ ' apa OEY tt Lae “, 
FE Mee ES 
We SEE S > A rr 
Pos wr he a 
. ' sex“ 4 














we 
i Te) 





seep hee | ; 
wat geet Did > 
ve : ry 
; pee! oN 
. 
AD Bess 
a ae Tae tA 
‘ ay vrs? 
ree 4“) a 7 ; 
‘ es ery |: 
* “ +) J 






ae 
Bay WU Seen 
Ope any 


ep 
Ne 


SY Ae 3 


















SS! wy '¢ ROR a EL ogi ths OT, SRY oe 
pe » 7 >, - ,* \ We, 
Ras €) De NX . th OR NY OR MANS | oe 
BS ~& ‘A -€fO f aN, Song ‘ , HS a igs 
; Res eee ay PAS! AYR 
>» SS: . aS 5 t ey ES ay ag? < ‘ 1 e 
Ne Re Ny SERS 
——_ ott Y = “ a RN: 7 “ N S : , 


Fic. 6-14. The investing layer of deep fascia of the head and neck. 


ANTEROLATERAL MUSCLES AND THE FASCIAE OF THE NECK 


Cla (Fig. 6-14). The layer that passes deep to 
the parotid is thickened between the styloid 
process and the angle of the mandible and is 
called the stylomandibular ligament. This 
sheet separates the tail of the parotid gland 
from the submandibular salivary gland. An- 
teriorly, the fascia is attached to the hyoid 
bone, but in the suprahyoid region the in- 
vesting layer continues upward to encapsu- 
late the submandibular gland and to attach 
along the length of both halves of the body 
of the mandible. The fascia extends inferi- 
orly to attach to the acromion and spine of 
the scapula, to the clavicle, and to the manu- 
brium sterni. Just above the manubrium and 
between the two sternocleidomastoids and 
the heads of the clavicles, the fascia remains 
split into two layers which attach to the an- 
terior and posterior borders of the jugular 
notch. The shallow interval between the two 
laminae is called the suprasternal space (of 
Burns). This space contains the lower por- 
tions of the anterior jugular veins and their 
transverse connecting branch, the jugular 
venous arch, the sternal heads of the sterno- 
cleidomastoid muscles, and sometimes one 
or more lymph nodes. The anterior jugular 
veins, in order to reach the external jugular 
veins, traverse extensions of the laminated 
interval which are prolonged laterally, deep 
to the heads of the sternocleidomastoid mus- 
cles. The external and anterior jugular veins, 
through most of their course in the neck, 
appear to lie between the superficial fascia 
and the investing layer of,deep fascia, but 
actually are embedded in the superficial sur- 
face of the investing sheet. 

PRETRACHEAL FASCIA (Middle Layer of the 
Deep Cervical Fascia). The pretracheal fas- 
cla (Fig. 6-13) is a thin, somewhat delicate 
layer of connective tissue that passes across 
the front of the neck, anterior to the trachea 
and thyroid gland and deep to the strap mus- 
cles. According to some accounts, it is the 
epimysium of the strap muscles, but this is 
an inadequate description. It splits to en- 
close the thyroid gland and contributes to its 
capsule. Extending above, it attaches to and 
is limited superiorly by the hyoid bone. In- 
feriorly, it extends behind the manubrium 
and is continuous with the fibrous pericar- 
dium along the great vessels. Laterally, the 
pretracheal fascia is continuous with the 
anterior part of the carotid sheath, and the 
thyroid vessels penetrate it to supply and 
drain the thyroid gland. 
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PREVERTEBRAL FASCIA (Posterior Layer of 
the Deep Cervical Fascia). The prevertebral 
fascia (Fig. 6-13), similar to the investing 
layer, is a closely fitting fascial sheet stretch- 
ing across the neck behind the esophagus 
and trachea and anterior to the vertebral 
column and the anterior vertebral muscles 
(longus colli, longus capitis, and others). As 
it extends laterally, the prevertebral fascia 
on each side is loosely attached to the poste- 
rior part of the carotid sheath, and it then 
courses beneath the sternocleidomastoid 
muscles. It then continues laterally around 
the neck to form, with the immediately over- 
lying investing fascia, the tough fascial floor 
of the posterior triangle, and as such it 
closely invests the lateral vertebral muscles 
(the scalene muscles and the levator scapu- 
lae). That part of the prevertebral fascia 
overlying the scalene muscles is frequently 
and appropriately called the scalene fascia. 
Deep to the trapezius, the prevertebral fascia 
thins and extends posteriorly to invest the 
posterior vertebral muscles (splenius capitis, 
splenius cervicis, semispinalis capitis, and 
others), and finally attaches to the spines of 
cervical vertebrae in a manner similar to 
that of the investing fascial layer. 

Superiorly, the prevertebral fascia reaches 
to the base of the skull, and inferiorly the 
fascia extends along the surface of the 
longus colli anterior to the vertebral column 
and into the superior mediastinum of the 
thorax, where it becomes continuous with 
the anterior longitudinal ligament. An ante- 
rior lamina of the fascia detaches in the su- 
perior mediastinum and fuses with the pos- 
terior surface of the esophagus at about the 
level of the sternal angle. In the posterior tri- 
angle, the roots of the brachial plexus 
emerge between the anterior and middle 
scalene muscles. As these nerves and the 
subclavian artery course into the axilla, they 
carry with them beneath the clavicle a pro- 
longation of the prevertebral fascial layer 
(the “scalene fascia’), which forms the axil- 
lary neurovascular sheath. This prolonga- 
tion is carried outward into the axilla as a 
sleeve around the plexus and the subclavian 
artery. | 

On the outer surface of the pharynx, ante- 
rior to the prevertebral fascia, is a filmy 
layer of loose areolar tissue (the epimysium 
of the pharyngeal constrictor muscles). 
Some authors have identified this as the 
“buccopharyngeal fascia.” Last (1978), how- 
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ever, points out that this is not a properly 
developed fascial membrane and, if it were, 
it would serve to impede or prevent the peri- 
staltic movements of the pharynx: thus, it 
clearly does not warrant the designation 
“fascia.” Anterior to the vertebral bodies, 
some authors have described an additional 
fascial layer, the alar fascia, between the 
prevertebral fascia and the _ pretracheal 
fascia. 

A number of important neural structures 
are anatomically related to the prevertebral 
fascia. In the posterior triangle the spinal 
accessory nerve courses along the superfi- 
cial surface of the prevertebral fascia. The 
roots of the cervical plexus and brachial 
plexus arise deep to the fascia from the ver- 
tebral column, and the cervical cutaneous 
nerves pierce the fascia along the posterior 
border of the sternocleidomastoid muscle in 
their course to the anterior triangle. The 
trunks of the brachial plexus become sur- 
rounded by this same fascia as they course 
beneath the clavicle into the axilla. The 
phrenic nerve descends in the neck toward 
the thorax along the front of the anterior sca- 
lene muscle behind the prevertebral fascia. 
The cervical sympathetic trunk ascends in 
the neck along the anterior surface of the 
longus colli muscle, and is embedded in the 
prevertebral fascia. 

CAROTID SHEATH. The carotid sheath (Fig. 
6-13) is a condensation of dense connective 
tissue which forms a tubular investment for 
the common carotid artery (more superiorly, 
the internal carotid artery), the vagus nerve, 
and the internal jugular vein. The sheath is 
much thinner over the vein than around the 
other structures. The sheath is, in fact, di- 
vided into three separate compartments, one 
for each of its contents. It is dense around 
the common carotid artery and loose around 
the internal jugular vein. Anterolaterally, it 
is fused with the investing fascia, antero- 
medially with the pretracheal fascia, and 
posteriorly it attaches loosely to the prever- 
tebral fascia. According to some authors, the 
carotid sheath extends superiorly as far as 
the base of the skull, where the internal ca- 
rotid artery enters the lower end of the ca- 
rotid canal. Other descriptions place its 
upper limit at the bifurcation of the common 
carotid artery. Inferiorly, the sheath reaches 
into the thorax as far as the brachiocephalic 
artery on the right and the aortic arch on the 
left, from which the common carotid arteries 


are derived, and it is often described as the 
upward continuation of the fibrous pericar- 
dium, indeed, a form of tunica externa for 
the common carotid artery. 


SUPERFICIAL CERVICAL MUSCLE 


THE PLATYSMaA. The platysma (Figs. 6-4; 
6-6) is a broad sheet of muscle arising in the 
superficial fascia covering the superior parts 
of the pectoralis major and deltoid muscles. 
Its fibers ascend over the clavicle, and pro- 
ceed obliquely upward and medialward 
along the side of the neck. The most anterior 
fibers interlace across the midline, inferior 
and posterior to the symphysis menti, with 
those of the muscle of the opposite side. The 
posterior fibers cross the border of the man- 
dible superficial to the facial vessels, and 
some are inserted into the mandible below 
the oblique line, while others insert into the 
skin and subcutaneous tissue of the lower 
part of the face. Many of these latter fibers 
blend with the muscles about the angle and 
lower part of the mouth. Under cover of the 
platysma, the external jugular vein descends 
from the angle of the mandible to the clavi- 
cle. The platysma may be composed of deli- 
cate, pale, scattered fasciculi, or may form a 
broad layer of robust dark fibers. It may be 
deficient or reach well below the clavicle, 
and it may extend into the face for a short 
distance or may continue as high as the 
zygoma. An additional band, the occipitalis 
minor, may join the platysma from the su- 
perficial fascia over the occipital bone and 
mastoid process to the fascia over the inser- 
tion of the sternocleidomastoid muscle. 


Action. The platysma muscle draws the lower 
lip and corner of the mouth laterally and inferiorly, 
partially opening the mouth, as in an expression of 
surprise or horror. When all the fibers act maximally, 
the skin over the clavicle is wrinkled and drawn to- 
ward the mandible, increasing the diameter of the 
neck, such as is seen during the intensive respiration 
of a sprinting runner. Electromyography has shown 
that it is not used in laughing or in motions of the 
Jaw or the head. 

Nerve. The platysma is supplied by the cervical 
branch of the facial nerve. 


LATERAL CERVICAL MUSCLES 


Trapezius 
Sternocleidomastoid 


ANTEROLATERAL MUSCLES AND THE FASCIAE OF THE NECK 


The trapezius muscle is described with 
the muscles connecting the upper limb to the 
vertebral column. 

THE STERNOCLEIDOMASTOID. The sterno- 
cleidomastoid muscle (Fig. 6-15) passes ob- 
liquely across the side of the neck, dividing 
the cervical region on each side into two tri- 
angular areas, the anterior and posterior tri- 
angles of the neck. The anterior triangle is 
bounded by the midline anteriorly, the me- 
dial border of the sternocleidomastoid /ater- 
ally, and the body of the mandible superi- 
orly. The posterior triangle is bounded by 
the clavicle inferiorly, and by the interfacing 
posterior border of the sternocleidomastoid 
anteriorly, and the anterior border of the tra- 
pezius posteriorly. 

The sternocleidomastoid is thick and nar- 
row at its central part, but is broad and 
thin at each end. It arises below from the 
sternum and clavicle by two heads. The me- 
dial or sternal head is rounded and tendi- 
nous ventrally, but fleshy dorsally, and it 
arises from the upper part of the ventral sur- 
face of the manubrium sterni, being directed 
upward and dorsally. The lateral or clavicu- 
lar head, composed of fleshy and aponeu- 
rotic fibers, arises from the superior border 
and anterior surface of the medial third of 
the clavicle. It is directed almost vertically 
upward. The two heads are separated at 
their origins by a triangular interval, but 
gradually blend below the middle of the 
neck, so that the clavicular head passes be- 
hind the sternal head. These form a thick, 
rounded muscle which is inserted by a 
strong tendon into the lateral surface of the 
mastoid process, from its apex to its superior 
border, and by a thin aponeurosis into the 
lateral half of the superior nuchal line of the 
occipital bone. 


Action. The sternocleidomastoid muscle of 
one side bends the head laterally, approximating the 
ear toward the shoulder of the same side. At the 
same time it rotates the head, directing the face 
upward and to the opposite side. The anterior fibers 
of both muscles acting together flex the head, bring- 
ing it ventrally, whereas the posterior fibers extend 
the head since they insert behind the atlanto-occipi- 
tal joint (Last, 1954). If the head ts fixed, the two 
muscles assist in elevating the thorax during forced 
inspiration. 

Nerves. The sternocleidomastoid is supplied by 
the spinal part of the accessory nerve and branches 
from the anterior rami of the second and third cer- 
vical nerves. 
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Variations. The sternocleidomastoid varies in 
the extent of its origin from the clavicle: in some 
cases the clavicular head may be as narrow as the 
sternal; in others it may be as much as 7.5 cm in 
breadth. When the clavicular origin is broad, it is 
occasionally subdivided into several slips, separated 
by narrow intervals. More rarely, the adjoining mar- 
gins of the sternocleidomastoideus and trapezius 
have been found tn contact. 

The supraclavicularis is a relatively rare anoma- 
lous muscle which extends from the upper edge of 
the manubrium laterally to about the middle of the 
clavicle along its upper surface. 


SUPRAHYOID MUSCLES 


Digastric 
Stylohyoid 

Stylohyoid ligament 
Mylohyoid 
Geniohyoid 


DIGASTRIC MUSCLE. The digastric muscle 
(Fig. 6-15) consists of two fleshy bellies 
united by an intermediate rounded tendon. 
It lies below the body of the mandible, and 
extends, in a curved form, from the mastoid 
process to the symphysis menti. The poste- 
rior belly, longer than the anterior, arises 
from the mastoid notch of the temporal bone 
and passes anteriorly and inferiorly. The an- 
terior belly arises from a depression on the 
inner side of the inferior border of the man- 
dible, close to the symphysis, and passes 
posteriorly and inferiorly. The two bellies 
end in an intermediate tendon which 
perforates the stylohyoid muscle, and which 
is connected to the side of the body and 
greater horn of the hyoid bone by a fibrous 
loop, which is sometimes lined by a synovial 
sheath. A broad aponeurotic layer, called the 
suprahyoid aponeurosis, extends from the 
tendon of the digastric and attaches to the 
body and greater horn of the hyoid bone. 


Action. The digastric muscle elevates the 
hyoid bone, and the two digastric muscles acting 
together assist the lateral pterygoid muscles in open- 
ing the mouth by depressing the mandible. 

Nerves. The anterior belly of the digastric is 
supplied by the mylohyoid nerve from the inferior 
alveolar branch of the mandibular division of the tri- 
geminal nerve. The posterior belly is supplied by a 
branch of the facial nerve. 

The two bellies are innervated by different nerves 
because they are derived from the mesenchyme of 
different branchial arches; the anterior belly forms 
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Fic. 6-15. Muscles of the neck. Lateral view. 


from the first or mandibular arch, and the posterior 
belly from the second or hyoid arch. 

Variations. The posterior belly may arise partly 
or entirely from the styloid process, or be connected 
by a slip to the middle or inferior constrictor. The 
anterior belly may be doubled, or extra slips from 
this belly may pass to the jaw or mylohyoid, or de- 
Cussate with a similar slip on the opposite side. The 
anterior belly may be absent and the posterior belly 
inserted into the middle of the jaw or hyoid bone. 
The intermediate tendon between the two bellies 
may pass in front of or, more rarely, behind the 
stylohoid. 

At times an anomalous muscle, the mentohyoid, 
passes from the body of the hyoid bone to the chin. 


STYLOHOID muscte. The stylohyoid (Fig. 
6-15) is a slender muscle lying anterior and 
superior to the posterior belly of the digas- 
tric. It arises by a small tendon from the pos- 
terior and lateral surface of the styloid 
process near its base. Passing anteriorly and 
inferiorly, the stylohyoid is inserted into the 
body of the hyoid bone at its junction with 
the greater horn and just above the omo- 
hyoid. It is perforated, near its insertion. 
by the tendon of the digastric. 


Action. The stylohyoid elevates and retracts 
the hyoid bone, thereby elongating the floor of the 
mouth. 

Nerve. The stylohyoid is supplied by a branch of 
the facial nerve. 

Variations. Occasionally the stylohyoid may be 
absent or doubled, or it may lie beneath the carotid 
artery, or be inserted into the omohyoid, thyrohyoid, 
or mylohyoid. 


STYLOHYOID LIGAMENT. The stylohyoid lig- 
ament is a fibrous cord that attaches to the 
tip of the styloid process of the temporal 
bone above, and to the lesser horn of the 
hyoid bone below. In its course it gives ori- 
gin to some fibers of the middle pharyngeal 
constrictor and its lower portion lies deep to 
the hyoglossus muscle. It represents an 
unossified part of the skeleton of the second 
pharyngeal arch, frequently containing a lit- 
tle cartilage in its center. The ligament may 
be partially ossified, and in many animals it 
forms a distinct bone, the epihyal. 

MYLOHYO!ID muscte. The mylohyoid is a 
flat, triangular muscle located immediately 
superior to the anterior belly of the digastric, 
and forms, with its fellow of the opposite 
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side, the muscular floor of the oral cavity. It 
arises from the entire length of the mylohy- 
oid line of the mandible, extending from the 
symphysis menti to the last molar tooth. The 
posterior fibers pass medially and slightly 
downward, to be inserted into the body of 
the hyoid bone. The middle and anterior fi- 
bers are inserted into a median fibrous raphe 
extending from the symphysis menti to the 
hyoid bone, where they join at an angle with 
the fibers of the opposite muscle. This me- 
dian raphe is sometimes wanting, and then 
the fibers of the two muscles are continuous. 


Action. The mylohyoid muscles raise the floor 
of the mouth during swallowing. They elevate the 
hyoid bone, thereby pushing the tongue upward as 
in swallowing or protrusion of the tongue (Whillis, 
1946). Additionally, the mylohyoids may depress 
the mandible and, therefore, assist in opening the 
mouth. Thus, they are active in mastication, degluti- 
tion, sucking and blowing (Lehr et al., 1971). 

Nerve. The mylohyoid is supplied by the mylo- 
hyoid branch of the inferior alveolar nerve. The latter 
nerve is derived from the mandibular division of the 
trigeminal nerve. 

Variations. At times the mylohyoid muscle may 
be fused with the anterior belly of the digastric, and 
accessory slips of the mylohyoid to other hyoid mus- 
cles are frequent. 


GENIOHYOID MUSCLE. The geniohyoid is a 
narrow muscle, situated above the medial 
border of the mylohyoid. (Note: In dissection 
from the cervical approach, the geniohyoid 
lies deep to the mylohyoid.) It arises from 
the inferior mental spine on the inner sur- 
face of the symphysis menti, and runs poste- 
riorly and slightly inferiorly, to be inserted 
into the anterior surface of the body of the 
hyoid bone. It lies in contact with its fellow 
of the opposite side. 


Action. The geniohyoid muscles slightly ele- 
vate and draw the hyoid bone forward, shortening 
the floor of the oral cavity for the reception of food 
during feeding. If the hyoid bone remains fixed, the 
geniohyoids help to retract and depress the man- 
dible. 

Nerve. The geniohyoid is supplied by fibers of 
the first cervical nerve, that are carried along the 
hypoglossal nerve. 

Variations. At times the muscle fibers of the 
two geniohyoids actually fuse. Muscular slips from 
the geniohyoid to the greater horn of the hyoid bone 
and the genioglossus also occur. 
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Group Actions. The suprahyoid muscles per- 
form two very important actions. During deglutition 
they raise the hyoid bone. When the hyoid bone is 
fixed by its depressors, the infrahyoid muscles, the 
suprahyoid muscles assist in opening the mouth by 
depressing the mandible. 


INFRAHYOID MUSCLES 


sternohyoid 
Sternothyroid 
Thyrohyoid 
Omohyoid 


STERNOHYOID muscte. The sternohyoid 
(Figs. 6-15; 6-16) is a thin, narrow strap mus- 
cle which arises from the posterior surface 
of the medial end of the clavicle, the poste- 
rior sternoclavicular ligament, and the upper 
and back part of the manubrium sterni. Pass- 
ing superiorly and medially, it is inserted by 
short, tendinous fibers into the lower border 
of the body of the hyoid bone. The two 
sternohyoids are separated inferiorly by a 
considerable interval, but their medial bor- 
ders come into contact about midway along 
their course, thereafter remaining contigu- 
ous above until their insertions. The sterno- 
hyoid sometimes presents a transverse ten- 
dinous inscription immediately above its 
origin. 


Action. The sternohyoid depresses the hyoid 
bone after a bolus of food has been swallowed. It 
also acts importantly as an antagonist of the eleva- 
tors of the hyoid bone and larynx. 

Nerve. The sternohyoid is supplied by a branch 
of the ansa cervicalis, containing fibers from the 
first, second, and third cervical nerves. 

Variations. The muscle may be absent or dupli- 
cated on one or both sides, or an additional muscu- 
lar slip, the cleidohyoid muscle, may be present 
extending from the clavicle to the hyoid. 


STERNOTHYROID muscte. The sternothy- 
roid (Fig. 6-16) is shorter and wider than 
the sternohyoid and is situated immediately 
deep to it in the neck. It arises from the pos- 
terior surface of the manubrium sterni, 
below the origin of the sternohyoid, and 
from the edge of the cartilage of the first rib, 
and sometimes that of the second rib. It as- 
cends to be inserted into the oblique line on 
the lamina of the thyroid cartilage. The two 
sternothyroids are in close contact in the 
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Fig. 6-16. Muscles of the neck. Anterior view. On the right side certain of the more superficial muscles have been 


removed. 


lower part of the neck, but diverge some- 
what as they ascend. Occasionally the 
sternothyroid is crossed by a transverse or 
oblique tendinous inscription. 


Action. The sternothyroid draws the larynx 
downward after it has been elevated during degluti- 
tion. 

Nerve. The sternothyroid is supplied by a 
branch of the ansa cervicalis, containing fibers from 
the first three cervical nerves. 

Variations. The sternothyroid may occasionally 
be absent or duplicated. It also may send accessory 
slips to the thyrohyoid, inferior pharyngeal constric- 
tor, or the carotid sheath. 


THYROHYOID muscte. The_ thyrohyoid 
(Figs. 6-15; 6-16) is a small, quadrilateral 
muscle which appears to be an upward con- 
tinuation of the sternothyroid. It arises from 
the oblique line on the lamina of the thyroid 
cartilage, and is inserted into the inferior 
border of the greater horn of the hyoid bone. 


Action. The thyrohyoid depresses the hyoid 
bone or, if the latter is fixed, draws the thyroid carti- 
lage superiorly. 

Nerve. The thyrohyoid is supplied by fibers 


from the first cervical nerve, which course with the 
hypoglossal nerve and branch from it before the 
superior root of the ansa cervicalis descends from 
the hypoglossal. 


OMOHYOID muscte. The omohyoid (Figs. 
6-15; 6-16) consists of two fleshy bellies 
united by a central tendon. It arises from the 
upper border of the scapula, and occasion- 
ally from the superior transverse ligament 
which crosses the scapular notch. Its extent 
of attachment to the scapula varies from a 
few millimeters to 2.5cm. From this origin, 
the inferior belly forms a flat, narrow fascic- 
ulus, which inclines forward and slightly 
upward across the lower part of the neck, 
being attached to the clavicle by a fibrous 
expansion. It then passes deep to the sterno- 
cleidomastoid, ending in its intermediate 
tendon. Forming an obtuse angle with the 
inferior belly, the superior belly passes al- 
most vertically upward from the tendon, 
close to the lateral border of the sternohyoid, 
to be inserted into the lower border of the 
body of the hyoid bone, lateral to the inser- 
tion of the sternohyoid. The central tendon 
of this muscle varies somewhat in length and 
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form. It is held in position at the level of the 
cricoid cartilage by a process of the superfi- 
cial investing layer of the deep cervical fas- 
cia, which sheathes it, and is prolonged cau- 
dally to be attached to the clavicle and first 
rib. It is by this fascial attachment that the 
angular form of the muscle is maintained. 


Action. The omohyoid helps to depress the 
hyoid bone after it has been elevated. 

Nerves. Both bellies of the omohyoid are sup- 
plied by branches from the ansa cervicalis, contain- 
ing fibers from the first, second, and third cervical 
nerves. 

Group Actions. The infrahyoid muscles de- 
press the larynx and hyoid after these structures 
have been elevated with the pharynx in the act of 
deglutition. The omohyoids not only depress the 
hyoid bone, but carry it dorsalward and to one or the 
other side. These latter muscles are concerned espe- 
cially in prolonged inspiratory efforts because they 
render the lower part of the cervical fascia tense, 
thereby lessening the inward suction of the soft 
parts which would otherwise compress the great 
vessels and the apices of the lungs. 


Triangles of the Neck 


The cervical region is divided by the 
sternocleidomastoid muscle into an anterior 
and a posterior triangle. 

The anterior triangle of the neck is 
bounded by the anterior midline, the ante- 
rior border of the sternocleidomastoid, and 
the lower border of the mandible. This tri- 
angle is further subdivided into three trian- 
gles. 

1. The submandibular triangle, found 
above the hyoid bone, is bounded superiorly 
by the inferior border of the mandible, infe- 
riorly by the posterior belly of the digastric, 
and anteriorly by the anterior belly of the 
digastric. 

2. The carotid triangle, located both 
above and below the hyoid bone, is bounded 
superiorly by the posterior belly of the di- 
gastric, posteriorly by the anterior border of 
the sternocleidomastoid, and inferiorly by 
the superior belly of the omohyoid. 

3. The muscular triangle, located below 
the hyoid bone, is bounded superiorly by the 
superior belly of the omohyoid, inferiorly by 
the anterior border of the sternocleido- 
mastoid muscle, and medially by the ante- 
rior midline of the neck. 


The posterior triangle of the neck is 
bounded below by the middle third of the 
clavicle and by the interfacing borders of the 
trapezius and sternocleidomastoid muscles. 
It is further subdivided by the inferior belly 
of the omohyoid into two triangles. 

1. The occipital triangle, found above, is 
bounded inferiorly by the inferior belly of 
the omohyoid, anteriorly by the posterior 
border of the sternocleidomastoid muscle, 
and posteriorly by the anterior border of the 
trapezius. 

2. The omoclavicular (subclavian or su- 
praclavicular) triangle, located below, is 
bounded superiorly by the inferior belly of 
the omohyoid, anteriorly by the sterno- 
cleidomastoid muscle, and inferiorly by the 
clavicle. 

Finally, the area between the right and left 
anterior bellies of the digastric muscles and 
the body of the hyoid bone forms the sub- 
mental triangle, which is unpaired. 


ANTERIOR VERTEBRAL MUSCLES 


Longus colli 

Longus capitis 

Rectus capitis anterior 
Rectus capitis lateralis 


LONGUS COLLI MUSCLE. The longus colli is 
situated along the anterior surface of the 
vertebral column, between the atlas and the 
third thoracic vertebra (Fig. 6-17). It is broad 
in the middle, narrow and more pointed at 
each end, and consists of three portions: 
a superior oblique, an inferior oblique, and a 
vertical portion. The superior oblique por- 
tion arises from the anterior tubercles of the 
transverse processes of the third, fourth, and 
fifth cervical vertebrae. It ascends obliquely 
with a medial inclination and is inserted by 
a narrow tendon into the tubercle on the an- 
terior arch of the atlas. The inferior oblique 
portion, the smallest part of the muscle, 
arises from the anterior surface of the bodies 
of the first two or three thoracic vertebrae 
and, ascending obliquely in a lateral direc- 
tion, is inserted into the anterior tubercles of 
the transverse processes of the fifth and 
sixth cervical vertebrae. The vertical por- 
tion, interposed between the other two parts, 
arises from the anterolateral surface of the 
bodies of the first three thoracic and last 
three cervical vertebrae, and is inserted into 
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the anterior surface of the bodies of the sec- 
ond, third, and fourth cervical vertebrae. 


Action. The longus colli is a rather weak flexor 
of the neck. It also slightly rotates and laterally 
bends the cervical portion of the vertebral column. 

Nerves. The longus colli is supplied by branches 
from ventral rami of the second to the sixth cervi- 
cal nerves. 


LONGUS CAPITIS MUSCLE. The longus 
capitis (Fig. 6-17) is narrow below but be- 
comes broader and thicker above. It arises 
by four tendinous slips from the anterior 
tubercles of the transverse processes of the 
third, fourth, fifth, and sixth cervical verte- 
brae, and ascends, converging medially to- 
ward the opposite longus capitis, to be in- 
serted into the inferior surface of the basilar 
part of the occipital bone, lateral to the pha- 
ryngeal tubercle. 


Action. The longus capitis flexes the head and 
the upper cervical spine. 


Nerves. The longus capitis is supplied by 
branches from the first, second, and third cervical 
nerves. 


RECTUS CAPITIS ANTERIOR MUSCLE. This 
short, flat muscle is situated immediately 
deep to the superior part of the longus 
capitis (Fig. 6-17). It arises from the anterior 
surface of the lateral mass of the atlas, and 
from the root of its transverse process. It 
passes upward and slightly medially, to be 
inserted into the inferior surface of the basi- 
lar part of the occipital bone immediately 
anterior to the foramen magnum. It can be 
considered an upward continuation of the 
anterior intertransverse muscles seen _be- 
tween lower cervical vertebrae. 


Action. The rectus capitis anterior flexes the 
head and helps to stabilize the atlanto-occipital joint. 

Nerve. This muscle is supplied by fibers from 
the anterior rami of the first (and possibly the sec- 
ond) cervical nerve. 





Fic. 6-17. The anterior and lateral vertebral muscles. 


RECTUS CAPITIS LATERALIS MUSCLE. The 
rectus capitis lateralis is also a short, flat 
strap muscle (Fig. 6-17). It arises from the 
superior surface of the transverse process of 
the atlas, and is inserted into the inferior sur- 
face of the jugular process of the occipital 
bone. This muscle is comparable to the pos- 
terior cervical intertransverse muscle. 


Action. The rectus capitis lateralis bends the 
head laterally to the same side and assists in stabiliz- 
ing the atlanto-occipital joint. 

Nerve. The rectus capitis lateralis, similar to the 
anterior, is supplied by a branch of the loop between 
the first and second cervical nerves. 

Group Actions. The longus capitis and rectus 
Capitis anterior are the direct antagonists of the 
muscles at the back of the neck and restore the head 
to its natural position after it has been drawn back- 
ward. These muscles also flex the head, and due to 
their obliquity, rotate it, turning the face to one or 
the other side. The rectus capitis lateralis, acting 
on one side, bends the head laterally. The longus 
colli flexes and slightly rotates the cervical portion of 
the vertebral column. 


LATERAL VERTEBRAL MUSCLES 


Scalenus anterior 
Scalenus medius 
Scalenus posterior 


SCALENUS ANTERIOR MUSCLE. The scalenus 
anterior (Fig. 6-17) lies at the side of the neck, 
deep to the sternocleidomastoid muscle. It 
arises by four slender tendons, one each 
from the anterior tubercles of the transverse 
processes of the third, fourth, fifth, and sixth 
cervical vertebrae. Descending almost verti- 
cally, it is inserted by a narrow, flat tendon 
onto the scalene tubercle on the inner border 
of the first rib, and into the ridge on the 
upper surface of the rib anterior to the 
eroove for the subclavian artery. 


Action. I\f the neck is fixed, the scalenus ante- 
rior elevates the first rib as an accessory muscle of 
respiration. If the first rib is fixed, this muscle bends 
the neck forward and laterally, and rotates it to the 
opposite side. 

Nerves. The scalenus anterior is innervated by 
branches from the anterior rami of the fifth and 
sixth (and sometimes the fourth) cervical nerves. 


SCALENUS MEDIUS MUSCLE. The scalenus 
medius (Fig. 6-17) is the largest and longest 
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of the three scalene muscles. It arises from 
the posterior tubercles of the transverse 
processes of the last six cervical vertebrae, 
and from the atlas as well in over 50% of the 
cases. Descending along the side of the ver- 
tebral column, it is inserted by a broad at- 
tachment into the cranial surface of the first 
rib, between the tubercle and the groove for 
the subclavian artery. 


Action. The scalenus medius, similar to the 
scalenus anterior, raises the first rib from above, or 
bends and slightly rotates the neck from below. 

Nerves. The scalenus medius is supplied by 
branches from anterior rami of the third through 
the eighth cervical nerves. 


SCALENUS POSTERIOR MUSCLE. ‘This is the 
smallest and most deeply seated of the three 
scalene muscles (Fig. 6-17). It arises by sepa- 
rate tendons from the posterior tubercles of 
the transverse processes of the fourth, fifth, 
and sixth cervical vertebrae, and is inserted 
by a thin tendon into the outer surface of the 
second rib, deep to the attachment of the ser- 
ratus anterior. It is occasionally blended 
with the scalenus medius. 


Action. The scalenus posterior raises the sec- 
ond rib or bends and slightly rotates the neck. 

Nerves. The scalenus posterior is supplied by 
branches of ventral primary divisions of the last 
three cervical nerves. 

Group Actions. When the scalenes are fixed 
superiorly, they elevate the first and second ribs and 
are, therefore, inspiratory muscles. Acting from 
below, they bend the vertebral column to the same 
side. If the muscles of both sides act, the vertebral 
column is flexed slightly. 

Variations. The scalene muscles vary consider- 
ably in their attachments and in the arrangement of 
their fibers. A slip from the scalenus anterior may 
pass behind the subclavian artery. The scalenus pos- 
terior may be absent or extend to the third rib. 

The scalenus pleuralis muscle or scalenus mini- 
mus extends from the transverse process of the sev- 
enth cervical vertebra to the fascia supporting the 
dome of the pleura and inner border of the first rib. 


Fasciae and Muscles 
of the Trunk 


The muscles of the trunk may be arranged 
in Six groups: 


Deep muscles of the back 
Suboccipital muscles 
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Muscles of the thorax 
Muscles of the abdomen 
Muscles of the pelvis 
Muscles of the perineum 


DEEP MUSCLES OF THE BACK 


The deep or intrinsic muscles of the back 
consist of a complex, serially arranged group 
of muscles that extends from the pelvis to 
the skull. They may be divided into four 
subgroups: the splenius, the erector spinae, 
the transversospinalis, and the interspinal- 
intertransverse. 

The splenius group (Fig. 6-20) is situated 
on the posterior aspect of the neck and 
upper thorax, and extends and rotates the 
head and neck. The two muscles are the: 


Splenius capitis muscle 
oplenius cervicis muscle 


The erector spinae (sacrospinalis) is a 
great mass of muscle that stretches from the 
sacrum to the skull (Fig. 6-19). This mass 
splits in the upper lumbar region into lateral, 
intermediate, and medial columns of mus- 
cles that lie parallel. These columns are fur- 
ther subdivided into three muscles accord- 
ing to the vertebral region to which each 
attaches superiorly. Muscles comprising the 
erector spinae primarily extend and laterally 
bend the vertebral column. They are the: 


Niocostalis muscle (lateral column) 
Iliocostalis lumborum 
Iliocostalis thoracis 
Iliocostalis cervicis 

Longissimus muscle (intermediate 

column) 
Longissimus thoracis 
Longissimus cervicis 
Longissimus capitis 

Spinalis muscle (medial column) 
Spinalis thoracis 
Spinalis cervicis 
Spinalis capitis 


The transversospinalis group (Figs. 6-19; 
6-20) is so named because generally the fi- 
bers of these muscles extend from the trans- 
verse processes of vertebrae upward and 
medially to the spinous processes of higher 
vertebrae. In this group are the: 


semispinalis muscle 
Semispinalis thoracis 


Semispinalis cervicis 
Semispinalis capitis 
Multifidus muscles 
Rotatores muscles 
Rotatores thoracis 
Rotatores cervicis 
Rotatores lumborum 


The interspinal-intertransverse group 
(Fig. 6-20) includes those muscles that pass 
from the spinous process of one vertebra to 
the spine of the next vertebra, or the trans- 
verse process of one vertebra to the trans- 
verse process of the next vertebra. In this 
group are the: 


Interspinalis muscles 
Interspinalis cervicis 
Interspinalis thoracis 
Interspinalis lumborum 
Intertransversarii muscles 
Intertransversarili anterior cervicis 
Intertransversarii posterior cervicis 
Medial and Lateral 
Intertransversarii thoracis 
Intertransversarii lumborum 
Medial and Lateral 


Overlying these muscles is an extensive 
layer of deep fascia. Although the deep fas- 
Cla covering cervical, thoracic, and lumbar 
structures can be considered as a continuous 
layer, two portions of it will be described 
separately. These are the: 


Nuchal fascia 
Thoracolumbar fascia 


NUCHAL FASCIA. The nuchal fascia is the 
cervical portion of the more extensive deep 
fascia of the back, and it is continuous on 
each side of the neck with the prevertebral 
layer of cervical fascia covering the scalene 
muscles (the scalene fascia). It covers the 
splenius capitis and splenius cervicis mus- 
cles and, near the skull, the upper portion of 
the semispinalis capitis. With these muscles, 
it is attached to the skull just inferior to the 
superior nuchal line. Medially, it fuses with 
the ligamentum nuchae and the spinous 
processes of the seventh cervical and first six 
thoracic vertebrae. In the cranial part of the 
neck it is more or less adherent to the srner- 
ficial investing layer of cervical fascia on usc 
deep surface of the trapezius. More caudally, 
a distinct fascial cleft separates it from the 
fascia of the serratus posterior superior and 
rhomboid muscles. 


The deep muscles of the neck are enclosed 
by fascial septa which form compartments 
for each muscle. A fascial cleft separates the 
splenius capitis and splenius cervicis from 
the semispinalis capitis. A considerable 
layer of adipose tissue and a fascial cleft in- 
tervene between the semispinalis capitis and 
semispinalis cervicis. In this adipose layer 
are found the deep cervical blood vessels. 
The fascia covering the semispinalis cervicis 
continues superiorly from the atlas to form 
the thick adherent covering of the sub- 
occipital muscles. 

THORACOLUMBAR FASCIA. The thoracolum- 
bar or lumbodorsal fascia (Figs. 6-18; 6-29; 
6-42), in general terms, is the deep fascial 
complex that forms the sheath of the erector 
spinae muscle. In the thoracic region this 
fascial layer is thin, gray, and transparent, 
attaching medially to spines of the vertebrae 
and the supraspinal ligaments, and laterally, 
at the margin of the erector spinae, to the 
angles of the ribs and to the fascia covering 


Lumbar vertebra Psoas major muscle 











Psoas fascia 


Spinous process 


Quadratus lumborum 
muscle 
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the intercostal muscles. Becoming thinner as 
it ascends in the thorax, the fascia continues 
superiorly, deep to the rhomboids, and grad- 
ually fades out above the first rib. 

In the lumbar region, the thoracolumbar 
fascia is considerably thickened and encases 
the erector spinae by its posterior and ante- 
rior layers. Medially, the white glistening 
posterior layer, which covers the dorsal sur- 
face of the erector spinae, attaches to the spi- 
nous processes of the lumbar and sacral ver- 
tebrae. The anterior layer, which stretches 
between the ventral surface of the erector 
spinae and the quadratus lumborum, at- 
taches to the transverse processes of the 
lumbar vertebrae. Extending Jaterally from 
these bony attachments, the two laminae 
blend with the aponeuroses of the latissimus 
dorsi, the internal oblique, and the transver- 
sus abdominis muscles. The aponeurosis of 
the latissimus dorsi blends with the poste- 
rior layer, while the aponeuroses of the in- 
ternal oblique and transversus abdominis 


Transversus abdominis muscle 


Internal oblique muscle 


External oblique 
muscle 


Transversalis Vy of 
fascia lf 


Lumbar triangle 


Latissimus dorsi 
muscle 


Thoracolumbar fascia 
(Anterior layer) 


Erector spinae muscle 


Thoracolumbar fascia 
(Posterior layer) 


Fic. 6-18. Cross section through the posterior abdominal wall, showing the posterior and anterior layers of the 
thoracolumbar fascia along with the investing transversalis fascia. (After Sobotta.) 
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blend with the anterior layer. Inferiorly, the 
layers attach not only to the medial crest of 
the sacrum, but also to the lateral sacral 
crests, the iliolumbar ligaments, and the iliac 
crests. Superiorly, the posterior layer ex- 
tends over the thorax, as described above, 
while the anterior layer extends to the 
twelfth rib and attaches to it and to the 
transverse processes of the first two lumbar 
vertebrae as the lumbocostal ligament. 

A third fascial layer usually discussed in 
relation to the thoracolumbar fascia covers 
the anterior surface of the quadratus 
lumborum muscle. It is the thinnest of the 
layers in the lumbar region and is attached 
medially to the anterior surfaces of the 
transverse processes of the lumbar vertebrae 
posterior to the lateral part of the psoas 
major muscle. Some authors describe this 
layer as a continuation of the fascia trans- 
versalis extending over the inner aspect of 
the posterior abdominal muscles, while oth- 
ers describe this layer as joining laterally 
with the aponeurosis of the transversus ab- 
dominis muscle in conjunction with the fas- 
cial layer covering the anterior surface of the 
erector spinae. In the latter schema the 
lumbodorsal fascia is described as consist- 
ing of posterior (dorsal to erector spinae), 
middle (ventral to the erector spinae), and 
anterior (ventral to the quadratus lumborum) 
layers. The former schema (used in this 
book) calls the two layers in contact with the 
erector spinae the anterior and posterior lay- 
ers of the lumbodorsal fascia and recognizes 
the fascia ventral to the quadratus lumborum 
as a continuation of the fascia transversalis. 


Splenius Muscle Group 


SPLENIUS CAPITIS. The splenius Capitis 
muscle (Fig. 6-20) is a flat muscle arising 
from the caudal half of the ligamentum 
nuchae, the spinous process of the seventh 
cervical vertebra, and the spinous processes 
of the first three or four thoracic vertebrae. 
The fibers of the muscle are directed upward 
and laterally and inserted into the rough sur- 
face on the occipital bone just inferior to the 
lateral third of the superior nuchal line and, 
under cover of the sternocleidomastoid, into 
the mastoid process of the temporal bone. 


Action. The splenius capitis draws the head 
dorsally and laterally and so rotates the head, turn- 


ing the face to the same side. When both splenius 
capitis muscles act together, they extend the head. 

Nerves. The splenius capitis is supplied by lat- 
eral branches of the dorsal rami of the middle cervi- 
cal nerves. 


SPLENIUS CERVICIS. The splenius cervicis 
(Fig. 6-20) is a narrow band of muscle that 
arises from the spinous processes of the 
third to the sixth thoracic vertebrae. As- 
cending in the posterior neck, it is inserted 
by tendinous fasciculi into the posterior tu- 
bercles of the transverse processes of the 
upper two or three cervical vertebrae. 


Action. The splenius cervicis draws the neck 
dorsally and laterally and also rotates the cervical 
vertebrae, thereby assisting to turn the head to the 
same side. Acting together, the two splenius cervicis 
muscles extend and arch the neck. 

Nerves. The splenius cervicis is innervated by 
lateral branches of the dorsal primary divisions of 
the lower cervical nerves. 

Variations. Accessory slips of the splenius 
muscles are frequently found, especially one that 
attaches to the first cervical vertebra, the atlas. 


Erector Spinae (Sacrospinalis) 


The erector spinae muscle (Fig. 6-19) and 
its prolongations in the thoracic and cervical 
regions lie in the groove on the side of the 
vertebral column. They are covered in the 
lumbar and thoracic regions by the thoraco- 
lumbar fascia, and in the cervical region by 
the nuchal fascia, over which are found the 
splenius and serratus posterior superior 
muscles above and the serratus posterior in- 
ferior muscle below. This large muscular 
and tendinous mass varies in size and struc- 
ture at different parts of the vertebral col- 
umn. In the sacral region it is narrow and 
pointed, and at its origin below chiefly tendi- 
nous. In the lumbar region it is larger, and 
forms a thick fleshy mass which, in its as- 
cending course, is subdivided into three ver- 
tical columns. These gradually diminish in 
mass as parts of the muscle insert succes- 
sively into the vertebrae and ribs. 

The erector spinae arises from the ante- 
rior surface of a broad and thick tendon, 
which is attached to the median sacral] crest, 
to the spinous processes of the lumbar and 
lower two thoracic vertebrae and their su- 
praspinal ligaments, to the inner aspect of 
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Fig. 6-19, Deep muscles of the back. The erector spinae. 
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the dorsal part of the iliac crests, and to the 
lateral crests of the sacrum, where it blends 
with the sacrotuberous and posterior sacro- 
iliac ligaments. Some of its fibers are contin- 
uous with the fibers of origin of the gluteus 
maximus. The muscular fibers form a large 
fleshy mass which splits, in the upper lum- 
bar region, into three columns: a lateral, the 
iliocostalis; an intermediate, the longissi- 
mus; and a medial, the spinalis. Each of 
these columns consists of three parts (Fig. 
6-19). 


Iliocostalis (lateral column) 
Iliocostalis lumborum 
Iliocostalis thoracis 
Iliocostalis cervicis 


The iliocostalis column is a substantial 
mass of muscle that ascends as the most lat- 
erally oriented portion of the erector spinae. 

ILIOCOSTALIS LUMBORUM. The iliocostalis 
lumborum (Fig. 6-19) splits from the erector 
spinae mass at the upper lumbar level and 
ascends to be inserted by six or seven flat- 
tened tendons into the inferior borders of 
the angles of the last six or seven ribs. 

ILIOCOSTALIS THORACIS. The iliocostalis 
thoracis (Fig. 6-19) arises by flattened ten- 
dons from the upper borders of the angles of 
the lower six ribs medial to the tendons of 
insertion of the iliocostalis lumborum. These 
become muscular, and are inserted into the 
upper borders of the angles of the first six 
ribs and into the dorsum of the transverse 
process of the seventh cervical vertebra. 

ILIOCOSTALIS CeERVICIS. The _ iliocostalis 
cervicis (Figs. 6-19; 6-21) arises from the an- 
gles of the third, fourth, fifth, and sixth ribs, 
medial to the insertions of the iliocostalis 
thoracis, and is inserted into the posterior 
tubercles of the transverse processes of the 
fourth, fifth, and sixth cervical vertebrae. 


Action. The iliocostalis muscles are all exten- 
sors of the vertebral column and are also able to 
bend the column to one side (lateral flexion) and as- 
sist In Its rotation. Additionally, the iliocostalis lum- 
borum can depress the ribs. 

Nerves. The iliocostalis muscles are supplied 
segmentally by branches of the dorsal primary divi- 
sions of the spinal nerves. 


Longissimus (intermediate column) 
Longissimus thoracis 
Longissimus cervicis 
Longissimus capitis 


The longissimus is placed intermediately 
between the iliocostalis and the spinalis. It is 
the largest and the longest of the three col- 
umns comprising the erector spinae. 

LONGISSIMUS THORACIS. The longissimus 
thoracis (Fig. 6-19) separates from the ilio- 
costalis lumborum and spinalis thoracis in 
the upper lumbar region. Below this level it 
is still blended with the rest of the erector 
Spinae, and some of its fibers are attached to 
the whole length of the posterior surfaces of 
the transverse processes and the accessory 
processes of the lumbar vertebrae, and to the 
anterior layer of the thoracolumbar fascia. 
In the thoracic region it is inserted by 
rounded tendons onto the tips of the trans- 
verse processes of all the thoracic vertebrae, 
and by fleshy processes to the lower nine or 
ten ribs between their tubercles and angles. 

LONGISSIMUS CERVICIS. The longissimus 
cervicis (Figs. 6-19; 6-21), situated medial to 
the longissimus thoracis, arises by long thin 
tendons from the tips of the transverse proc- 
esses of the upper four or five thoracic verte- 
brae, and is inserted by similar tendons into 
the posterior tubercles of the transverse 
processes of the second to the sixth cervical 
vertebrae. 


Action. The longissimus thoracis and longissi- 
mus cervicis extend the vertebral column and bend 
it to one side. The longissimus thoracis is also able to 
depress the ribs. 

Nerves. The longissimus thoracis and longissi- 
mus cervicis are supplied by branches of the dorsal 
primary divisions of the spinal nerves. 


LONGISSIMUS CapPiTiS. The longissimus 
capitis (Figs. 6-19; 6-21) lies between the lon- 
gissimus Cervicis and the semispinalis capi- 
tis. It arises by tendons from the transverse 
processes of the upper four or five thoracic 
vertebrae, and the articular processes of the 
last three or four cervical vertebrae. It is in- 
serted into the posterior margin of the mas- 
toid process, deep to the splenius capitis and 
sternocleidomastoid. In the upper part of the 
neck, where the longissimus Capitis and 
cervicis diverge toward their insertions, they 
are crossed by the splenius cervicis. The in- 
sertion of the splenius cervicis separates the 
insertion of the longissimus capitis from that 
of the longissimus cervicis. The longissimus 
capitis generally has a transverse tendinous 
inscription near its insertion. 


Action. The longissimus capitis extends the 
head. The muscle of one side acting alone bends the 
head to the same side and rotates the face toward 
that side. 

Nerves. The longissimus capitis is supplied by 
branches of the dorsal primary divisions of the mid- 
dle and lower cervical nerves. 


Spinalis (medial column) 
Spinalis thoracis 
Spinalis cervicis 
Spinalis capitis 


The spinalis column of muscles is the least 
massive of the three divisions of the erector 
spinae, and it is situated most medially and 
adjacent to the vertebral column. 

SPINALIS THORACIS. The spinalis thoracis 
(Fig. 6-19) is the medial continuation of the 
erector spinae and is scarcely separable as a 
distinct muscle. It is situated at the medial 
side of the longissimus thoracis, with which 
it is intimately blended. It arises by three or 
four tendons from the spinous processes of 
the first two lumbar and the last two thoracic 
vertebrae. These unite to form a long, slen- 
der muscle which is inserted by separate 
tendons into the spinous processes of the 
upper thoracic vertebrae, the number vary- 
ing from four to eight. It is intimately united 
with the semispinalis thoracis situated deep 
bor Ute 

SPINALIS CERVICIS. ‘The spinalis cervicis 
(Fig. 6-21) is an inconstant muscle that 


arises from the caudal part of the ligamen-. 


tum nuchae, the spinous process of the sev- 
enth cervical, and sometimes from the 
spines of the first and second thoracic verte- 
brae, and is inserted into the spinous process 
of the axis, and occasionally into the spines 
of the two vertebrae caudal to it. 

SPINALIS CAPITIS. The spinalis capitis is 
usually inseparably connected with the 
medial part of the semispinalis capitis. It 
arises and inserts with the semispinalis capi- 
tis, but it may have some separate attach- 
ments below to the upper thoracic vertebral 
spines. 


Actions. The spinalis muscles extend the verte- 
bral column. 

Nerves. The spinalis muscles are innervated by 
branches of the dorsal primary divisions of the spi- 
nal nerves. 


FASCIAE AND MUSCLES OF THE TRUNK 469 


Transversospinalis Group 


The muscles in this group are more deeply 
placed than the erector spinae and they fill 
the concave region between the spinous 
processes and the transverse processes of the 
vertebrae. They consist of muscular fasci- 
cles that course obliquely upward and medi- 
ally from the transverse processes to higher 
spinous processes. The semispinalis, multi- 
fidus, and rotatores muscles are included in 
this group. 


semispinalis muscles 
Semispinalis thoracis 
Semispinalis cervicis 
Semispinalis capitis 


The semispinalis muscles are found only 
in the thoracic and cervical regions extend- 
ing to the head. They underlie the spinalis 
and longissimus columns of the erector 
spinae. 

SEMISPINALIS THORACIS. The semispinalis 
thoracis (Fig. 6-19) consists of thin, narrow, 
fleshy fasciculi, interposed between tendons 
of considerable length. It arises by a series of 
tendons from the transverse processes of the 
sixth to the tenth thoracic vertebrae, and is 
inserted by tendons into the spinous proc- 
esses of the first four thoracic and last two 
cervical vertebrae. 

SEMISPINALIS CERVICIS. This muscle (Figs. 
6-19; 6-21), thicker than the preceding, arises 
by a series of tendinous and fleshy fibers 
from the transverse processes of the first five 
or six thoracic vertebrae. Ascending in the 
neck and becoming thicker and more mus- 
cular, it is inserted into the cervical spinous 
processes from the axis to the fifth cervical 
vertebra inclusive. The fasciculus connected 
with the axis is the largest, and is chiefly 
muscular in structure. This muscle is almost 
entirely covered by the semispinalis capitis. 


Action. The semispinalis thoracis and semi- 
spinalis cervicis extend the vertebral column and 
rotate it toward the opposite side. 

Nerves. The semispinalis thoracis and semispi- 
nalis cervicis are supplied by branches of the dorsal 
primary divisions of thoracic and cervical spinal 
nerves. 


SEMISPINALIS CAPITIS. The semispinalis 
capitis (Figs. 6-19; 6-20) is a large muscle situ- 
ated on the posterior aspect of the neck, 
deep to the splenius, and medial to the lon- 
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Fic. 6-20. The deep back muscles, showing some of the tran 


(From Benninghoff and Goerttler, Lehrbuch der Anatomi 


1975.) 


gissimus cervicis and longissimus capitis. It 
arises by a series of tendons from the tips of 
the transverse processes of the first six or 
seven thoracic and the seventh cervical ver- 
tebrae, and from the articular processes of 
the fourth, fifth, and sixth cervical vertebrae. 


yy ~~ Obliquus capitis superior m. 


Rectus capitis posterior major m. 
~~ «6Obliquus capitis inferior m. 


@----- 'nterspinalis cervicis m. 
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sversospinalis and interspinalis-intertransverse muscles. 


e des Menschen, Urban & Schwarzenberg, 11th Ed., Vol. 1, 


The tendons unite to form a broad muscle, 
which passes almost vertically upward to be 
inserted between the superior and inferior 
nuchal lines of the occipital bone. The me- 
dial part, usually more or less distinct from 
the remainder of the muscle, is frequently 


indistinguishable from the spinalis capitis 
muscle. This part is also called the biventer 
cervicis because it is traversed by an imper- 
fect tendinous intersection. 


Action. The semispinalis capitis extends the 
head and rotates it so that the face is turned toward 
the opposite side. 

Nerves. The semispinalis capitis receives inner- 
vation from branches of the dorsal primary divisions 
of the cervical nerves. 


MULTIFIDUS MUSCLE. The multifidus mus- 
cle (Figs. 6-20: 6-21) consists of a number 
of fleshy and tendinous fasciculi that fill 
the groove on both sides of the spinous proc- 
esses of the vertebrae from the sacrum to the 
axis. The fascicles lie deep to the erector 
spinae in the lumbar region and deep to the 
semispinalis thoracis and semispinalis cer- 
vicis more superiorly. In the sacral region, 
these fasciculi arise from the back of the 
sacrum, as low as the fourth sacral foramen, 
from the aponeurosis of origin of the erector 
spinae, from the medial surface of the poste- 
rior superior iliac spine, and from the poste- 
rior sacroiliac ligaments; in the lumbar re- 
gion (Fig. 6-20), from all the mamillary 
processes; in the thoracic region, from all the 
transverse processes; and in the cervical re- 
gion (Fig. 6-21), from the articular processes 
of the lower four cervical vertebrae. Each 
fasciculus ascends obliquely, crossing over 
two to four vertebrae in its course toward 
the midline, and is inserted onto the spinous 
process of a higher vertebra. The fascicles 
vary in length and depth of position, but in- 
sertions are made onto the spines of all the 
vertebrae from the lowest lumbar to the 
axis. The longest and most superficial pass 
from one vertebra to the fifth or fourth 
above; those somewhat deeper are shorter 
and cross three vertebrae; the deepest and 
shortest cross two. 


Action. Acting alone, the multifidus muscle 
bends (or laterally flexes) the vertebral column and 
rotates it to the opposite side. When the multifidus 
of each side acts together, the vertebral column is 
extended. 

Nerves. The multifidus is innervated segmentally 
by branches of the dorsal primary divisions of 
the spinal nerves. 


Rotatores muscles 
Rotatores thoracis 
Rotatores cervicis 
Rotatores lumborum 
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The rotatores are the deepest muscles of 
the transversospinalis group. Some cross one 
vertebra in their oblique course (rotatores 
longi), while others insert in the next suc- 
ceeding vertebra and course in an almost 
horizontal direction (rotatores brevi). Al- 
though they are found along the entire 
length of the vertebral column, they are only 
developed to any degree in the thoracic re- 
gion. 

ROTATORES THORACIS. These narrow rec- 
tangular muscles (Fig. 6-20) form the deepest 
layer in the groove between the spinous and 
transverse processes of the thoracic verte- 
brae. They arise from the transverse process 
of one vertebra and insert at the base of the 
spine of the thoracic vertebra immediately 
above, or the one above that. They lie deep 
to the multifidus and cannot be distin- 
guished readily from its deepest fibers. 

ROTATORES CERVICIS AND LUMBORUM. [n 
the cervical and lumbar regions the rotatores 
are less well defined and more variable. In 
the cervical region these muscular fascicles 
course from the articular processes below to 
the base of the spines above, while in the 
lumbar region they attach to the mamillary 
process below and to the inferior margin of 
the lamina above. 


Action. The rotatores extend the vertebral 
column and rotate it toward the opposite side. 

Nerves. The rotatores are supplied by branches 
of the dorsal primary divisions of the spinal nerves. 


Interspinal-Intertransverse Group 


In this group are muscles that pass seg- 
mentally from one vertebra to the next. The 
muscles considered in this group are the 
interspinales and the intertransversarii. Cer- 
tain of the rotators also pass between adja- 
cent vertebrae (rotatores brevi), but they are 
better classified with the transversospinal 
muscles because of their attachments and 
rotator action. 


Interspinales muscles 
Interspinales cervicis 
Interspinales thoracis 
Interspinales lumborum 


The interspinales are short, paired muscu- 
lar fasciculi, placed between the spinous 
processes of the contiguous vertebrae, one 
on each side of the interspinal ligament. 
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Fig. 6-21. The deep muscles of the posterior cervical region. (From Benninghoff and Goerttler, Lehrbuch der Anato- 
mie des Menschen, Urban & Schwarzenberg, 11th Ed., Vol. 1, 1975.) 


_  INTERSPINALES CERVICIS. In the cervical 
region (Figs. 6-20; 6-21), the interspinales are 
most distinct and consist of six pairs, the 
first being situated between the axis and 
third vertebra, and the last between the sev- 
enth cervical and the first thoracic. They are 
small narrow bundles, attached to the apices 
of the adjacent spinous processes. 
INTERSPINALES THORACIS. In the thoracic 
region the interspinales are found between 
the first and second vertebrae, and some- 
times between the second and third, and be- 


tween the eleventh and twelfth. They are 
generally undeveloped between the other 
thoracic spines. 

INTERSPINALES LUMBORUM. [n the lumbar 
region, there are four pairs in the intervals 
between the five lumbar vertebrae. There is 
also occasionally one pair between the last 
thoracic and first lumbar, and another be- 
tween the fifth lumbar and the sacrum. 


Action. 
column. 


The interspinales extend the vertebral 


F—— OQbliquus capitis superior m. 


Nerves. The interspinales are supplied by 
branches of the dorsal primary divisions of the spi- 
nal nerves. 

The extensor coccygis is a slender muscular fas- 
ciculus that is not always present. It extends over 
the caudal part of the posterior surface of the sacrum 
and coccyx, and arises by tendinous fibers from the 
last segment of the sacrum, or first piece of the coc- 
cyx. It passes caudally to be /nserted into the lower 
part of the coccyx, and is a rudiment of the extensor 
muscle of the caudal vertebrae in lower animals. 


Intertransversarii muscles 
Intertransversaril anterior cervicis 
Intertransversarii posterior Cervicis 

Medial and Lateral 
Intertransversarii thoracis 
Intertransversarii medial lumborum 
Intertransversarii lateral lumborum 


The intertransversarii are small, rounded, 
tendinous muscles placed between the 
transverse processes of contiguous verte- 
brae. 

INTERTRANSVERSARII CERVICIS. The inter- 
transversarii are best developed in the cervi- 
cal region where at each segment there are 
paired anterior and posterior muscles. The 
anterior cervical intertransverse muscles in- 
terconnect the anterior tubercles of contigu- 
ous transverse processes of the cervical ver- 
tebrae, while those interconnecting the 
posterior tubercles are the posterior cervical 
intertransverse muscles. The ventral pri- 
mary division of the segmental cervical 
nerve lies in a groove between the anterior 
and posterior muscles at each level. The pos- 
terior intertransverse muscles each consist 
of a medial and lateral part. The medial part 
belongs to the intrinsic muscles of the back 
and lies between the transverse processes, 
close to the vertebral body, and therefore is 
supplied by the posterior primary ramus of 
the spinal nerve. The /ateral part attaches 
the transverse processes more laterally and, 
along with the anterior intertransverse mus- 
cles, is homologous to the intercostal mus- 
cles. Both of these latter elements are there- 
fore supplied by the anterior primary ramus 
of the spinal nerve. There are seven pairs of 
cervical intertransverse muscles, the most 
superior being between the atlas and axis, 
and the lowest pair between the seventh cer- 
vical and first thoracic vertebrae. 

INTERTRANSVERSARII THORACIS. [n the tho- 
racic region, the intertransverse muscles 
consist of single slips on each side. They are 
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present between the transverse processes of 
the last three thoracic vertebrae, and _ be- 
tween the transverse processes of the last 
thoracic and the first lumbar. They are com- 
parable to the medial part of the posterior 
cervical intertransverse muscles and are 
therefore supplied by the posterior primary 
rami of the thoracic nerves. 
INTERTRANSVERSARII LUMBORUM. In the 
lumbar region (Fig. 6-20) the intertransverse 
muscles are once again arranged in pairs on 
each side of the vertebral column. One mus- 
cle of each pair, the medial intertransverse 
muscle, passes from the accessory process of 
one vertebra to the mammillary process of 
the vertebra below. These are intrinsic deep 
back muscles supplied by the dorsal primary 
division of the lumbar nerves. The other 
muscle of each pair is the lateral intertrans- 
verse muscle, and it occupies the entire in- 
terspace between the transverse processes of 
contiguous vertebrae. The lateral intertrans- 
verse muscles are themselves separable into 
posterior and anterior parts, which are hom- 
ologues of the intercostal muscles, and both 
parts are innervated by branches of the ante- © 
rior primary rami of the lumbar nerves. 


Action. The intertransversarii bend the ver- 
tebral column laterally when acting on one side 
and extend the vertebral column when acting on 
both sides. 

Nerves. Supplied by ventral primary rami of 
spinal nerves are the: 

(a) anterior cervical intertransverse muscles; 

(b) lateral part of the posterior cervical inter- 

transverse muscles; 

(c) lateral (lumbar) intertransverse muscles. 

Supplied by dorsal primary rami of spinal 
nerves are the: 

(a) medial part of the posterior cervical inter- 

transverse muscles; 

(b) thoracic intertransverse muscles; 

(c) medial (lumbar) intertransverse muscles. 


SUBOCCIPITAL MUSCLES 


The suboccipital muscles, four on each 
side, lie deep to the semispinalis capitis in 
the uppermost part of the dorsal cervical 
region. 


Rectus capitis posterior major 
Rectus capitis posterior minor 
Obliquus capitis inferior 
Obliquus capitis superior 
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RECTUS CAPITIS POSTERIOR MAJOR. This 
muscle (Figs. 6-21; 6-22) arises by a pointed 
tendon from the spinous process of the axis. 
Becoming broader as it ascends, it is inserted 
info the lateral part of the inferior nuchal 
line of the occipital bone and the surface of 
the bone immediately inferior to the line. As 
the muscles of the two sides pass upward 
and laterally, the triangular space between 
them is occupied by the rectus Capitis poste- 
rior minor muscles. 


Action. The rectus capitis posterior major ex- 
tends the head and rotates it to the same side. 

Nerve. The rectus capitis posterior major is sup- 
plied by a branch of the dorsal ramus of the sub- 
occipital nerve (first cervical nerve), 


RECTUS CAPITIS POSTERIOR MINOR. This 
muscle (Figs. 6-21; 6-22) arises by a narrow 
pointed tendon from the tubercle on the pos- 
terior arch of the atlas. Widening as it as- 
cends, it is inserted into the medial part of 
the inferior nuchal line of the occipital bone 
and the bony surface between the line and 
the foramen magnum. 


Action. The rectus Capitis posterior minor ex- 
tends the head. 

Nerve. This muscle also is supplied by a branch 
of the dorsal primary division of the suboccipital 
nerve. 


OBLIQUUS CAPITIS INFERIOR. This muscle 
is the larger of the two oblique muscles and 
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The left suboccipital triangle and muscles. 


it arises from the apex of the spinous proc- 
ess of the axis (Figs. 6-21: 6-22). Passing later- 
ally and slightly upward, it is inserted into 
the inferior and dorsal part of the transverse 
process of the atlas. 


Action. The obliquus capitis inferior rotates 
the atlas and thereby turns the face toward the same 
side. 

Nerve. This muscle is supplied by a branch of 
the dorsal primary division of the suboccipital 
nerve. 


OBLIQUUS CAPITIS SUPERIOR. This muscle 
(Figs. 6-21; 6-22) arises by narrow tendinous 
fibers from the superior surface of the trans- 
verse process of the atlas, and thus joins 
with the insertion of the obliquus capitis in- 
ferior. It passes upward and slightly medi- 
ally to be inserted into the occipital bone, 
between the superior and inferior nuchal 
lines, lateral to the semispinalis capitis. 


Action. The obliquus capitis superior extends 
the head and bends it laterally. 

Nerve. As are the other muscles in this group, 
the obliquus capitis superior is supplied by a branch 
of the dorsal primary division of the suboccipital 
nerve. 

SUBOCCIPITAL TRIANGLE. Between the obliqui 
and the rectus capitis posterior major is the sub- 
occipital triangle. It is bounded superiorly and me- 
dially by the rectus capitis posterior major; superiorly 
and /aterally by the obliquus capitis superior; inferi- 
orly and /aterally by the obliquus capitis inferior. The 
triangle is covered by dense, fibrous and fatty tissue, 
and it is situated deep to the semispinalis capitis. 
The floor of the triangle is formed by the posterior 
atlanto-occipital membrane and the posterior arch of 
the atlas. In the deep groove on the surface of the 
posterior arch of the atlas are the vertebral artery and 
the first cervical or suboccipital nerve (Fig. 6-22). 


MUSCLES OF THE THORAX 


The muscles considered in this section are 
all attached to the ribs and concerned with 
rib movements, especially in relation to res- 
piration. Although many other muscles also 
attach to the thorax, these are described in 
sections dealing with the upper extremity, 
abdomen, back, and neck, with which they 
are more specifically identified. 


Intercostales externi 
Intercostales interni 
Intercostales intim1 

Subcostales 
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Transversus thoracis 
Levatores costarum 
Serratus posterior superior 
Serratus posterior inferior 
Diaphragm 

Diaphragmatic openings 


Fasciae 


The superficial fascia and the outer layers 
of deep fascia of the thorax are described 
with the pectoral region and back. The tho- 
racic cage proper, composed of ribs and in- 
tercostal muscles, is covered internally and 
externally by thin layers of deep fascia. The 
outer layer essentially forms a covering over 
the external intercostal muscles, while the 
internal layer, consisting of loose areolar tis- 
sue, is called the endothoracic fascia. 

ENDOTHORACIC FASCIA. The endothoracic 
fascia is a deep investing fascial layer that 
lines the internal aspect of the thoracic cage. 
It covers the inner surface of the intercostal 
muscles and the intervening ribs, along with 
the subcostal and transverse thoracic mus- 
cles and the diaphragm. It lies between the 
parietal pleura and the thoracic cage, which 
in the absence of adhesions can therefore be 
easily separated. Dorsally, the endothoracic 
fascia is continuous over the bodies of the 
vertebrae and the intervertebral discs. In 
this mediastinal region, certain structures 
such as the azygous and hemiazygous veins, 
the thoracic duct, the sympathetic chain, 
and the splanchnic nerves are partially or 
completely surrounded by the fascia. Supe- 
riorly, it extends over the apices of the lungs 
where, somewhat thickened, it forms the 
suprapleural membrane, which is also called 
Sibson’s fascia.! Inferiorly, it thins consider- 
ably over the superior surface of the dia- 
phragm, but is continuous with the internal 
investing fascia of the abdominal cavity, the 
fascia transversalis, dorsal to the diaphragm 
at the lumbocostal arches and through the 
aortic hiatus. 


Muscles 


The intercostales muscles (Figs. 6-23; 6-24) 
are thin layers of muscular and tendinous 
fibers occupying each of the intercostal 


‘Francis Sibson (1814-1876): An English physician and 
anatomist (London). 
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Fic. 6-23, Longitudinal section of the thoracic wall. Note the position of the intercostal vein, artery and nerve in the 
sulcus of the rib, and that these structures course around the trunk between the innermost (intimi) and internal 
intercostal muscle layers. (From Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, Urban & Schwar- 


zenberg, 11th Ed., Vol. 1, 1975.) 


spaces. They are named external, internal, 
and innermost (intimi) from their surface 
relations, the external being the most super- 
ficial and the innermost being the deepest, 
while the internal intercostal muscles lie 
between the other two. 

INTERCOSTALES EXTERNI. There are eleven 
external intercostal muscles on each side. 
They extend in the intercostal spaces from 
the tubercles of the ribs dorsally to the carti- 
lages of the ribs ventrally (Fig. 6-23), where 
each ends in a thin, fibrous sheet, the exter- 
nal intercostal membrane, which continues 
forward to the sternum. Each external inter- 
costal muscle arises from the lower border 
of arib and is inserted into the upper border 
of the rib below. In the lowest two spaces 
the muscles extend to the ends of the carti- 
lages, and in the uppermost two or three 
spaces they do not quite reach the ends of 
the ribs. They are thicker than the inter- 
costales interni, and their fibers are directed 
obliquely inferolaterally on the dersum of 
the thorax, and inferomedially and some- 
what ventrally on the anterior aspect of the 
thorax. 


Action. The actions of the external intercostal 
muscles are not clearly understood. There is reason- 
able evidence to support the view that at least some 
of these muscles are active during inspiration and 
that they elevate the ribs. Apparently, however, they 
are also active during the early phase of expiration. 

Nerves. The external intercostal muscles are 
innervated by the intercostal nerves, numbered 
sequentially according to the interspace, e.g., the 
fourth intercostal nerve supplies the muscles occu- 
pying the fourth intercostal space between the 
fourth and fifth ribs. 

Variations. At times muscular slips join the ex- 
ternal intercostal muscles to the external oblique or 
serratus anterior muscle. A supracostalis muscle, 
extending from the anterior end of the first rib down 
to the second, third, or fourth rib, occasionally is 
seen. 


INTERCOSTALES INTERNI. There are also 
eleven internal intercostal muscles on each 
side. They commence anteriorly at the ster- 
num, in the interspaces between the carti- 
lages of the true ribs, and at the anterior ex- 
tremities of the cartilages of the false ribs. 
They extend posteriorly as far as the angles 
of the ribs, where they are continued to the 


vertebral column by thin aponeuroses, the 
internal intercostal membranes. Each mus- 
cle arises from the ridge on the inner surface 
of a rib, as well as from the corresponding 
costal cartilage, and is inserted into the up- 
per border of the rib below (Figs. 6-23; 6-24). 
Their fibers are also directed obliquely, but 
pass in a direction perpendicular to those 
of the external intercostal muscles. 


Action. The internal intercostal muscles are 
also involved in respiratory movements. The portion 
of the upper four or five muscles that interconnects 
the costal cartilages is thought to elevate the ribs (as 
occurs with the external intercostals) during inspira- 
tion. The more lateral and dorsal portions of the 
muscles, where the fibers are oriented more ob- 
liquely in direction (inferiorly and posteriorly), are 
active during expiration. Some doubt still exists 
about these generally described actions. 

Nerves. The intercostal nerves innervate the 
internal as well as the external intercostal muscles. 


INTERCOSTALES INTIMI. These innermost 
intercostal muscles are frequently consid- 
ered to be the deepest parts of the internal 
intercostal muscles. They lie deep to the in- 
tercostal vessels and nerves, being inter- 
posed between these structures and the pari- 
etal pleura (Fig. 6-23). They extend between 
the costal groove of the rib above to the 
inner lip of the upper margin of the rib 
below. They are not well developed and 
may, in fact, even be absent in,the upper 
four or five interspaces. Their fibers gener- 
ally course in the same direction as those of 
the internal intercostal muscles. 


Action. \t may be that the action of the inner- 
most intercostals is similar to that of the internal 
intercostals, but conclusive data in this regard do 
not exist. 

Nerves. Like the other intercostal muscles, the 
innermost muscles are supplied by the intercostal 
nerves. 


SUBCOSTALES MUSCLES. The _ subcostal 
muscles consist of oblique muscular and 
aponeurotic fasciculi which are usually well 
developed only in the lower part of the tho- 
rax. Each arises from the inner surface of 
one rib, dorsally near its angle, and is in- 
serted onto the inner surface of the second 
or third rib below. Their fibers run in the 
same direction as those of the innermost in- 
tercostals and similarly separate the inter- 
costal vessels and nerves from the pleura. 
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Action. The subcostales probably draw adja- 
cent ribs together. With the last rib fixed by the 
quadratus lumborum, they may lower the ribs, de- 
creasing the volume of the thoracic cavity. 

Nerves. Like the intercostal muscles, the sub- 
costales are supplied by the intercostal nerves. 


TRANSVERSUS THORACIS. ‘The transversus 
thoracis muscle is a thin plane of muscular 
and tendinous fibers situated on the inner 
surface of the anterior wall of the chest (Fig. 
6-24). It arises on each side from the caudal 
third of the inner surface of the body of the 
sternum, from the inner surface of the xiph- 
oid process, and from the inner surface of 
the costal cartilages of the third through the 
sixth ribs at their sternocostal junctions. Its 
fibers diverge as they pass superiorly and 
laterally, to be inserted by slips into the cau- 
dal borders and inner surfaces of the costal 
cartilages of the second, third, fourth, fifth, 
and sixth ribs. The lowest fibers of this mus- 
cle are horizontal and are continuous with 
those of the transversus abdominis; the in- 
termediate fibers are oblique, while the 
highest fibers are almost vertical. This mus- 
cle varies in its attachments, not only in dif- 
ferent subjects, but on opposite sides of the 
same subject. 


Action. The transversus thoracis draws the 
ribs downward. 

Nerves. This muscle is also supplied by 
branches of the intercostal nerves. 


LEVATORES COSTORUM. ‘There are twelve 
levatores costorum muscles on each side of 
the posterior surface of the thoracic cage 
(Figs. 6-19 to 6-21). They are tendinous and 
fleshy bundles that arise from the ends of 
the transverse processes of the seventh cer- 
vical and upper eleven thoracic vertebrae. 
The muscles pass obliquely inferolaterally 
like the fibers of the external intercostals in 
this dorsal region, and each is inserted into 
the outer surface of the rib immediately 
below the vertebra from which it takes ori- 
gin, between the tubercle and the angle 
(levatores costarum breves). Each of the 
four most inferior muscles divides into two 
fasciculi, one of which is inserted as de- 
scribed above; the other descends to the sec- 
ond rib below its origin (levatores costarum 
longi). 
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Fig. 6-24. The posterior surface of the anterior thoracic wall viewed from within. Note the transverse thoracic muscle 
on each side, as well as the descending internal thoracic vessels from which branch the anterior intercostal arteries and 


veins. 


Action. The levatores costorum elevate the 
ribs and bend the vertebral column laterally, rotating 
it slightly toward the opposite side. 

Nerves. The levatores costorum are supplied by 
branches from the intercostal nerves. 


SERRATUS POSTERIOR SUPERIOR. This thin, 
quadrilateral muscle is situated on the dor- 
sal and upper part of the thorax. It arises by 
a thin and broad aponeurosis from the lower 
part of the ligamentum nuchae, from the spi- 
nous processes of the seventh cervical and 
first two or three thoracic vertebrae, and 
from the supraspinal ligament. Inclining in- 
feriorly and laterally, it becomes muscular 
and is inserted by four, fleshy digitations 
into the cranial borders of the second, third, 
fourth, and fifth ribs, a little beyond their 
angles. 


Action. The serratus posterior superior ele- 
vates the upper ribs. 

Nerves. This muscle is supplied by branches of 
the ventral primary divisions of the first four tho- 
racic nerves. 

Variations. There may be an increase or de- 
crease in size and number of slips or an entire ab- 
sence of the muscle. 


SERRATUS POSTERIOR INFERIOR. This thin, 
irregularly quadrilateral muscle is situated 
at the junction of the thoracic and lumbar 
regions. It is broader than the preceding 
muscle and is separated from it by about 
four ribs. The serratus posterior inferior 
arises by a thin aponeurosis from the spi- 
nous processes of the last two thoracic and 
first two or three lumbar vertebrae, and from 
the supraspinal ligament. Passing obliquely 
upward and laterally, it becomes fleshy and 


divides into four flat digitations which are 
inserted into the inferior borders of the last 
four ribs, a little lateral to their angles. The 
thin aponeurosis of origin is intimately 
blended with the thoracolumbar fascia and 
the aponeurosis of the latissimus dorsi. 


Action. The serratus posterior inferior draws 
the ribs to which it is attached outward and down- 
ward, counteracting the inward pull of the dia- 
phragm. 

Nerves. This muscle is supplied by branches of 
the ventral primary divisions of the ninth to twelfth 
thoracic nerves. 


THE DIAPHRAGM. The diaphragm is a 
dome-shaped musculofibrous septum that 
separates the thoracic from the abdominal 
cavity (Figs. 6-24; 6-25). Its convex upper sur- 
face forms the floor of the thorax, and its 
concave inferior surface forms the roof of 
the abdomen. Its peripheral part consists of 
muscular fibers that take origin from the cir- 
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cumference of the thoracic outlet and con- 
verge to be inserted into a central tendon. 

The muscular fibers may be grouped ac- 
cording to their origins into three parts— 
sternal, costal, and lumbar. The sternal part 
arises by two fleshy slips from the dorsum of 
the xiphoid process; the costal part arises 
from the inner surfaces of the cartilages and 
adjacent portions of the last six ribs on each 
side, interdigitating with the transversus ab- 
dominis; and the lumbar part arises from 
two aponeurotic arches on each side, named 
the medial and lateral arcuate ligaments, 
and from the lumbar vertebrae by two pil- 
lars or crura. The two crura are intercon- 
nected at the midline by a tendinous arch 
called the median arcuate ligament which 
lies just in front of the aorta. 

The medial arcuate ligament (medial 
lumbocostal arch) is a tendinous arch in the 
fascia covering the upper part of the psoas 
major. Medially, it is continuous with the 
lateral tendinous margin of the correspond- 
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Fic. 6-25. The diaphragm. Abdominal surface. 
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ing crus, and is attached to the side of the 
body of the first or second lumbar vertebra. 
Laterally, it is fixed to the front of the trans- 
verse process of the first, and sometimes 
also to that of the second, lumbar vertebra. 

The lateral arcuate ligament (lateral lum- 
bocostal arch) is a thickened tendinous 
band across the upper part of the quadratus 
lumborum. It is attached medially to the 
ventral surface of the transverse process of 
the first lumbar vertebra, and /Jaterally to the 
tip and inferior margin of the twelfth rib. 

The crura of the diaphragm are tendinous 
in structure, and blend with the anterior lon- 
gitudinal ligament of the vertebral column. 
The right crus, somewhat wider and longer 
than the left, arises from the anterior sur- 
faces of the bodies and intervertebral fibro- 
cartilages of the first three lumbar vertebrae, 
while the left crus arises from the corre- 
sponding parts of the first two lumbar verte- 
brae only. The medial tendinous margins of 
the crura pass anteriorly and medially, meet 
in the midline, and form the median arcuate 
ligament, which crosses the ventral aspect of 
the aorta and is often poorly defined. 

From this series of origins the fibers of the 
diaphragm converge to be inserted into the 
central tendon. The fibers arising from the 
xiphoid process are short and occasionally 
aponeurotic. Those from the medial and lat- 
eral arcuate ligaments, and more especially 
those from the ribs and their cartilages, are 
longer and describe marked curves as they 
ascend and converge to their insertion. The 
fibers of the crura diverge as they ascend, 
the most lateral being directed upward and 
laterally to the central tendon. The medial 
fibers of the right crus ascend on the left side 
of the esophageal hiatus, and occasionally a 
fasciculus of the left crus crosses the aorta 
and runs obliquely through these fibers 
of the right crus toward the vena caval fo- 
ramen. 

The central tendon of the diaphragm is a 
thin but strong aponeurosis situated near the 
center of the muscle, but somewhat closer to 
the anterior than to the dorsal part of the 
thorax, so that the dorsal muscle fibers are 
longer. The tendon is situated immediately 
below the pericardium, with which it is par- 
tially blended. It is shaped somewhat like a 
clover leaf, consisting of three divisions or 
leaflets separated from one another by slight 
indentations. The right leaflet is the largest: 
the middle is directed toward the xiphoid 


process and is the next in size; and the left is 
the smallest. In structure the tendon is com- 
posed of several planes of fibers, which in- 
tersect at various angles and unite into 
straight or curved bundles, an arrangement 
that affords considerable strength to the 
muscle. 

Diaphragmatic Openings. The diaphragm 
is pierced by a series of apertures that per- 
mit the passage of structures between the 
thorax and the abdomen. Three large open- 
ings, the aortic, the esophageal, and the vena 
caval, are found along with a series of 
smaller ones (Fig. 6-25). 

The aortic hiatus is the most inferior and 
posterior of the large apertures. It lies just to 
the left of the midline at the level of the 
twelfth thoracic vertebra. Strictly speaking, 
it is not an aperture in the diaphragm but an 
osseOaponeurotic opening between it and 
the vertebral column, and therefore behind 
the diaphragm. Occasionally some _tendi- 
nous fibers are prolonged across the bodies 
of the vertebrae from the medial parts of the 
lower ends of the crura and pass behind the 
aorta, thus converting the hiatus into a true 
fibrous ring. The hiatus is bounded anteri- 
orly by the crura and posteriorly by the body 
of the first lumbar vertebra, and through it 
pass the aorta and the thoracic duct. Usually 
the aortic hiatus also transmits a vein con- 
necting the right ascending vein to the azy- 
gos vein, while the azygos vein passes 
through the right crus. At times, however, 
the azygos vein passes through the hiatus it- 
self to the right of the aorta. 

The esophageal hiatus is elliptical in 
shape and is situated in the muscular part of 
the diaphragm at the level of the tenth tho- 
racic vertebra. It is placed superior, anterior, 
and a little to the left of the aortic hiatus, and 
transmits the esophagus, the vagus nerves, 
and esophageal branches of the left gastric 
artery and vein. 

The vena caval foramen is the most supe- 
rior of the large apertures and is situated at 
about the level of the intervertebral disc that 
lies between the eighth and ninth thoracic 
vertebrae. The opening is quadrilateral in 
shape, and is placed at the junction of the 
right and middle leaflets of the central ten- 
don, so that its margins are tendinous. It 
transmits the inferior vena cava, the wall of 
which is adherent to the margins of the fora- 
men and some branches of the right phrenic 
nerve. 


Of the lesser apertures, two in the right 
crus transmit the greater and lesser right 
splanchnic nerves, while three in the left 
crus give passage to the greater and lesser 
left splanchnic nerves and the hemiazygos 
vein. The ganglionated sympathetic chains 
usually enter the abdominal cavity behind 
the diaphragm and deep to the medial arcu- 
ate ligaments. 

On each side two small intervals exist at 
which the muscular fibers of the diaphragm 
are deficient and are replaced by areolar 
tissue. One, between the sternal and cos- 
tal parts, transmits the superior epigastric 
branch of the internal thoracic artery and 
some lymphatics from the abdominal wall 
and the convex surface of the liver. The 
other, between fibers springing from the 
medial and lateral arcuate ligaments, is less 
constant. When this interval does exist, the 
upper posterior part of the kidney is sepa- 
rated from the pleura by areolar tissue only. 


Action. Acting from their attachments on the 
ribs and lumbar vertebrae, the muscle fibers of the 
diaphragm draw the central tendon downward and 
forward during inspiration. This action has two ef- 
fects: (1) it tends to increase the volume and de- 
crease the pressure within the thoracic cavity, and 
(2) it tends to decrease the volume and increase the 
pressure within the abdominal cavity. During inspi- 
ration, lowering of the diaphragm decreases the 
pressure within the thorax, and air is forced into the 
lungs through the open glottis of the larynx by the 
higher pressure of the atmosphere. At the same 
time, the descending diaphragm presses against the 
abdominal viscera, forcing them downward against 
the passive resistance of the abdominal and pelvic 
muscles, and causing the anterior abdominal wall to 
protrude slightly. 

The pressure within the abdominal cavity is 
greatly increased when the abdominal muscles and 
the diaphragm contract actively at the same time. 
This increase in pressure tends to make the abdomi- 
nal or pelvic viscera discharge their contents as in 
micturition, defecation, emesis, and parturition. 

Nerve. The diaphragm is innervated by the 
phrenic nerve from the cervical plexus, containing 
mainly fibers from the fourth, but also some from 
the third and fifth cervical nerves. 

Variations. The sternal portion of the diaphragm 
is sometimes absent, and more rarely defects oc- 
cur in the lateral part of the central tendon or adjoin- 
ing muscle fibers. 

Movements of Respiration. The respiratory 
cycle of inspiration and expiration is the result of 
increases and decreases in the capacity of the tho- 
racic cavity. Inspiration, which ts the correlate of an 
increase in the volume of the cavity, results from 


FASCIAE AND MUSCLES OF THE TRUNK 481 


muscular action and is brought about in two ways: 
(1) by the descent of the diaphragm due to contrac- 
tion of its muscle, which increases the vertical di- 
mension of the thorax and (2) by the action of cer- 
tain muscles on the ribs, sternum, and vertebral 
column which increases the transverse and antero- 
posterior dimensions of the thorax. Expiration, as- 
sociated with a decrease in the volume of the tho- 
racic Cavity, is primarily a passive process due to the 
elastic recoil of the thoracic wall and the tissues of 
the lungs and bronchi. Thoracic volume may also 
decrease, however, as the result of muscular action, 
in which case (1) the abdominal muscles force the 
diaphragm upward by increasing the abdominal 
pressure, and (2) the thoracic wall is actively con- 
tracted by the action of certain muscles on the ribs 
and vertebral column. 

Quiet inspiration results from diaphragmatic 
contraction which increases the vertical diameter of 
the thoracic cavity. The first and second ribs remain 
fixed by the inertia and resistance of the cervical 
structures, but the remaining ribs, except the last 
two, are brought upward toward them by the con- 
traction of the external intercostal muscles. The 
upward motion of the ribs, due to their position and 
to the obliquity of their axis of rotation, enlarges the 
anteroposterior and transverse diameters of the tho- 
rax. Thus, quiet inspiration consists of both dia- 
phragmatic and costal components. Diaphragmatic 
breathing is also called abdominal because the visi- 
ble result of contraction of the diaphragm ts protru- 
sion of the abdominal wall. To contrast with this, 
costal breathing has also been called thoracic 
breathing. 

In the newborn child, the ribs are virtually hori- 
zontal and, therefore, are already in the position of 
full inspiration. Breathing in the baby its entirely de- 
pendent upon diaphragmatic action and abdominal 
movements may easily be perceived. As the child 
develops, the ribs become more oblique, and costal 
movements with respiration result tn the develop- 
ment of thoracic breathing. In the adult, both ab- 
dominal and thoracic breathing are observed, but 
one or the other may predominate. Breathing pat- 
terns can be altered with training and exercise. 

Electromyographic studies indicate that both ex- 
ternal and internal intercostal muscles are slightly 
active during quiet inspiration, but have no rhythmic 
increase and decrease, acting more to keep the ribs 
in a constant position than to expand the thorax. The 
scalene muscles, however, do show rhythmic activ- 
ity (Jones, Beargie and Pauly, 1953). 

Quiet expiration follows the relaxation of the in- 
Spiratory muscles, and the normal resting position of 
the thorax is that seen at the end of a quiet expira- 
tion. This position is restored without muscular ef- 
fort by the recoil of structures that were displaced by 
the inspiratory act. The displacement of the anterior 
abdominal wall is overcome by the tonus of the ab- 
dominal muscles. The ribs are restored from their 
displacement by the elasticity of the ligaments and 
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cartilages that hold them in place. The extensive net- 
work of elastic fibers that permeates lung tissue re- 
tracts the lungs. The bronchial tree, which has been 
elongated by the descent of the diaphragm, helps to 
return the lungs to their resting position by its elastic 
recoil. 

Deep inspiration requires the intensification of all 
the actions seen in quiet inspiration. Additionally, 
the first two ribs are raised by the scalene and 
sternocleidomastoid muscles, and the remaining 
ribs are raised more forcibly by the actions of the 
levatores costarum and the serratus posterior supe- 
rior. The ribs are further elevated by a straightening 
of the vertebral column through contraction of the 
erector spinae muscle. After the abdominal viscera 
have been forced downward by the diaphragm to a 
considerable extent, the abdominal muscles offer 
resistance to further displacement. The viscera then 
may act as a point of fixation for the diaphragm, so 
that any further contraction raises the ribs. 

Forced inspiration is observed in patients with 
great air hunger, and all the muscles of the body 
seem to coordinate to assist in breathing. The leva- 
tor scapulae, the trapezius, and the rhomboids ele- 
vate and fix the scapula, which is then used as an 
Origin by the pectoralis minor to draw the ribs up- 
ward. The patient frequently further fixes the shoul- 
der girdle by grasping the back of a chair or end of 
the bed, so that the pectoralis major and the serratus 
anterior further elevate the ribs for a greater inspira- 
tory effort. 

Forced expiration, such as that necessary for 
sneezing and coughing, unlike quiet expiration, re- 
quires the action of muscles. The last two ribs are 
pulled downward and fixed by the quadratus 
lumborum, and the other ribs are also drawn down- 
ward by the internal intercostals and the serratus 
posterior inferior muscles. The muscles of the ab- 
dominal wall, by pressing on the abdominal viscera, 
force the diaphragm upward, and by flexing the ver- 
tebral column, assist in lowering the ribs. 

Position of the Diaphragm. The height of 
the diaphragm is constantly changing during respi- 
ration, and it also varies with the degree of disten- 
sion of the stomach and the intestines and with the 
size of the liver. After a forced expiration, the right 
cupola of the diaphragm is on a level anteriorly with 
the fourth costal cartilage, laterally with the fifth, 
_ sixth, and seventh ribs, and posteriorly with the 
eighth rib. The left cupola is a little lower than the 
right. The absolute range of movement of the dia- 
phragm between deep inspiration and deep expira- 
tion averages in both males and females 30 mm on 
the right side and 28 mm on the left. In quiet respi- 
ration, the average movement is 12.5 mm on the 
right side and 12 mm on the left. 

Radiography shows that the height of the dia- 
phragm in the thorax varies considerably with the 
position of the body. It stands highest when the 
body is horizontal and the patient on his back, and in 
this position the diaphragm performs the largest res- 


piratory excursions with normal breathing. When 
the body is erect, the dome of the diaphragm de- 
scends and its respiratory movements become 
smaller. The dome falls still lower when the sitting 
posture is assumed, and in this position, diaphrag- 
matic excursions are the smallest. These facts ex- 
plain why patients suffering from severe dyspnea are 
most comfortable and least short of breath when 
they sit up. When the body is horizontal and the 
patient on his side, the two halves of the diaphragm 
do not behave alike. The uppermost half sinks to a 
level lower than that when the patient sits, and 
moves little with respiration; the lower half rises 
higher in the thorax than it does when the patient is 
supine, and its respiratory excursions are greatly in- 
creased. In unilateral disease of the pleura or lungs, 
analogous interference with the position or move- 
ment of the diaphragm can generally be observed 
radiographically. 

The position of the diaphragm in the thorax de- 
pends on three main factors: (1) the elastic retrac- 
tion of the lung tissue, which tends to pull it upward; 
(2) the pressure exerted on its inferior surface by the 
viscera, which naturally tends to be a negative pres- 
sure or downward suction, when the patient sits or 
stands, and positive or upward pressure, when he 
reclines; (3) the intra-abdominal tension due to the 
abdominal muscles. 

The following figures represent the average tho- 
racic changes that occur during deepest possible 
inspiration. The manubrium sterni moves 30 mm in 
an upward and 14 mm in a forward direction; the 
width of the subcostal angle is increased by 26 mm 
at a level of 3 cm below the articulation between the 
body of the sternum and the xiphoid process; the 
umbilicus is retracted and drawn upward for a dis- 
tance of 13 mm. 

Diaphragmatic Hernias. At times abnormal 
Openings in the diaphragm allow abdominal viscera 
to herniate into the thorax. The most common con- 
genital diaphragmatic hernia results from an in- 
complete separation of the pleural and peritoneal 
Cavities in the posterolateral region of the dia- 
phragm. This occurs more frequently on the left than 
the right (Butler and Claireaux, 1962; Gray and 
Skandalakis, 1972), and allows the small intestine 
or other organs to enter the thorax through the in- 
completely closed pleuroperitoneal canal (of Boch- 
dalek).! 

Most acquired diaphragmatic hernias occur at 
the esophageal hiatus (hiatal hernia). In this condi- 
tion the upper end of the stomach herniates into the 
thorax, so that it “‘slides’’ for some distance up 
and down through the esophageal hiatus. In other 
hiatal hernias, the cardiac end of the stomach may 
herniate into the thorax and carry with it the lower 
esophagus, thereby producing a U-shaped redun- 
dancy of the lower esophagus. 


‘Vincent A. Bochdalek (1801-1883): A Czechoslovakian 
anatomist (Prague). 
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The muscles of the abdomen may be di- 
vided into two groups: the anterolateral 
muscles and the posterior muscles. 


Anterolateral Abdominal Muscles 


Obliquus externus abdominis 
Obliquus internus abdominis 
Cremaster 

Transversus abdominis 
Rectus abdominis 
Pyramidalis 


SUPERFICIAL ABDOMINAL FASCIA 


The superficial fascia (Fig. 6-28) of the an- 
terior abdominal wall is soft and movable, 
and likely to contain fat. It is continuous, su- 
periorly, with the superficial fascia of the 
thorax; inferiorly, with that of the thigh and 
external genitalia; and Jaterally, it gradually 
becomes tougher and more resistant as it 
continues as the fascia of the back. Below 
the umbilicus the superficial fascia is unusu- 
ally easy to separate into superficial and 
deep layers. Between the two layers are 
found the superficial vessels and nerves and 
the superficial lymph nodes. This uncom- 
mon divisibility and certain other peculiar 
features require that the two layers be de- 
scribed separately. 

SUPERFICIAL LAYER (FASCIA OF CAMPER’). 
The superficial layer is thick, areolar in tex- 
ture, and contains a variable amount of fat. 
It is a genuine panniculus adiposus, and may 
be several centimeters thick in obese indi- 
viduals, in which case it also is likely to be 
irregularly divisible into laminae. It is con- 
tinuous over the inguinal ligament with a 
similar and corresponding layer of the thigh. 
In the male, it continues down on the penis 
and scrotum, loses its fat and fuses with the 
deep layer. It assists in the formation of a 
special pale reddish fascia of these genital 
organs called the dartos, which also contains 
some nonstriated muscle fibers. In the fe- 
male, it retains some adipose tissue as it is 
continued into the labia majora. In both 
sexes, it is prolonged dorsally in the crease 
between the external genitalia and the thigh 


‘Petrus Camper (1722-1789): A Dutch physician and 
anatomist (Groningen). 
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and becomes continuous with the outermost 
layer of superficial fascia in the perineum 
and medial surface of the thigh. 

DEEP LAYER (FASCIA OF SCARPA’). The deep 
laver of superficial fascia is a membranous 
sheet that usually contains little or no adi- 
pose tissue. It is composed, in considerable 
part, of yellow elastic fibers, and probably 
corresponds to the tunica abdominalis, an 
elastic layer that contributes to the support 
of the inguinal mammae in some lower 
mammals. It forms a continuous sheet across 
the midline, but attaches to the linea alba as 
it crosses. Superiorly and laterally, it loses 
its identity as a special layer of the superfi- 
cial fascia of the upper abdomen and back. 
Inferiorly, it passes over the inguinal liga- 
ment and is securely attached, either to the 
ligament itself or to the fascia lata of the 
thigh just beyond it. Inferior to the ligament, 
a corresponding layer, called the fascia 
cribrosa, covers and fills an opening, the 
fossa ovalis, for the passage of the great sa- 
phenous vein, where it enters the femoral 
vein. At the medial end of the inguinal liga- 
ment, Scarpa’s fascia passes over the super- 
ficial inguinal ring without being attached 
and continues into the penis and scrotum. It 
continues along the crease between the scro- 
tum (or labium majus) and thigh into the 
perineum where it is called the fascia of Col- 
les.’ As the superficial fascia courses deep to 
the skin of the scrotum and penis, its two 
layers are fused to form the dartos. Because 
the dartos also contains a layer of scattered 
smooth muscle cells, the scrotal skin is 
thrown into folds or rugae. In the midline 
over the symphysis pubis, Scarpa’s fascia is 
thickened in the male by the addition of 
numerous closely set, strong bands which 
extend down to the dorsum and sides of the 
penis, forming the fundiform ligament of the 
penis. 

The fascial cleft that separates the deep 
layer of the superficial fascia (Scarpa’s) from 
the true deep fascia over the caudal portion 
of the aponeurosis of the obliquus externus 
muscle is quite definite and of considerable 
clinical interest because of its continuity 
with a similar cleft in .the perineum. Thus, 


?Antonio Scarpa (1747-1832): A Venetian anatomist and 
ophthalmologist (Pavia). 

3 Abraham Colles (1773-1843): An Irish surgeon and anat- 
omist (Dublin). 
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the possibility exists that extravasated urine 
from a ruptured urethra in the perineum can 
find its way into the scrotum, deep to the 
dartos, and then onto the anterior abdominal 
wall deep to Scarpa’s fascia. 

This fascial cleft is limited superiorly near 
the umbilicus because the superficial fascia 
(Scarpa’s) becomes adherent to the deep fas- 
cia, and laterally because Scarpa’s fascia 
attaches closely to the muscular portion of 
the external oblique. The cleft is limited, in- 
feriorly and laterally, by the firm attachment 
of Scarpa’s fascia either to the inguinal liga- 
ment or to the fascia lata just below it. Over 
the medial portion of the inguinal ligament 
and the superficial inguinal ring, however, 
Scarpa’s fascia and the deep fascia are not 
attached, so that the cleft follows along the 
narrow crease between the scrotum (or la- 
bium) and thigh, and is continuous with the 
cleft between the superficial fascia of the 
perineum (Colles’) and the deep fascia, 
called the inferior fascia of the urogenital 
diaphragm or the perineal membrane. From 
this groove, it is continuous medially with 
the cleft beneath the movable dartos of the 
scrotum and penis, but the cleft is abruptly 
limited laterally by an attachment to the 
dleep fascia over the pubic ramus where the 
adductor muscles of the medial thigh origi- 
nate. In obese individuals there may be ac- 
cumulations of fat in the cleft deep to Scar- 
pa's fascia. The superficial epigastric and 
superficial circumflex iliac blood vessels lie 
between Camper’s and Scarpa’s fasciae, but 
are attached to the superficial surface of 
Scarpa’s layer. 


DEEP ABDOMINAL FASCIA 


The outer investing layer of deep fascia is 
easily identified in the lateral portion of the 
anterior abdominal wall where it covers the 
fleshy fibers of the external oblique muscle. 
It is continuous with the deep fascia cover- 
ing the latissimus dorsi and pectoralis major. 
More medially, over the aponeurosis of the 
external oblique, the deep fascia is so firmly 
adherent that it may escape recognition. Its 
presence is easily demonstrated in dissec- 
tion, however, by scraping it back until the 
glistening fibers of the aponeurosis beneath 
are revealed. Superiorly, it covers the upper 
end of the rectus sheath and is continuous 
with the pectoral fascia. Inferiorly, it is 


firmly attached to the inguinal ligament and 
joins the deep fascia emerging from beneath 
that ligament to become the fascia lata of the 
thigh. It covers the superficial inguinal ring 
as a distinct and separate layer, and there, 
reinforced by the fascia of the inner surface 
of the external oblique aponeurosis, gives 
rise to a tubular prolongation, the external 
spermatic fascia, which is the coat of the 
spermatic cord and testis just deep to the 
dartos. Near the midline, the deep fascia is 
attached to the pubic bone and is then con- 
tinuous with deep fascia investing the penis. 
At the lower end of the linea alba, the deep 
fascia ts thickened into a strong, fibrous tri- 
angle, the suspensory ligament of the penis, 
which attaches the dorsum of the penis to 
the symphysis pubis and arcuate pubic liga- 
ment. At the medial end of the inguinal liga- 
ment, it is attached to the pubic ramus and 
arcuate pubic ligament and is then continu- 
ous posteriorly, over the ischiocavernosus 
muscle, with the deep fascia of the peri- 
neum. Laterally, beyond its attachment to 
the pubic ramus, it is continuous with the 
fascia covering the adductor muscles of the 
medial side of the thigh. 


MUSCLES 


OBLIQUUS EXTERNUS ABDOMINIS. The ex- 
ternal oblique muscle, situated on the lateral 
and anterior parts of the abdomen, is the 
largest and the most superficial of the three 
flat muscles in this region (Fig. 6-26). It is 
broad, thin, and irregularly quadrilateral, 
and its muscular portion occupies the lateral 
wall of the abdomen, while its aponeurosis 
stretches across the anterior abdominal wall. 
It arises by eight fleshy digitations from the 
external surfaces and inferior borders of the 
lower eight ribs. These digitations are ar- 
ranged sequentially and form an oblique 
line that runs downward and backward; the 
cranial ones are attached close to the car- 
tilages of the corresponding ribs, the inter- 
mediate ones to the ribs at some distance 
from their cartilages, and the most caudal to 
the apex of the cartilage of the last rib. The 
five superior digitations increase in size 
from above downward and are received be- 
tween corresponding muscular slips of the 
serratus anterior. The three lower ones di- 
minish in size from above downward and 
receive between them corresponding mus- 


cular digitations from the latissimus dorsi. 
From these attachments, the fleshy fibers 
proceed in a diverging manner to their inser- 
tions. The fasciculi from the last two ribs are 
nearly vertical and are inserted into the an- 
terior half of the outer lip of the iliac crest; 
the upper and middle fasciculi, directed 
downward and forward, terminate in a 
broad aponeurosis along a line extending 
from the prominence of the ninth costal car- 
tilage to the anterior superior iliac spine. 


Action. The obliquus externus abdominis 
compresses the abdominal contents and assists In 
micturition, defecation, emesis, parturition, and 
forced expiration. Both sides acting together flex the 
vertebral column by drawing the pubis toward the 
xiphoid process. One side alone bends the vertebral 
column laterally and rotates it, bringing the shoulder 
of the same side forward. 

Nerves. This muscle is supplied by branches of 
the seventh to twelfth intercostal nerves. 


Aponeurosts of Obliquus Externus Abdom- 
ints. The aponeurosis of the external 
oblique muscle is a_ strong membrane 
formed by tendinous bundles in continuity 
with the muscle fibers of the external 
oblique. Initially, the aponeurotic fibers 
course downward and medially, covering 
the entire ventral surface of the abdomen 
and lying superficial to the rectus abdominis 
muscle, thereby helping to form its sheath. 
The fibers of the aponeurosis on each side 
are arranged in two layers, superficial and 
deep, which pass obliquely, perpendicular to 
each other. Additionally, as the aponeurotic 
fibers cross the midline, they interlace with 
those of the opposite side in such a manner 
that the superficial fibers of one side extend 
as the direct continuation of the fibers of the 
deep layer of the opposite external oblique 
aponeurosis (Rizk, 1976). As the fibers pass 
across the midline, their sites of intersection 
form the linea alba, which extends from the 
xiphoid process to the symphysis pubis. The 
uppermost part of the aponeurosis serves as 
the origin for the inferior fibers of the pecto- 
ralis major. The lowermost portion ends in a 
tendinous border called the inguinal liga- 
ment. Although it is aponeurotic rather than 
ligamentous in function, it extends from the 
anterior superior spine of the ilium at its 
superolateral end to the pubic tubercle 
inferomedially (Figs. 6-26 to 6-31). Near its 
medial end, the free border is curled under 
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like a sling to support the spermatic cord. Its 
attachment to the pubic bone is fanned out 
along the pectineal line beyond the pubic 
tubercle to leave a crescentic, free border 
named the lacunar ligament (Fig. 6-27). In a 
small percentage of cases, other fibers may 
double back superiorly toward the linea 
alba deep to the main aponeurosis in a small 
triangular sheet called the reflected inguinal 
ligament. The tendinous bundles of the apo- 
neurosis just above the inguinal ligament 
separate from each other at the pubic tuber- 
cle, leaving a narrow triangular opening 
called the superficial inguinal ring, through 
which passes the spermatic cord in a male or 
the round ligament in a female. The bundles 
bordering the ring are called the superior 
and inferior crura. Lateral to the opening the 
aponeurosis contains, in addition to the bun- 
dles running in the usual direction, some 
scattered, transverse, reinforcing strands 
that sweep superiorly and toward the mid- 
line in curved lines. These are called inter- 
crural fibers. They are part of the aponeuro- 
sis and should not be confused with the 
intercrural fascia. In the foregoing descrip- 
tion the aponeurosis has been treated as if it 
belonged solely to the external oblique mus- 
cle. This is advantageous for the presenta- 
tion of the subcutaneous inguinal ring and 
associated structures, but it gives an incom- 
plete picture because the aponeurosis serves 
also as the insertion of the internal oblique 
and transversus muscles, and it contributes, 
as well, to the formation of the sheath for the 
rectus abdominis muscle. 

Inguinal Ligament. This ligament, formed 
by the lower border of the aponeurosis of 
the external oblique muscle, extends from 
the anterior superior iliac spine to the pubic 
tubercle. Its lateral half is firmly attached to 
a band in the iliac fascia where the latter is 
fused with the fascia innominata and trans- 
versalis fascia and continues into the thigh 
as the fascia lata. The medial portion of the 
ligament is a free border, and the femoral 
sheath and vessels pass deep to it on their 
way into the thigh. The medial fibers of the 
ligament curl under the adjacent aponeuro- 
sis to reach their insertion into the pectineal 
fascia and pubic bone lateral to the tubercle, 
thereby forming a narrow sling for support 
of the spermatic cord. The curved free bor- 
der at this attachment is named the lacunar 
ligament (Fig. 6-27). At their attachment 
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FiG. 6-26. The obliquus externus abdominis muscle. 


some fibers of the lacunar ligament continue 
lateralward along the pectineal line, produc- 
ing a strong tendinous ridge called the pec- 
tineal (Cooper’s') ligament (Fig. 5-31). 
Lacunar Ligament. The lacunar ligament 
(Figs. 5-31; 6-27) is that part of the medial end 
of the inguinal ligament which is rolled 
under the spermatic cord and is attached 
along the pectineal fascia just lateral to the 
pubic tubercle. When it is viewed through 
the superficial inguinal ring, after the sper- 
matic cord has been removed, the lacunar 
ligament appears to be a triangular fibrous 


‘Sir Astley Paston Cooper (1768-1841): An English anat- 
omist and surgeon (London). 


membrane. Its crescentic free margin forms 
the base of the triangular membrane. and it 
is concave laterally. Its apex is directed 
medially at the pubic tubercle (Fig. 6-27), 
and the ligament measures slightly less than 
two centimeters from apex to base. It lies 
almost horizontally when the body is erect, 
and the spermatic cord rests on its superior 
surface. Against its concave lateral border 
lies the medial wall of the femoral canal. 
The strong fibrous pectineal ligament ex- 
tends from the base of the lacunar ligament 
along the pecten pubis. 

Retlected (Inguinal) Ligament. ‘The re- 
flected ligament (Figs. 6-27: 6-30) is a triangu- 
lar, tendinous sheet, 2 or 3 cm wide, extend- 
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Fic. 6-27. The aponeurosis of the obliquus externus abdominis and the ligaments of the inguinal region. (Redrawn 


from Eisler.) 


ing from the medial part of the inguinal ring 
to the linea alba. The fibers arise from the 
attachment of the inguinal ligament to the 
pectineal line and course upward and medi- 
ally, deep to the main aponeurosis of the ex- 
ternal oblique, and interlace with the fibers 
of that aponeurosis in the linea alba. The re- 
flected ligament may be independent, but 
more often it is fused either with the apo- 
neurosis of the external oblique or with the 
falx inguinalis, which lies deep to it. Fre- 
quently it is entirely lacking. 

Superficial Inguinal Ring. The superficial 
inguinal ring (Figs. 6-26 to 6-28) is the open- 
ing in the aponeurosis of the external 
oblique just above and lateral to the pubic 
crest. This aperture is narrow and triangular, 
pointing laterally and superiorly in the di- 
rection of the fibers of the aponeurosis. The 
base of the triangular opening is at the crest 
of the pubis, while the sides form the mar- 
gins of the aperture in the aponeurosis and 
are called the crura of the ring. The lateral 
(inferior) crus is the stronger and is formed 
by the portion of the inguinal ligament that 
is attached to the pubic tubercle; it is curved 
and turned under into a narrow sling upon 
which the spermatic cord rests. The medial 
(superior) crus is thin and flat, and repre- 
sents merely the part of the aponeurosis next 
to the opening; its descending fibers are at- 


tached to the front of the symphysis pubis. 
Reinforcing the superficial inguinal ring lat- 
erally are arching bands of intercrural fibers, 
which are part of the aponeurosis and 
course at right angles to the aponeurotic fi- 
bers forming the medial and lateral crura 
(Figs. 6-27; 6-28). The triangular hiatus in the 
aponeurosis is converted by fascia into an 
oval ring, 2.5cm long and 1.25 cm wide. The 
fascia on the superficial surface of the apo- 
neurosis fuses with the fascia on its deep 
surface, filling in the angular, lateral portion 
of the opening. A tubular prolongation of 
this fascia is continued down into the scro- 
tum, enclosing the spermatic cord and testis 
in a sheath called the external spermatic fas- 
cia. The superficial inguinal ring gives pas- 
sage to the ilioinguinal nerve in both sexes, 
as well as to the spermatic cord in males or 
the round ligament of the uterus in females. 
The ring is larger in men than in women. 
Pectineal Ligament. ‘The pectineal liga- 
ment (of Cooper) is a narrow band of strong 
aponeurotic fibers that continues laterally 
from the lacunar ligament along the pectineal 
line of the pubis (pecten pubis). It is firmly 
attached to the bone along this line and its 
medial end is continuous with the lacunar 
ligament. It diminishes in size gradually 
toward its lateral extremity at the _ ilio- 
pectineal eminence. It is aponeurotic rather 
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Fic. 6-28. The superficial inguinal ring. 


than fascial in origin, and to it are attached 
parts of the iliopectineal, pectineal, and 
transversalis fasciae. It serves well as a site 
for the attachment of sutures in the repair of 
femoral hernias and, at times, even of ingui- 
nal hernias. 

OBLIQUUS INTERNUS ABDOMINIS. The in- 
ternal oblique muscle (Figs. 6-29; 6-30), situ- 
ated in the lateral and ventral part of the 
abdominal wall, is of an irregularly quadri- 
lateral form, and is smaller and thinner than 
the external oblique under which it lies. It 
arises by fleshy fibers from the lateral half of 
the inguinal ligament and the nearby iliac 
fascia, from the anterior two-thirds of the 
middle lip of the iliac crest, and from the 
lower portion of the posterior layer of the 
thoracolumbar fascia near the crest. The 
posterior fasciculi pass upward and laterally 
to be inserted into the inferior borders of the 
cartilages of the last three or four ribs by 
fleshy digitations which appear to be contin- 
uations of the internal intercostal muscles. 
The remainder of the fasciculi, which arises 
from the iliac crest, diverges as it spreads 


over the side of the abdomen and, in the re- 
gion of the linea semilunaris, terminates in 
an aponeurosis that fuses with the aponeu- 
roses of the externus and the transversus at a 
variable distance from the midline. The fi- 
bers of the aponeurosis assist in the forma- 
tion of the rectus sheath, and in the upper 
two-thirds of the anterior abdominal wall, 
some of the aponeurosis passes ventrally 
and some dorsally to the rectus abdominis 
muscle. Over the lower one-third of the ab- 
domen, the entire aponeurosis of the inter- 
nal oblique passes anterior to the rectus 
muscle, since the posterior part of the rectus 
sheath is wanting at this level. The fasciculi 
arising from the inguinal ligament are less 
compact and of paler color. Descending, 
they form an arch over the spermatic cord in 
the male or the round ligament in the female. 
These muscle fibers terminate in a tendinous 
sheet, which they share with the others from 
the transversus muscle. This sheet is not 
fused with the aponeurosis of the externus, 
but independently is inserted into the pubis 
and medial part of the pectineal line, behind 
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Fic. 6-29. The obliquus internus abdominis muscle. 


the lacunar ligament, where it becomes the 
conjoined tendon (inguinal falx). 


Action. The obliquus abdominis internus 
compresses the abdominal contents, assisting in 
micturition, defecation, emesis, parturition, and 
forced expiration, Both sides acting together flex the 
vertebral column, drawing the costal cartilages 
downward toward the pubis. One side acting alone 
bends the vertebral column laterally, rotating it and 
bringing the shoulder of the opposite side anteriorly. 

Nerves. The internal oblique is supplied by 
branches of the eighth to twelfth intercostal 
nerves and by the iliohypogastric and ilioinguinal 
branches of the first lumbar nerve. 

Variations. Occasionally, tendinous inscriptions 
to the internal oblique muscle occur from the 
tips of the tenth or eleventh cartilages or even from 
the ninth. An additional slip to the ninth cartilage is 
sometimes found, and separation between iliac and 
inguinal parts of the internal oblique may occur. 


CREMASTER MUSCLE. The cremaster (Figs. 
6-29; 6-30) is a thin muscular layer whose 


fasciculi are separate and spread out over 
the spermatic cord in a series of loops. It 
arises from the middle of the inguinal liga- 
ment as a continuation of the internal 
oblique muscle, with some attachments also 
from the transversus, and is inserted by a 
small pointed tendon into the tubercle and 
crest of the pubis and into the front of the 
sheath of the rectus abdominis. The fasciculi 
form a compact layer as they lie within the 
inguinal canal. After passing through the 
superficial inguinal ring, the muscle fibers 
form a series of loops, the longest of which 
extends down as far as the testis, and these 
are attached to the tunica vaginalis. The in- 
tervals between the loops are occupied by 
fascia, called the cremasteric fascia, which 
is a fused continuation of the fasciae over 
the deep and superficial surfaces of the in- 
ternal oblique. The muscular loops and the 
fascia together form a single layer, which 
constitutes the middle fascial tunic of the 
spermatic cord. 
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Fig. 6-30. The cremaster, inguinal falx, and reflected 
inguinal ligament. 


Action. The cremaster muscle draws the testis 
up toward the superficial inguinal ring. 

Nerve. The cremaster muscle is supplied by the 
genital branch of the genitofemoral nerve, which is 
derived from the first and second lumbar nerves. 


TRANSVERSUS ABDOMINIS. The transversus 
abdominis muscle (Figs. 6-31; 6-32) derives 
its name from the direction of its fibers. It is 
the most internal of the flat muscles of the 
abdomen, being placed immediately deep to 
the internal oblique. It arises by fleshy fibers 
from the lateral third of the inguinal liga- 
ment, from the anterior three-fourths of the 
inner lip of the iliac crest, from the thoraco- 
lumbar fascia between the iliac crest and the 
twelfth rib, and from the inner surface of the 
cartilages of the last six ribs. The origin from 
the ribs is by means of digitations, which are 
separated from similar digitations of the dia- 
phragm by a narrow fibrous raphe. Viewed 
from the interior of the abdomen, the two 
muscles appear to be components of a single 
stratum of muscle (Fig. 6-24). The fasciculi of 
the transversus, except the most inferior. 
pass horizontally across the abdominal wall 


and terminate in an aponeurosis that fuses 
with the aponeurosis of the internal oblique. 
These join the aponeurosis of the opposite 
side to form the insertion of the muscle into 
the linea alba. The aponeurosis of the trans- 
versus muscle assists in the formation of the 
sheath of the rectus abdominis as follows: 
the upper three-quarters of the aponeurosis 
of the transversus pass entirely posterior 
to the rectus muscle, and contribute to the 
formation of its posterior sheath. The lower 
one-quarter, beyond a curved fibrous border 
called the arcuate line, approximately half 
way between the umbilicus and the pubis, 
passes entirely anterior to the rectus abdom- 
inis muscle. The fasciculi of the lowest por- 
tion of the muscle pass downward and medi- 
ally and terminate as the conjoined tendon 
along with the lowest fasciculi of the inter- 
nal oblique. Inferiorly, the muscle presents a 
free border that forms an arch extending 
from the lateral part of the inguinal ligament 
to the pubis, a short distance above the deep 
inguinal ring and spermatic cord. 


Action. The transversus abdominis constricts 
the abdomen, compressing the contents and assist- 
ing in micturition, defecation, emesis, parturition, 
and forced expiration. 

Nerves. The transversus abdominis muscle is 
supplied by branches of the seventh to twelfth in- 
tercostal nerves and by the iliohypogastric and 
ilioinguinal branches of the first lumbar nerve. 

Variations. The transversus abdominis may be 
more or less fused with the internal oblique or may 
be absent. The spermatic cord may pierce its lower 
border. Slender muscle slips may be found from the 
iliopectineal line to the transversalis fascia, the apo- 
neurosis of the transversus abdominis, or the outer 
end of the arcuate line. 


Conjoined Tendon (Inguinal Falx). The 
conjoined tendon (Figs. 6-29 to 6-32) is the 
inferior terminal portion of the common 
aponeurosis of the internal oblique and 
transversus abdominis muscles. It is inserted 
into the crest and pecten of the pubis imme- 
diately deep to the superficial inguinal ring, 
giving strength from behind to a potentially 
weak point in the anterior abdominal wall. 
There is a wide variation in its width, 
strength, composition, and degree of union 
with neighboring aponeurotic and fascial 
structures. It may be narrow with a high 
arch, scarcely reaching the lateral part of the 
superficial inguinal ring, or it may be a 
broad, strong band, arching close to the in- 
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Fic. 6-31. The transversus abdominis, rectus abdominis, and pyramidalis. 


guinal ligament, and greatly reinforcing the 
abdominal wall in the region of the ring. In 
many cases it could be called the conjoined 
muscle instead of the conjoined tendon be- 
cause the muscular fasciculi continue almost 
to the pubis. Frequently it is intimately fused 
with the reflected inguinal ligament, which 
lies between it and the aponeurosis of the 
external oblique. It may be reinforced on its 
deep surface by a lateral fascial expansion 
of the lowermost part of the rectus tendon 
called Henle’s ligament.! 


'Friedrich Gustav Jacob Henle (1809-1885): A German 
anatomist and pathologist (Gottingen). 


RECTUS ABDOMINIS. The rectus abdominis 
(Figs. 6-31; 6-32) is a long flat muscle that ex- 
tends along the whole length of the ventral 
aspect of the abdomen. It is broader but 
thinner superiorly, and is separated from its 
fellow of the opposite side by the linea alba. 
It arises inferiorly by two tendons. The lat- 
eral tendon of origin is the larger and it is 
attached to the crest of the pubis, while the 
medial tendon interlaces with its fellow of 
the opposite side and is connected with the 
ligaments covering the front of the symphy- 
sis pubis. The muscle is inserted by three 
fascicles of unequal size into the cartilages 
of the fifth, sixth, and seventh ribs. The su- 
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Fic. 6-32. The interfoveolar ligament, ventral aspect. The spermatic cord passes through the deep inguinal ring lateral 


to the ligament. (Modified from Braune.) 


perior fascicle, attached principally to the 
cartilage of the fifth rib, usually has some 
fibers of insertion into the ventral extremity 
of the rib itself. Some fibers are occasionally 
attached to the costoxiphoid ligaments, and 
to the side of the xiphoid process. 

The rectus abdominis muscle is crossed by 
fibrous bands, three in number, which are 
named the tendinous intersections. One in- 
tersection is usually situated opposite the 
umbilicus, one at the free extremity of the 
xiphoid process, and the third about mid- 
way between the xiphoid process and the 
umbilicus. These inscriptions pass trans- 
versely or obliquely across the muscle in a 
zigzag course. They rarely extend com- 
pletely through its substance and may pass 
only halfway across it, and they are intimat- 
ely adherent to the sheath of the muscle an- 
teriorly. Sometimes one or two additional 
inscriptions, generally incomplete, are pres- 
ent below the umbilicus. 


Action. The rectus abdominis flexes the verte- 
bral column, particularly the lumbar portion, draw- 
ing the sternum toward the pubis. It also tenses the 
anterior abdominal wall and assists in compressing 
the abdominal contents. 

Nerves. The rectus abdominis is innervated by 
branches of the seventh to twelfth intercostal 
nerves. The seventh supplies the portion above the 
first tendinous intersection, the eighth innervates the 


portion between the first and second intersections, 
and the ninth the portion between the lower two in- 
tersections. 

Variations. The rectus may insert as high as the 
fourth or third rib or may be short and fail to reach 
the fifth. Fibers may spring from the lower part of 
the linea alba. Both the aponeurotic composition 
and the position of the arcuate line may vary consid- 
erably. 


Sheath of the Rectus Abdominis. The 
rectus abdominis is enclosed in a sheath 
(Figs. 6-29; 6-31; 6-33) that holds it in position 
but does not restrict its motion during 
contraction because it is separated from the 
muscle by a fascial cleft. The sheath is 
formed by the aponeuroses of the external 
oblique, internal oblique, and transversus 
muscles, which preserve their identity in 
some regions but fuse or interlace in others. 
At the lateral border of the rectus, the apo- 
neuroses form two membranes, the anterior 
and posterior lamellae of the sheath. 

The aponeurosis of the externus keeps its 
position anterior to the rectus muscle 
throughout its entire length, but fuses with 
the aponeurosis of the internus at a variable 
distance from the midline (Fig. 6-33, A to C). 
The line of fusion between the aponeuroses 
of the external and internal obliques is close 
to the linea alba at the pubis and below the 
umbilicus, and gradually angles laterally as 


well as superiorly, but remains medial to the 
lateral border of the rectus. Thus, a surgical 
incision over the rectus, below the umbili- 
cus, will go through the aponeuroses of the 
externus and internus as separate layers be- 
fore it reaches the rectus muscle itself. 

The aponeurosis of the internus, above the 
umbilicus, splits into two layers, one of 
which passes anterior to the rectus and fuses 
with the externus as just described (Fig. 6- 
33, B). The other layer passes posterior to the 
rectus and fuses with the aponeurosis of the 
transversus to form the posterior layer of the 
sheath. Above the costal margin, to which 
the internus muscle is attached, the costal 
cartilages and xiphoid process of the ster- 
num take the place of the dorsal layer of the 
aponeurotic sheath. The posterior layer of 
the internus aponeurosis, above the costal 
margin, is attached to the cartilages, while 
the anterior layer ends abruptly in a fibrous 
band. Thus, the rectus muscle above the cos- 
tal margin is covered anteriorly only by the 
aponeurosis of the external oblique. 

The aponeurosis of the transversus, above 
the umbilicus, passes entirely dorsal to the 
rectus and fuses with the aponeurosis of the 
internus as described above (Fig. 6-33, B). 

Below the umbilicus the disposition of the 
aponeuroses is somewhat more complicated 
and variable. At a variable distance between 
the pubis and umbilicus, usually about half 
way, the contribution of the aponeuroses to 
the posterior layer of the rectus sheath 
ceases abruptly in a curved, nearly semicir- 
cular line, called the arcuate line (of Doug- 
las!). Below this line the aponeurotic fibers 
of all three muscles pass anterior to the rec- 
tus muscle (Fig. 6-33, C). Between the umbil- 
icus and the arcuate line, the aponeuroses of 
the internus and transversus fuse and inter- 
digitate, and fiber bundles from both may 
pass either anterior or posterior to the rec- 
tus. Usually a short distance above the arcu- 
ate line, the internus terminates its contribu- 
tion to the posterior lamella and only the 
aponeurosis of the transversus remains pos- 
terior to the muscle. Thus, in the majority 
of instances, the arcuate line itself is formed 
by aponeurotic fibers of the transversus 
alone. 

Below the arcuate line the posterior layer 
of the rectus sheath consists only of trans- 


‘James Douglas (1675-1742): An Irish physician and anat- 
omist, who worked in London. 


FASCIAE AND MUSCLES OF THE TRUNK 493 


versalis fascia, since the aponeuroses of all 
three flat abdominal muscles pass anterior to 
the rectus abdominis. This posterior portion 
of the sheath is occasionally reinforced by 
scattered tendinous bundles from the trans- 
versus and by thickened laminae of the sub- 
serous fascia. In addition to the rectus mus- 
cle, the sheath contains the pyramidalis 
muscle, the superior and inferior epigastric 
arteries and veins, and branches of the inter- 
costal nerves. 

PYRAMIDALIS MUSCLE. The pyramidalis is 
a small triangular muscle, placed at the 
lower part of the abdomen, in front of the 
rectus, and contained in the sheath of that 
muscle (Fig. 6-31). It arises by tendinous fi- 
bers from the ventral surface of the pubis 
and the anterior pubic ligament. The fleshy 
portion of the muscle extends superiorly, 
diminishing in size as it ascends, and ends 
by a pointed extremity which is inserted into 
the linea alba, midway between the umbili- 
cus and pubis. 


Action. The pyramidalis muscle tenses the linea 
alba. 

Nerve. The pyramidalis is supplied by a branch 
of the twelfth thoracic nerve. 

Variations. The pyramidalis may vary from 1.5 
to 12 cm in length, but it averages between 6 and 
7 cm. It ts occasionally doubled on one or both 
sides, and the muscles of the two sides may be un- 
equal in size. The pyramidalis is absent in 10% of 
bodies, in which case the inferior end of the rectus is 
proportionately larger. 


Linea Alba. ‘The linea alba (Fig. 6-26) is 
the name given to the portion of the anterior 
abdominal aponeurosis or rectus sheath in 
the midline. Extending from the xiphoid 
process to the symphysis pubis, it is formed 
by an interlacing and fusion of fibers of the 
aponeuroses of the external oblique, inter- 
nal oblique, and transversus muscles of both 
sides. It is broader above where the recti are 
separated from each other by a considerable 
interval. A surgical incision above the um- 
bilicus in the midline will go through the 
linea as a single aponeurotie layer. It is nar- 
rower below, where the recti are more 
closely placed. A surgical incision in the 
midline below the umbilicus usually pene- 
trates the anterior and posterior lamellae of 
the rectus sheath as individual layers. The 
inferior end of the linea alba has a double 
attachment. The superficial one passes in 
front of the medial heads of the recti to the 
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Diagrams of cross sections ef the anterior abdominal wall, showing the formation of the sheath of the 


rectus abdominis musele above the costal margin, A, just above the umbilicus, B, and below the arcuate line, C. 


symphysis pubis. The deeper attachment 
spreads out into a triangular sheet dorsal to 
the recti, attaches to the posterior lip of the 
crest of the pubis, and is named_ the 
adminiculum linae albae. The umbilicus, 
which is an aperture for the passage of the 
umbilical vessels, the urachus, and during 
the first trimester, the vitelline duct in the 
fetus, is closed in the adult and presents a 
hard fibrous ring or plate of scar tissue 
within the linea alba. 

Arcuate Line. The arcuate line (semicir- 
cular line of Douglas) is a curved, upwardly 
convex, tendinous band in the posterior la- 
mella of the rectus sheath below the umbili- 
cus (Fig. 6-32). It marks the inferior limit of 
the aponeurotie portion of the posterior la- 
mella, the latter being composed of only 
transversalis fascia inferior to the line. Arch- 
ing from the lateral border of the sheath, the 
arcuate line may be found 4 to 13 cm, aver- 
age 8cm, from the pubis. From each side, the 
arcuate line terminates at the linea alba, al- 
though oceasionally as far down as_ the 
pubic crest. Its tendinous bundles are usu- 
ally derived from the aponeurosis of the 
transversus abdominis, but may be from the 
internal oblique or from an interlacing of 
fibers from both the transversus and the 
internus. A secondary line may be found 


superior to the primary one, especially in 
those instances where the primary line is 
formed by the transversus. In these cases the 
secondary line is formed by the aponeurotic 
fibers of the internal oblique. 

Linea Semilunaris. The linea semilunaris 
(ig. 6-26), a slightly curved line on the ante- 
rior abdominal wall, courses approximately 
parallel to the midline and Hes about half 
way between the linea alba and the side of 
the body. It marks the lateral border of the 
rectus abdominis muscle, and can be seen as 
a shallow groove in the living subject when 
that musele is tensed. The abdominal wall is 
thin along this line, particularly its inferior 
part, where it is composed only of the apo- 
neuroses of the oblique and transversus 
muscles and their fasciae. At its superior end 
the linea semilunaris is thicker where the 
muscular fasciculi of the transversus extend 
deep to the rectus for a variable distance. 


Group Actions. lf pelvis and thorax are fixed, 
the abdominal muscles, assisted by the descent of 
the diaphragm, compress the abdominal viscera by 
constricting the cavity of the abdomen. By these 
means assistance Is given in expelling the feces from 
the rectum, the urine from the bladder, the fetus 
from the uterus, and the contents of the stomach in 
vomiting. 

If the pelvis and vertebral column are fixed, these 


muscles compress the inferior part of the thorax, sig- 
nificantly assisting expiration. If the pelvis alone is 
fixed, the thorax is bent directly anteriorly when the 
muscles of both sides act. When the muscles of only 
One side contract, the trunk is bent toward that side 
and rotated toward the opposite side. 

If the thorax is fixed, the muscles acting together 
draw the pelvis upward as in climbing. Acting sin- 
gly, they draw the pelvis upward and bend the ver- 
tebral column to one side or the other. The recti, 
acting from below, depress the thorax and conse- 
quently flex the vertebral column. When acting from 
above, the recti flex the pelvis upon the vertebral 
column. The abdominal muscles are the flexors of 
the vertebral column, an important action that is 
frequently overlooked. 


TRANSVERSALIS FASCIA. ‘The internal in- 
vesting layer of deep fascia that lines the 
entire wall of the abdomen is called the 
transversalis fascia (Fig. 6-18). It may be de- 
fined even to include the pelvic portion of 
this internal layer, although more fre- 
quently, within the pelvis, this layer is called 
the endopelvic fascia. Formerly, the name 
was applied only to the deep fascia covering 
the internal surface of the transversus ab- 
dominis muscle, but because this muscle 
occupies a large proportion of the surface of 
the abdominal cavity, the name has gradu- 
ally become adopted for the entire internal 
sheet. Various parts of it are still referred to 
by more specific designations such as the 
iliac, psoas, or obturator fascia, used for the 
portions covering these muscles. This inter- 
nal fascia is of surgical interest, and in dif- 
ferent areas it covers mustles, aponeuroses, 
bones, and ligaments. The transversalis fas- 
cia completely encases the abdominal cav- 
ity, but it may be thin and adherent in one 
place or thickened and independent in an- 
other. It gives rise to specialized structures 
such as tubular investments, and from it are 
derived certain components of important 
extra-abdominal fasciae. It is a gray, felt-like 
membrane, sometimes transparent, some- 
times thickened into strong bands, but sel- 
dom aponeurotic in appearance and, except 
in obese individuals, contains no fat. Be- 
tween this membrane and the peritoneum 
there is a layer of subserous fascia that may 
contain fat. 

A definitive part of the transversalis fas- 
cia, that covering the internal surface of the 
muscular portion of the transversus muscle, 
is readily identifiable at dissection. Over the 
aponeurosis of this muscle, however, it is 
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thin and so closely adherent that only with 
difficulty can it be dissected free. Extending 
superiorly from the muscular portion of the 
transversus, the transversalis fascia contin- 
ues onto the undersurface of the diaphragm, 
covering its entire abdominal dimension. It 
is thin and adherent over the diaphragmatic 
muscular portion as well as over the central 
tendon. Anteriorly, the fascia over the trans- 
versus aponeurosis of one side is continuous 
across the midline with that of the other 
side. Posteriorly, as it leaves the muscular 
fasciculi of the transversus, it continues for a 
short distance over the aponeurosis of origin 
of this muscle and then covers the abdomi- 
nal surface of the quadratus lumborum and 
the psoas muscles. From the psoas it extends 
over the crura of the diaphragm and over the 
bodies and discs of the lumbar vertebrae, 
and is then continuous with the fascia over 
the psoas of the other side. As the dorsal ori- 
gin of the diaphragm crosses the quadratus 
lumborum and psoas, the fascia is thickened 
into the strong, fibrous medial and lateral 
arcuate ligaments. Inferiorly, from the mus- 
cular portions of the transversus and quad- 
ratus lumborum, the fascia is attached to 
bone along the crest of the ilium and contin- 
ues into the greater pelvis on the surface of 
the iliacus muscle. From the iliacus and 
psoas muscles, the transversalis fascia is 
continuous with the endopelvic fascia (de- 
scribed in the section dealing with the mus- 
cles of that region). 

The fascia on the internal surface of the 
anterior abdominal wall below the umbili- 
cus requires a more detailed description. In 
a medial direction from the muscular fascic- 
uli of the transversus, the transversalis fas- 
cia, below the umbilicus, continues on the 
surface of the aponeurosis toward the mid- 
line. The portion below the arcuate line, 
however, splits at the lateral border of the 
rectus into two sheets. The thin anterior 
sheet continues on the aponeurosis of the 
transversus, and passes with it anterior to 
the rectus. A thick posterior sheet forms the 
posterior lamina of the rectus sheath, serv- 
ing to separate the lower portion of the rec- 
tus muscle from abdominal viscera. Lateral 
to the lower part of the rectus, the transver- 
salis fascia continues downward on the 
transversus aponeurosis to its lowest limit. 
At this site it covers the inner surface of the 
conjoined tendon (inguinal falx), and pass- 
ing over the free border of the transverse 
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aponeurosis, it forms an arch extending 
from the crest of the pubic bone to the lat- 
eral part of the inguinal ligament. The fas- 
cial membranes on both the deep and super- 
ficial surfaces of the transversus fuse into a 
single sheet at this free border, providing re- 
inforcement of the transversalis fascia as it 
bridges the interval between the lower 
arched border of the transversus muscle and 
the inguinal ligament (Fig. 6-34). 

At a point just above the middle of the in- 
guinal ligament, a tubular prolongation of 
this reinforced fascia is carried outward on 
the ductus deferens and testicular vessels as 
they leave the abdominal cavity. This tubu- 
lar investment is the inner coat of the sper- 
matic cord and testis and is known as the 
internal spermatic fascia (Fig. 6-34). The 
ductus deferens (or round ligament) and ves- 
sels leave the abdominal cavity at a point 
which is called the deep (abdominal or inter- 
nal) inguinal ring, and they follow an 
oblique cou-se through the abdominal wall 
in a tunnel called the rnguinal canal. The lat- 
eral part of this canal, that is, before it has 
begun to penetrate the internal oblique mus- 
cle, has transversalis fascia forming its pos- 
terior wall. The fascia is loosely attached to 
the inguinal ligament and has two thicken- 
ings near the ring, one extending cranialward 
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called the interfoveolar ligament, one ex- 
tending caudalward called the deep crural 
arch. 

Interfoveolar Ligament (of Hesselbach'). 
The interfoveolar ligament (Fig. 6-32) is a 
thickening in the transversalis fascia which 
forms a crescentic medial boundary for the 
deep inguinal ring. Connected above to the 
transversus muscle and below to the ingui- 
nal ligament, it may be poorly defined or it 
may be a strong band whose fibers fan out 
medially as it follows the upward course of 
the deep inferior epigastric artery. It forms a 
slight ridge, usually palpable from the inte- 
rior of the abdominal cavity, which extends 
upward from the middle of the inguinal liga- 
ment, dividing the shallow fossa above the 
ligament into medial and lateral inguinal 
fovea. The deep inguinal ring, through 
which the ductus deferens or round liga- 
ment of the uterus leaves the abdominal cav- 
ity, is in the lateral fovea, and it is here that 
the sac of an indirect inguinal hernia pene- 
trates the abdominal wall. In the medial 
fovea, a triangular area is marked out by the 
inguinal ligament, the lateral boundary of 
the rectus <bdominis, and the inferior deep 


‘Franz Kaspar Hesselbach (1759-1816): A German sur- 
geon (Wurzburg). 
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epigastric artery. This is the inguinal triangle 
(of Hesselbach) and a direct inguinal hernia 
penetrates through it. 

Deep Crural Arch. The deep crural arch 
(sometimes called the iliopubic tract) is a 
downward extension of the transversalis 
fascia from the region of the internal ingui- 
nal ring. It arches across the external iliac 
vessels as they pass beneath the inguinal lig- 
ament and marks the transition from trans- 
versalis fascia to femoral sheath (Clark and 
Hashimoto, 1946). Laterally, it is attached to 
the iliac fascia where the latter gives origin 
to the inferior fibers of the transversus mus- 
cle. Medially, it follows the downward curve 
of the lacunar ligament. It may be a strong 
band or it may be poorly defined and appear 
to be merely the proximal part of the femo- 
ral sheath. 

Deep Inguinal Ring. The deep inguinal 
ring (abdominal or internal inguinal ring) is 
that interruption in the transversalis fascia 
where the spermatic cord (round ligament in 
the female) penetrates the anterior abdomi- 
nal wall (Fig. 6-33), carrying with it a sleeve- 
like investment of the transversalis fascia 
called the internal spermatic fascia. It is situ- 
ated 1.25cm above the inguinal ligament, 
midway between the anterior superior iliac 
spine and the symphysis pubis. It is oval in 
form, the long axis of which is vertical. It 
varies in size, being larger in males than in 
females, and fits rather closely about the 
penetrating structures, unless the ring has 
been distended by the sac of an indirect in- 
guinal hernia. It is bounded, superiorly, by 
the arched inferior margin of the transversus 
abdominis; medially, by the interfoveolar 
ligament accompanying the inferior deep 
epigastric vessels; and inferiorly, by the deep 
crural arch. 

Inguinal Canal. The inguinal canal is the 
tunnel in the lower anterior abdominal wall 
through which the spermatic cord (round 
ligament in the female), as well as the 
ilioinguinal nerve, pass. Its internal or lateral 
end is at the deep inguinal ring, and its exter- 
nal or medial end is at the superficial ingui- 
nal ring. The canal is about 4cm long and 
takes an oblique course parallel with and a 
little above the inguinal ligament. It Is 
bounded superficially by the skin, subcuta- 
neous fascia, aponeurosis of the external 
oblique and, over its lateral third, by the in- 
ternal oblique. The canal is bounded deeply 
from its medial to lateral ends by the re- 
flected inguinal ligament, the inguinal falx, 
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the transversalis fascia, the subserous fascia, 
and the peritoneum. Proximally are found 
the arched fibers of the internal oblique and 
transversus, and distally are located the in- 
guinal ligament and, at its medial end, the 
lacunar ligament. Through the canal pass the 
spermatic cord (or round ligament), the ilio- 
inguinal nerve, the testicular vessels, and the 
cremaster muscle. 

SUBSEROUS FASCIA. Intervening between 
the transversalis fascia and the peritoneum 
is fibroelastic connective tissue that supports 
the peritoneum. This subserous fascia, also 
referred to as subperitoneal fascia or extra- 
peritoneal connective tissue, resembles the 
subcutaneous superficial fascia in that it 
supports a free surface epithelial layer. It 
commonly contains adipose tissue in vary- 
ing thicknesses, and it is frequently sepa- 
rated from the transversalis fascia by a fas- 
cial cleft. Not only does the subserous fascia 
have a parietal portion supporting the peri- 
toneum of the abdominal wall, but it also 
has a visceral portion which continues over 
the viscera at the peritoneal reflections and 
accompanies the blood vessels into the mes- 
enteries. The subserous fascia has localized 
thickenings and accumulations of fat that 
are associated with the particular require- 
ments of the different regions; these are de- 
scribed in sections dealing with the viscera. 
The subserous fascia in the pelvis is uninter- 
ruptedly continuous with that of the abdo- 
men, and will be described with the pelvic 
viscera. 


Posterior Muscles of the Abdomen 


Psoas major 

Psoas minor 

Iliacus 

Quadratus lumborum 


The psoas major, the psoas minor, and the 
iliacus, with the fasciae covering them, will 
be described with the muscles of the lower 
limb. 

FASCIA COVERING THE QUADRATUS LUM- 
sorum. The transversalis (internal invest- 
ing) fascia covers the lateral portion of the 
quadratus lumborum on its ventral surface 
(Fig. 6-18). Since the medial portion of the 
muscle is overlapped by the psoas muscles, 
the fascia continues medially between the 
muscles and is attached to the bases of the 
transverse processes of the lumbar verte- 
brae. Its superior portion is thickened into a 
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strong band, called the tateral arcuate liga- 
ment (Fig. 6-25), which is attached to the 
transverse process of the first lumbar verte- 
bra and the apex and inferior border of the 
last rib. Inferiorly, the fascia is attached to 
the crest of the tlium, and is then continuous 
with the iliac fascia. At the lateral border of 
the quadratus lumborum, the fascia fuses 
with the combined fascia and aponeurosis of 
origin of the transversus muscle. The latter, 
extending medially from this point of fusion, 
covers the dorsal surface of the quadratus. 
The more medial portion of this aponeurotic 
sheet hes between the quadratus lumborum 
and the erector spinue and is the anterior 
layer of the thoracodorsal fascia (Fig. 6-18). 

QUADRATUS LUMBORUM. The quuadratus 
tumborum (Iigs. 6-18; 6-19; 6-25) is irregu- 
larly quadrilateral in shape, but it is broader 
inferiorly. It arises below by aponeurotic 
fibers from the iliolumbar ligament and for 
about 5 cm along the adjacent portion of the 
iliac crest. It is inserted above into the me- 
dial one-half of the inferior border of the last 
rib, and by four small tendons into the 
apices of the transverse processes of the first 
four lumbar vertebrae. Occasionally a sec- 
ond portion of this muscle is found anterior 
to the preceding. When present, it arises 
from the superior borders of the transverse 
processes of the last three or four lumbar 
vertebrae, and is inserted into the inferior 
margin of the last rib. Anterior to the quad- 
ratus lumborum are the colon, the kidney, 
the psoas major and minor, and the dia- 
phragm. Between the muscle and the trans- 
versalis fascia are found the twelfth tho- 
racic, ilioinguinal, and iliohypogastric nerves. 


Action. When the pelvis is fixed, the quadratus 
lumborum laterally flexes the lumbar vertebral col- 
umn toward the same. It also fixes the twelfth rib 
during deep inspiration, thereby preventing its ele- 
vation by the diaphragm during deep inspiration. If 
both muscles act together, they help extend the lum- 
bar vertebral column. 

Nerves. The quadratus lumborum is innervated 
by the twelfth thoracic and the upper three or 
four Jumbar nerves. 


MUSCLES AND FASCIAE OF THE PELVIS 


The muscles within the pelvis may be di- 
vided into two groups. The first group con- 
sists of the true pelvic muscles. 


Levator ani 
Coccygeus 


The second group consists of the muscles 
of the lower limb. These originate within the 
pelvis and thus form part of the pelvic wall. 


Obturator internus 
Piriformis 


The muscles of the second group will be 
described later with the muscles of the lower 
limb, but their fasciae will be considered in 
this section because they form an important 
part of the pelvic fascia. 

PELVIC DIAPHRAGM. The pelvic diaphragm 
(Figs. 6-36; 6-39) is composed of the levator 
ani and coccygeus muscles together with the 
fasciae covering their superior (internal) and 
inferior (external) surfaces. It stretches 
across the pelvic cavity like a hammock. It 
forms the lowest portion of the body wall, 
closing the abdominopelvic cavity below, 
restraining the abdominal contents, and giv- 
ing support to the pelvic viscera. It is pierced 
by the anal canal, the urethra, and the va- 
gina, and is reinforced in the perineum by 
the special muscles and fasciae associated 
with these structures. The pelvic diaphragm 
and the structures of the perineum are inti- 
mately associated both structurally and 
functionally, and an accurate knowledge of 
one cannot be obtained without study of the 
other. 

LEVATOR ANI MUSCLE. ‘The levator ani is a 
broad, thin muscle attached to the internal 
surface of the pelvis (Fig. 6-35). The muscles 
of the two sides are separated from each 
other anteriorly, but are inserted into a 
raphe posteriorly. They function as a single 
sheet across the midline, forming the princi- 
pal part of the pelvic diaphragm. It arises, 
anteriorly, from the inner surface of the su- 
perior ramus of the pubis lateral to the sym- 
physis, and posteriorly, from the inner sur- 
face of the spine of the ischium. Between 
these two points the muscle arises from the 
tendinous arch of the levator ani. This arch 
is a thickened band of the obturator fascia 
attached posteriorly to the spine of the 
ischium and anteriorly to the pubic bone at 
the ventral margin of the obturator mem- 
brane. From their origin the muscle fascicles 
sweep downward and medially in the floor 
of the pelvis to be inserted into the side of 
the last two segments of the coccyx, the 
anococcygeal raphe, the external anal 
sphincter, and the central tendinous point of 
the perineum. The anococcygeal raphe is a 
narrow fibrous band extending from the 


coccyx to the posterior margin of the anus 
where the muscles of the two sides join at 
the midline. The levator ani consists of two 
principal parts, usually separated by a trian- 
gular gap and generally more distinct in 
lower mammals than in man, the pubo- 
coccygeus and the iliococcygeus. 

The pubococcygeus arises from the dorsal 
surface of the pubis along an oblique line 
extending from the lower part of the sym- 
physis to the obturator canal. The muscular 
fasciculi pass posteriorly, more or less paral- 
lel with the midline, and terminate by join- 
ing the fibers from the other side. The lateral 
margin of the pubococcygeus may be sepa- 
rated from the iliococcygeus by a narrow 
interval, or it may be overlapped by the lat- 
ter muscle. Its medial margin is separated 
from the muscle of the other side by an in- 
terval known as the genital hiatus, which al- 
lows the passage of the urethra, vagina, and 
rectum. The most anterior fasciculi, which 
are also the most medial, pass behind the 
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prostate in males and insert into the central 
tendinous point just in front of the anus and 
are called the levator prostatae. In females a 
similar muscular fascicle passes along the 
sides of the vagina to insert behind the va- 
gina into the central tendinous point of the 
perineum. This constitutes an important 
sphincter of the vagina, the pubovaginalis. 
The majority of the fasciculi of the pubo- 
coccygeus pass horizontally backward bhe- 
side the anal canal. The more superficial 
ones join the anococcygeal raphe, while the 
deeper ones join the muscle of the other side 
to form a U-shaped loop or sling around the 
rectum called the puborectalis. 

The iliococcygeus arises from the tendi- 
nous arch of the levator ani muscle and the 
spine of the ischium, and inserts into the last 
two segments of the coccyx and_ the 


anococcygeal raphe. Its fasciculi pass medi- 
ally as well as inferiorly, which helps to dis- 
tinguish them from the fascicles of the 
pubococcygeus. 
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Action. The levator ani supports and slightly 
raises the pelvic floor, resisting increased intra- 
abdominal pressure, as during forced expiration. 
The pubococcygeus draws the lower end of the rec- 
tum toward the pubis and constricts it as well as the 
vagina. 

Nerves. The levator ani is supplied by branches 
of the pudendal plexus, containing fibers from the 
fourth and sometimes also the third or fifth sacral 
nerves. 

Variations. The degree of distinctness of the 
pubococcygeus and iliococcygeus varies, and the 
latter may be replaced by fibrous tissue. 


THE coccyGeEus. The coccygeus (Fig. 6-35) 
is located posterior to the levator ani but 
contiguous with it and on the same plane. It 
is a triangular sheet of muscular and tendi- 
nous fibers, arising by its apex from the 
spine of the ischium and sacrospinous liga- 
ment, and inserted by its base into the mar- 
gin of the coccyx and into the side of the last 
piece of the sacrum. It assists the levator ani 
and piriformis in closing the posterior part 
of the pelvic outlet. By position it could be 
considered the “ischiococcygeus’ in conti- 
nuity with the pubo- and iliococcygeus por- 
tions of the levator ani. 


Action. The coccygeus draws the coccyx for- 
ward after it has been pushed backward during par- 
turition or defecation. It also supports the pelvic 
floor against intra-abdominal pressure. 

Nerves. The coccygeus is supplied by branches 
of the pudendal plexus that contain fibers from the 
fourth and fifth sacral nerves. 

Variations. The itliosacralis is an occasional 
band of muscle, ventral to the coccygeus, attached 
to the iliopectineal line and the lateral border of the 
sacrum. The sacrococcygeus ventralis is an occa- 
sional muscular or tendinous slip from the anterior 
surface of the lower sacral vertebrae to the coccyx. 
The sacrococcygeus dorsalis is an inconstant mus- 
cular slip that extends from the dorsal aspect of the 
Sacrum to the coccyx. 


Petvic FasciA. This internal investing 
layer of fascia covers the levator ani and 
coccygeus and the intrapelvic portions of 
the obturator internus and piriformis mus- 
cles. It is the fascia lining the pelvis that is 
comparable to the transversalis fascia of the 
abdomen and is directly continuous with the 
latter over the brim of the lesser pelvis, 
where it is attached to or fused with the peri- 
osteum of the symphysis and superior ramus 
of the pubis, the ilium along the arcuate line, 
and the promontory of the sacrum. From 


these attachments it sweeps downward and 
across the midline, attaching to the ano- 
coccygeal raphe dorsally and _ blending 
with the fasciae of the anal canal and uro- 
genital structures ventrally. Although it is a 
continuous sheet, for convenience of de- 
scription it is divided into (1) piriformis fas- 
cia, (2) obturator fascia, and (3) superior fas- 
cia of the pelvic diaphragm (supra-anal 
fascia). 

The piriformis fascia is very thin and is 
attached to the anterior surface of the sac- 
rum and the sides of the greater sciatic fora- 
men. It is prolonged outward through that 
foramen, joins the fascia on the external sur- 
face of the muscle at its distal border, and, 
becoming extrapelvic, forms part of the deep 
gluteal fascia. At its sacral attachment 
around the margins of the anterior sacral 
foramina, it ensheathes the nerves emerging 
from these foramina. Hence the _ sacral 
nerves are frequently described as lying 
behind this fascia. The internal iliac vessels 
and their branches, on the other hand, lie in 
the extraperitoneal tissue in front of the fas- 
cia, and their branches to the gluteal region 
emerge in special sheaths of this tissue, 
proximal and distal to the piriformis muscle. 

The obturator fascia covers the obturator 
internus muscle and is partly intrapelvic and 
partly extrapelvic (Figs. 6-35; 6-36; 6-39). The 
intrapelvic portion has incorporated in it the 
aponeurosis of origin of the levator ani. It is 
as if the levator had at one time been at- 
tached to the pelvic brim above the obtura- 
tor (a condition found in lower primates), 
but had slipped downward for a variable 
distance, usually about half the length of the 
muscle. At this site the origin of the levator 
is visible as a thickened band called the ten- 
dinous arch of the levator ani muscle (Fig. 
6-36). Posteriorly, the arch always ends by 
attaching to the spine of the ischium. Anteri- 
orly, although more variable, the arch usu- 
ally attaches to the anterior margin of the 
obturator membrane or the pubic bone me- 
dial to it. Since the levator closes the aper- 
ture of the pelvis, the arch marks the bound- 
ary between the intra- and _ extrapelvic 
portions of the obturator fascia. The intra- 
pelvic portion usually is not aponeurotic in 
appearance and may be quite thin except at 
the tendinous arch. Anteriorly, the obturator 
fascia is attached to the superior border of 
the obturator membrane or the pubic bone 
just in front of the obturator canal. It con- 
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Fic. 6-36. Fasciae of pelvis and anal region of perineum. Diagram of frontal section. 


tributes a tubular investment for the obtura- 
tor nerve and vessels as they leave the pelvis 
through that canal. Its attachment to the 
bone gradually angles cranialward from the 
obturator membrane until it reaches the ar- 
cuate line near the sacroiliac articulation. 
Posteriorly, it is attached to the margin of the 
greater sciatic notch down to the spine of 
the ischium. At the tendinous arch of the 
levator ani, the obturator fascia splits into 
three sheets, the outer one continues as the 
extrapelvic (perineal) obturator fascia, the 
other two cover the superior (intrapelvic) 
and inferior (perineal) surfaces of the pelvic 
diaphragm. The extrapelvic, perineal por- 
tion of the obturator fascia follows the mus- 
cle downward into the ischiorectal fossa and 
will be described with the perineum. 

The superior fascia of the pelvic dia- 
phragm (supra-anal fascia) covers the supe- 
rior (intrapelvic or internal) surface of the 
levator ani and coccygeus muscles (Figs. 
6-36; 6-39). Anteriorly, above the pubo- 
coccygeus part of the levator, it is attached 
to the pubic bone. Laterally, above the ilio- 
coccygeus, it is continuous with the intra- 
pelvic obturator fascia at the tendinous arch 
of the levator ani muscle. Posteriorly, it cov- 
ers the coccygeus and becomes continuous 
with the fascia of the piriformis. Behind the 
rectum, the fascia of each side is continuous 
across the midline over the anococcygeal 
raphe. In front of the rectum, in the region of 


the genital hiatus where the medial borders 
of the pubococcygei of the two sides do not 
meet, the superior fascia of the pelvic dia- 
phragm joins the inferior fascia of the pelvic 
diaphragm to assist in the formation of the 
deep layer of the urogenital diaphragm. 

SUBSEROUS FASCIA. The subserous fascia 
(Figs. 6-36; 6-37; 6-39), continuous with the 
subserous fascia of the abdomen, not only 
covers the parietal wall of the pelvis and the 
viscera, but also acts as a padding tissue for 
the viscera in the lower part of the pelvis. It 
forms important fascial ligaments and folds 
that extend from the pelvic wall to assist in 
the support of the pelvic viscera. A thick- 
ened band of subserous fascia, the tendinous 
arch of the pelvic fascia on the inner surface 
of the superior fascia of the pelvic dia- 
phragm (Figs. 6-36; 6-38), marks the site of 
attachment of the lateral ligament of the 
bladder. Other supporting subserous fascial 
folds of this type are described in the chap- 
ter dealing with the pelvic viscera. 


MUSCLES AND FASCIAE OF THE PERINEUM 


The perineum is a diamond-shaped region 
that lies immediately beneath the outlet of 
the pelvis. Bony structures form its bounda- 
ries as follows: anterior, the pubic arch and 
the arcuate ligament of the pubis; posterior, 
the tip of the coccyx: and on each side, the 
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inferior rami of the pubis and ischium, and 
the sacrotuberous ligament. The perineum is 
limited on the surface of the body by the ex- 
ternal genitalia ventrally, by the buttocks 
dorsally, and laterally by the medial side of 
the thigh. A line drawn transversely be- 
tween the ischial tuberosities divides the 
diamond-shaped region into two portions or 
triangular parts. The posterior contains the 
termination of the anal canal and is known 
as the anal region or triangle, while the ante- 
rior, which contains the external urogenital 
organs, is termed the urogenital region or tri- 
angle. 


Perineal Fasciae 


SUPERFICIAL FASCIA. The superficial fascia 
of the perineum is divisible into two layers, 
superficial and deep, whieh are similar to 
and continuous with the corresponding lay- 
ers of the anterior abdominal wall (Figs. 
6-37; 6-38). The deep layer is called the fascia 
of Colles instead of Scarpa. The superficial 
layer. corresponding to Camper's fascia, 
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Diagram of fasciae of pelvis and perineum in median sagittal section. 


usually is not specifically named, although it 
has been called Cruveilhier’s fascia.! 

Superficial Layer (of Superficial Fascia). 
The most superficial layer of fascia in the 
anterior part of the perineum, that is, over 
the urogenital region, contains a considera- 
ble amount of adipose tissue and is likely to 
be irregularly laminated. In the groove be- 
tween the scrotum or labium majus and the 
thigh, it is directly continuous with the cor- 
responding layer on the anterior abdominal 
wall. More medially, it is combined with the 
deep layer into the dartos tunic of the scro- 
tum in the male, while in the female, it forms 
the greater part of the labium majus. Later- 
ally, it is continuous with the superficial 
layer of the thigh, and posteriorly, it be- 
comes the most superficial layer of fascia in 
the anal region. 

The superficial layer in the anal region is 
greatly thickened into a mass of fat. which 
occupies the ischiorectal fossa. It is continu- 


'Yean Cruveilhier (1791-1874): A French anatomist and 
pathologist (Paris). 
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Fic. 6-38. Fasciae of perineum. Dissection of superficial layers. 


ous posteriorly with the superficial fascia of 
the gluteal region and posterior thigh. Cover- 
ing the ischial tuberosities, the fibrous tissue 
is increased in amount, forming a tough pad. 

The ischiorectal fossa (Fig. 6-38) is some- 
what prismatic and wedge-shaped, with its 
base at the surface of the perineum and its 
apex deeply placed in the perineum at the 
line of meeting of the levator ani and obtura- 
tor internus muscles. The fossa is bounded 
medially by the inferior fascia of the pelvic 
diaphragm covering the levator ani and ex- 
ternal anal sphincter; laterally, by the obtu- 
rator fascia over the extrapelvic portion of 
the obturator internus, and by the tuberosity 
of the ischium; anteriorly, by the posterior 
borders of the transversus perinei superfici- 
alis and profundus; and posteriorly, by the 
fascia over the gluteus maximus and the sac- 


rotuberous ligament. The superficial bound- 
ary is the skin, and the fossa is occupied by a 
mass of adipose tissue belonging to the most 
superficial layer of fascia. The superficial 
and deep layers of the superficial fascia are 
not separable in the fossa and both are se- 
curely attached to the deep fascia covering 
the entire inner surface of the fossa. The dor- 
sal portion of the transversus perinei pro- 
fundus is separated from the levator ani for 
a short distance, so that the ischiorectal 
fossa has an anterior recess which extends 
beneath the posterior border of the transver- 
sus muscles. The adipose tissue within the 
fossa is traversed by fibrous bands and in- 
complete septa. The ischiorectal fossa is 
crossed transversely from lateral to medial 
by the inferior rectal vessels and nerves. In 
the posterior part of the fossa are the peri- 


904 


AINL FASLUIAL 


neal and perforating cutaneous branches of 
the pudendal plexus, while from the anterior 
part of the fossa emerge the posterior scrotal 
(or labial) vessels and nerves. The internal 
pudendal vessels and pudendal nerve 
achieve the fossa by means of the pudendal 
canal (of Alcock!), which passes deep to the 
obturator fascia in a special reduplication of 
that fascia on the lateral wall of the fascia. 

Deep Layer of Superficial Fascia (Colles’ 
Fascia). In the urogenital region, but not in 
the anal region, the deep layer of superficial 
fascia is a distinctive structure (Figs. 6-36 to 
6-39). It is a strong membrane but does not 
have the white glistening appearance of an 
aponeurosis. Instead, it has a slightly yellow 
color due to its content of elastic fibers, and 
it is smooth in texture, its fibrous nature not 
being detectable with the naked eye. This 
characteristic texture frequently is of assist- 
ance in differentiating it from the deep fascia 
in the region. Anteriorly, it is directly contin- 
uous with the deep layer of superficial ab- 
dominal fascia (Scarpa’s fascia) in the 
groove between the scrotum or labium 
majus and thigh. More medially, it joins the 
superficial layer in the formation of the 


1Benjamin Alcock (1801-?): An [Irish anatomist (Cork, 
then America). 
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dartos tunic of the scrotum (Fig. 6-37). In the 
midline, the deep layer of superficial fascia 
is attached to the superficial layer along the 
raphe and continues ventrally into the 
scrotal septum, which divides that sac into 
two cavities. Laterally, it is firmly adherent 
to the medial surface of the thigh along the 
ischiopubic ramus at the origin of the adduc- 
tor muscles. In the anterior part of this area, 
it is continuous with the fascia cribrosa 
which covers the saphenous opening. Poste- 
riorly, it dips inward toward the ischiorectal 
fossa around the posterior border of the 
transversus perinei superficialis and_ be- 
comes firmly attached to the deep fascia 
along the posterior border of the transversus 
perinei profundus. It is attached also, with 
all the other layers, to the central tendinous 
point of the perineum. 


A fascial cleft, not recognized in most other ac- 
counts of the perineal fascia, has been described 
between Colles’ fascia and the external perineal fas- 
cia (a deep fascial layer also not usually recognized), 
overlying the bulbocavernosus, ischiocavernosus, 
and the transverse perinei superficialis muscles. This 
Superficial perineal cleft is thought by some to be 
continuous with the cleft deep to Scarpa’s fascia on 
the anterior abdominal wall, but it is closed off later- 
ally and posteriorly by the attachments described 
above. 
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Fic. 6-39. Fasciae of pelvis and urogenital region of perineum. Diagram of frontal section. 


In the anal region, the deep layer of the 
superficial fascia is adherent both to the su- 
perficial layer and to the deep fascia. Al- 
though not easily dissected in this region, its 
attachment to the posterior border of the 
transversus perinei profundus, mentioned 
previously, continues deeply into the ischio- 
rectal fossa in close apposition to the infe- 
rior fascia of the pelvic diaphragm covering 
the inferior surface of the levator ani mus- 
cle. At the origin of this muscle, the deep 
layer of superficial fascia folds back sharply 
over the extrapelvic portion of the obturator 
fascia. Posteriorly, it leaves the ischiorectal 
fossa along the border of the gluteal region 
and posterior thigh. 

DEEP FASCIAE. The deep fasciae of the peri- 
neum consist of the obturator fascia and the 
inferior fascia of the pelvic diaphragm in the 
anal region, and in the urogenital region, of 
the superior and inferior fascial layers of the 
urogenital diaphragm, along with the exter- 
nal perineal fascial layer (frequently not 
cited in other descriptions). The phenomena 
of splitting, fusion, and cleavage are promi- 
nent features of fascia in this region. The 
clinical interest and importance of these fas- 
ciae have made them the subject of numer- 
ous treatises in which the various parts are 
frequently segregated and given special 
names. In the following description these 
parts will be considered individually, but an 
attempt will be made to correlate the diverse 
terminology into a consistent description. 

The obturator fascia (perineal part) covers 
the extrapelvic portion of the obturator in- 
ternus muscle and forms the lateral wall of 
the ischiorectal fossa. Superiorly, it meets 
the inferior fascia of the pelvic diaphragm at 
a sharp angle in the deepest part of the fossa. 
Its inferior portion, extending from the 
lesser sciatic foramen to the ischial tuberos- 
ity, is thickened and splits to enclose the 
pudendal nerve and internal pudendal ves- 
sels in a fibrous tunnel called the pudendal 
canal (of Alcock). Anteriorly, it is attached 
to the ischiopubic ramus, and the fibrous 
sheath of the pudendal canal merges with 
the inferior fascia of the urogenital dia- 
phragm (and perhaps with the external peri- 
neal fascia) where branches of the nerve and 
vessels enter the superficial and deep peri- 
neal spaces or compartments. 

The inferior fascia of the pelvic dia- 
phragm, also known as the infra-anal fascia, 
covers the inferior or perineal (external, or 
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superficial) surface of the levator ani and 
coccygeus muscles (Figs. 6-36 to 6-39). It ad- 
heres to the muscle throughout. Superiorly, 
the portion of this fascia subjacent to the 
iliococcygeus is continuous with the extra- 
pelvic obturator fascia at the tendinous arch 
of the levator ani. The portion underlying 
the pubococcygeus is attached to the ischio- 
pubic ramus and the pubic bone at the origin 
of the muscle. Between the medial borders 
of the two pubococcygei, the infra-anal fas- 
Cla joins the supra-anal fascia to form a thick 
sheet in the genital hiatus. Behind the rec- 
tum, the inferior fascia of the pelvic dia- 
phragm is continuous from side to side over 
the anococcygeal raphe where it is firmly 
attached. More laterally, it bridges the slight 
interval between the levator ani and coccyg- 
eus, and then binds the latter muscle to the 
inferior edge of the sacrospinous ligament. 
From this ligament, it passes outward from 
the ischiorectal fossa along the overhanging 
distal border of the gluteus maximus, be- 
coming continuous with the gluteal fascia. 
Near the anus, it invests the external anal 
sphincter, and just anterior to the anus, it is ° 
firmly attached to the other perineal layers 
at the central tendinous point. 

If the infra-anal fascia is traced anteriorly 
from the ischiorectal fossa, it will be seen to 
split into two sheets at a transverse line con- 
necting the anterior extremities of the ischial 
tuberosities (three sheets if the external peri- 
neal fascia is considered). The deepest of 
these continues on the surface of the levator 
ani, and lying between this muscle and the 
transversus perinel profundus, it is called 
the superior layer of the urogenital dia- 
phragm. Another of the fascial sheets covers 
the superficial surface of the transversus 
profundus and is called the inferior layer of 
the urogenital diaphragm. If the external 
perineal fascia is considered a true fascial 
plane, it would be the most superficial of 
these deep fascial layers in the urogenital 
region which split from the inferior fascia of 
the pelvic diaphragm in the mid-perineum. 

UROGENITAL DIAPHRAGM. The transversus 
perinei profundus muscle is covered superi- 
orly (internally) and inferiorly (externally) 
by fascial membranes that are called, re- 
spectively, the superior and inferior layers 
of the urogenital diaphragm (Fig. 6-39). The 
transversus perinei profundus muscle and 
the two fascial layers taken together consti- 
tute the urogenital diaphragm. The urogeni- 
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tal diaphragm is synonymous with the deep 
perineal compartment (pouch or space) and 
its contents, which will be described. The 
urogenital diaphragm, as it has just been de- 
fined, is assisted in its role as a supporting 
structure by the portion of the levator ani 
over which it lies and by the superficial peri- 
neal muscles and their fasciae. 

The genital hiatus is the interval in the 
midline between the medial borders of the 
two pubococcygeus portions of the levator 
ani muscle. It is through this hiatus that the 
urethra passes in both sexes and the vagina 
in the female. The fibrous tissue composing 
the region of the genital hiatus is derived 
from the superior and inferior fasciae of the 
pelvic diaphragm and the superior layer of 
the urogenital diaphragm. 

The superior fascia of the urogenital dia- 
phragm (also called deep or internal fascia) 
is a flat, triangular membrane stretching 
across the interval between the ischiopubic 
rami (Figs. 6-37; 6-39). It lies between the 
transversus perinei profundus and the pubo- 
coccygeus portions of the levator ani and 
represents the fused fascial membranes of 
both these muscles. It represents also, in the 
genital hiatus between the medial borders of 
the two pubococcygei, a fusion with still a 
third membrane, the superior fascia of the 
pelvic diaphragm. It is securely attached to 
the symphysis pubis anteriorly and joins the 
other perineal layers at the central tendinous 
point posteriorly. Laterally, it is attached to 
the medial borders of the ischiopubic rami, 
and there it is continuous with the obturator 
fascia. The middle portion of the fascia, 
which occupies the genital hiatus, is thick- 
ened to fill in the gap between the two 
pubococcygei and binds their medial bor- 
ders together. At this site the fascia is 
pierced by the urethra and vagina, blending 
with their walls as they pass through. The 
prostate gland rests on the pelvic surface of 
the fascia in the male, and the connective 
tissue of the inferior portion of the prostatic 
capsule also intimately blends with the fas- 
cia. The attachment of the fascia to the pubic 
bone and its blending with the glandular 
capsule make the anterior part of the fascia a 
true ligament of the prostate. The tissue at- 
tachments may form three strands, a middle 
puboprostatic ligament to the symphysis 
and two lateral puboprostatic ligaments, one 
to each pubic bone, at the sites where the 
anterior ends of the tendinous arches of the 


levator ani muscles are attached. At the pos- 
terior border of the deep transversus, the 
fascia is fused with the superficial layer of 
the urogenital diaphragm, closing the deep 
perineal compartment. 

The inferior fascia of the urogenital dia- 
phragm (also called superficial or external 
fascia) is a flat, triangular membranous sheet 
which, like the superior, bridges the angular 
interval between the ischiopubic rami (Figs. 
6-37; 6-39). It is attached laterally to the me- 
dial borders of the rami from the arcuate 
pubic ligament to the ischial tuberosities. 
Along these same borders, the superior layer 
of the diaphragm is attached more deeply 
and the crura of the penis more superficially 
(Fig. 6-39). The middle portion of the fascia 
is pierced by the urethra and vagina and 
blends with their walls. It is perforated also 
by the arteries to the bulb, the ducts of the 
bulbourethral glands, the deep arteries of 
the penis, and the dorsal arteries and nerves 
of the penis. The part posterior to the ure- 
thra blends with the fascia of the bulb and, 
because of its attachment to the rami later- 
ally, is sometimes called the ligament of the 
bulb. At these lateral attachments, the fascia 
also blends with that covering the crura of 
the penis. The part anterior to the urethra 
arches across the subpubic angle and is 
sometimes called the transverse ligament of 
the pelvis. The latter is separated from the 
symphysis pubis and arcuate pubic ligament 
by an opening for the passage of the dorsal 
vein of the penis. At the posterior border of 
the deep transversus muscle, the superficial 
and deep layers of the urogenital diaphragm 
fuse into a single layer and blend with the 
inferior fascia of the pelvic diaphragm from 
within the ischiorectal fossa. 

The external perineal fascia (Figs. 6-36 to 
6-39) is a fascial sheet, the existence of 
which is controversial, although it is de- 
scribed by some anatomists. Its defenders 
claim it to be an external investing layer of 
deep fascia in the urogenital region (in con- 
trast to the inferior fascia of the urogenital 
diaphragm, which is thought by them to be 
the internal investing layer). It is considered 
to be the most superficial layer of the deep 
fascia in the urogenital region of the peri- 
neum, and to cover approximately the same 
triangular area as the inferior fascia of the 
urogenital diaphragm. Not being flat, the fas- 
cia is described as accommodating itself to 
the contours of the superficial perineal mus- 


cles. Those denying the existence of this fas- 
cial plane consider the aforementioned con- 
nective tissue to be simply the epimysium of 
the superficial perineal muscles. 

A detailed account of the external peri- 
neal fascia will be omitted from this edition 
because it is not a generally accepted struc- 
ture and because it is not recognized in the 
Nomina Anatomica. The importance of con- 
sidering it at all relates to the fact that those 
authors claiming it to be a fascial sheet have 
further described it, rather than Colles’ fas- 
cia, as the superficial limiting boundary of 
the superficial perineal compartment. Addi- 
tionally, its proponents claim the existence 
of a superficial perineal fascial cleft between 
the external perineal fascia and Colles’ 
fascia. 

PERINEAL BODY. ‘The perineal body, often 
called the central tendinous point of the per- 
ineum, is a mass of fibromuscular tissue in 
the midline between the anus and the bulb 
of the penis in the male and between the 
anus and vagina in the female. It is approxi- 
mately 2cm in width and depth in the male 
and about twice this dimension in the fe- 
male. It is composed predominately of fi- 
brous tissue since it represents a fusion of 
the superior and inferior fasciae of the uro- 
genital diaphragm and Colles’ fascia (and 
perhaps the external perineal fascia). It con- 
tains a few muscular fibers also, principally 
from the pubococcygeal portions of the two 
levator ani muscles and the external anal 
sphincter. Besides these muscles, the peri- 
neal body also has attached to it the trans- 
versus perinei profundus and superficialis 
muscles of both sides as well as the bulbo- 
spongiosus muscle. It is directly continuous 
anteriorly with the fibrous tissue that fills 
in the genital hiatus between the two pubo- 
coccygei. It continues deep into the pelvis 
with the rectoprostatic and rectovesical sep- 
tum in the male and the rectovaginal septum 
in the female. The perineum is a time-hon- 
ored surgical approach to the bladder and 
prostate, and it is the site of the perineal 
tears that frequently result from childbirth. 

DEEP PERINEAL COMPARTMENT (space Or 
pouch). The deep perineal compartment is 
that region between the superior and infe- 
rior fascial layers of the urogenital dia- 
phragm. The compartment is principally 
occupied by the transversus perinei profun- 
dus, but contains also the sphincter urethrae 
and the membranous portion of the urethra, 
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the bulbourethral glands (vestibular glands 
in the female) and their ducts, the internal 
pudendal vessels, the deep dorsal vein of the 
penis, and the dorsal nerve of the penis. The 
internal pudendal artery enters the deep per- 
ineal compartment posteriorly and _ its 
branches to the penile bulb, to the urethra, 
and to the deep and the dorsal arteries of the 
penis pierce the inferior fascia of the uro- 
genital diaphragm to reach their destination. 

SUPERFICIAL PERINEAL COMPARTMENT (space 
or pouch). The superficial perineal com- 
partment is bounded by the inferior layer of 
the urogenital diaphragm and the deep layer 
of superficial fascia (Colles’ fascia). (The 
proponents of the existence of the external 
perineal fascia state that it forms the superfi- 
cial boundary of the pouch, instead of Col- 
les’ fascia.) The superficial perineal pouch 
contains the bulbospongiosus, ischiocaver- 
nosus, and transversus perinei superficialis 
muscles, and it is traversed by the perineal 
vessels and nerve. 


CLINICAL CONSIDERATIONS. Extreme trauma may 
result in rupture of the urethra or even the bladder. 
Depending on the site of rupture (i.e., whether it 
occurs above or below the urogenital diaphragm), 
urine accumulates in either the pelvis or the peri- 
neum. Thus, because it is located above the urogeni- 
tal diaphragm, if the bladder or prostatic urethra is 
ruptured, as is frequently the case with a fracture of 
the pelvis, extravasated urine collects in the extra- 
peritoneal tissues of the pelvis and is prevented from 
spreading into the perineum by the pelvic dia- 
phragm. 

Rupture of the spongy or bulbous part of the ure- 
thra, which is below the urogenital! diaphragm, ts a 
common result of straddle injuries that occur when 
the pubic arch forcibly strikes an unyielding object 
such as a fencetop or a saddle. In these instances, 
urine is extravasated into the perineum, since the 
urogenital diaphragm limits its movement into the 
pelvis. If the deep fascia of the penis (Buck's fascia’) 
remains intact, urine is confined by this fascial plane 
to the penis only. More often, however, the deep 
fascia of the penis is also punctured, and urine es- 
capes into the superficial perineal compartment. 
When this occurs, the urine is limited in its extrava- 
sation by the attachments of Colles’ fascia and the 
fasciae with which it is continuous, the dartos layer 
over the scrotum, the superficial fascia of the penis, 
and the deep layer of superficial fascia over the ante- 
rior abdominal wall (Scarpa’s fascia). Urine is usu- 
ally prevented from spreading posteriorly into the 
anal region of the perineum or laterally into the thigh 
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by the attachments of the inferior fascia of the uro- 
genital diaphragm, Colles’ and Scarpa’s fasciae. In- 
stead, urine extravasates into the scrotum, penis, 
and anterior abdominal wall, and in poorly attended 
cases, it may reach as high as the anterior thoracic 
wall. 


Perineal Muscles 


The muscles of the perineum may be di- 
vided into two groups: 


Muscles of the urogenital region 
In the male 
In the female 

Muscles of the anal region 


MUSCLES OF THE 
UROGENITAL REGION IN THE MALE 


Superficial Group 
Transversus perinei superficialis 
Bulbospongiosus 
Ischiocavernosus 

Deep Group 
Transversus perinei profundus 
Sphincter urethrae 


TRANSVERSUS PERINEI SUPERFICIALIS. This 
muscle is a narrow slip on each side that 
passes more or less transversely across the 
perineal area in front of the anus (Figs. 6-38; 
6-40). It arises by tendinous fibers from the 
inner and anterior part of the tuberosity of 
the ischium, and, coursing medially, is in- 
serted centrally into the perineal body, join- 
ing at this site with the muscle of the oppo- 
site side, the external anal sphincter 
posteriorly, and the bulbospongiosus anteri- 
orly. In some instances, the fibers of the 
deeper layer of the external anal sphincter 
decussate in front of the anus and are con- 
tinued into this muscle. Occasionally, the 
superficial transverse perineal muscle gives 
off fibers that join with the bulbospongiosus 
of the same side. 


Actions. The simultaneous contraction of the 
two muscles serves to fix the centrally located peri- 
neal body. 

Variations. The transversus perinei superficialis 
may be absent or doubled, or it may insert into 
the bulbospongiosus or external anal sphincter. 


THE BULBOSPONGIOSUS. This muscle (for- 
merly called accelerator urinae or bulbo- 
cavernosus) is placed in the midline of the 
perineum, ventral to the anus (Fig. 6-40). It 


consists of two symmetrical parts, united 
along the median line by a tendinous raphe. 
It arises from the perineal body and its ven- 
tral extension into the median raphe. Its fi- 
bers diverge like the barbs of a feather. The 
most posterior fibers form a_ thin layer, 
which is lost on the inferior fascia of the uro- 
genital diaphragm. The middle fibers encir- 
cle the bulk and adjacent parts of the corpus 
spongiosum penis, and join with the fibers of 
the opposite side, on the upper part of the 
corpus cavernosum penis, in a strong apo- 
neurosis. The anterior fibers spread out over 
the side of the corpus cavernosum penis and 
are inserted partly into that body, anterior to 
the ischiocavernosus, occasionally extend- 
ing to the pubis, and partly end in a tendi- 
nous expansion that covers the dorsal ves- 
sels of the penis. The latter fibers can be seen 
by dividing the muscle longitudinally and 
reflecting it from the surface of the corpus 
spongiosum penis. 


Actions. The bulbospongiosus serves to empty 
the urethra, after the bladder has expelled its 
contents. During the greater part of the act of mictu- 
rition its fibers are relaxed, and it only comes into 
action at the end of the process. The middle fibers 
assist in the erection of the corpus spongiosum 
penis by compressing the erectile tissue of the bulb. 
The anterior fibers also contribute to the erection of 
the penis by compressing the deep dorsal vein of the 
penis as these fibers insert into the penile fascia, 
which encases the dorsal vessels of the penis. 


THE ISCHIOCAVERNOSUS. This muscle (at 
one time called the erector penis) is paired, 
each covering one of the crura of the penis 
(Fig. 6-40). It is an elongated muscle, broader 
in the middle than at either end, and situated 
at the lateral boundary of the perineum. It 
arises by tendinous and fleshy fibers from 
the inner surface of the tuberosity of the 
ischium dorsal to the crus penis, and from 
the rami of the pubis and ischium on each 
side of the crus. From these points, fleshy 
fibers course ventrally along the crus and 
end in an aponeurosis, which is inserted into 
the sides and undersurface of the crura as 
they become the body of the penis. 


Action. The ischiocavernosus compresses the 
crus penis, retarding the return of the blood through 
the veins, and thus serves to maintain penile erec- 
tion. 


TRANSVERSUS PERINEI PROFUNDUS. This 
muscle arises from the inferior rami of the 












Corpus spongiosum penis 


Ischiocavernosus m. 


Femoral fascia 


Perineal body 


Bulbourethral gland 


Transversus perinei 
profundus m. 


Anus 





Ischial tuberosity 


External anal 
sphincter m. 


Levator ani m. 


Anococcygeal ligt. 
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Raphe of scrotum 


Dartos layer of scrotum 


Bulbospongiosus m. 


Sheath of ischiocavernosus m. 


Gracilis m. 


Adductor magnus m. 


Inferior fascia of 
urogenital diaphragm 


Transversus perinei 
superficialis m. 


Obturator fascia 
Sacrotuberous ligt. 


Gluteus maximus m. 


Gluteal fascia 


Coccyx 


Fig. 6-40. Muscles of the male perineum. The inferior fascia of the urogenital diaphragm has been removed on the 
right to reveal the transversus perinei profundus muscle and the bulbourethral gland. (After Sobotta.) 


ischium and runs to the median line, where 
it interlaces in a tendinous raphe with its fel- 
low of the opposite side (Figs. 6-37; 6-39; 6- 
40). Lying in the same plane as the sphincter 
urethrae, these two muscles are interposed 
between the superior and inferior fascial 
layers of the urogenital diaphragm and form 
much of the bulk of that structure. Formerly 
these two muscles were described together 
as the constrictor urethrae. 

SPHINCTER URETHRAE. In the male, this 
muscle surrounds the whole length of the 
membranous portion of the urethra and is 
enclosed in the fasciae of the urogenital dia- 
phragm. Its external fibers arise laterally 
along about 2cm of the ischiopubic ramus 
and from the neighboring fasciae. They arch 
across the front of the urethra and bulboure- 
thral glands. Passing around the urethra, the 
superficial fibers unite posterior to the ure- 
thra with muscle fibers from the opposite 
side by means of a tendinous raphe. Its inter- 
nal fibers form a continuous circular invest- 
ment for the membranous urethra. 


Actions. The sphincter urethrae muscles of 
both sides act together as a sphincter, compressing 
the membranous portion of the urethra. During mic- 
turition, like the bulbospongiosus, the sphincter 
urethrae muscles are relaxed, and only come into 
action at the end of the process to eject the last 
drops of urine. They also function during ejacula- 
tion. 

Nerve Supply. All the muscles of the male uro- 
genital region are supplied by the second, third, and 
fourth sacral nerves by way of the perineal branch 
of the pudendal nerve. 


MUSCLES OF THE 
UROGENITAL REGION IN THE FEMALE 


Transversus perinei superficialis 
Bulbospongiosus 
Ischiocavernosus 

Transversus perinei profundus 
Sphincter urethrae 


TRANSVERSUS PERINE! SUPERFICIALIS. I[n 
the female this muscle is a narrow slip of 
fibers that arises by a small tendon from the 
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inner and ventral part of the tuberosity of 
the ischium and is inserted into the perineal 
body (Fig. 6-41). At this centrally located site 
of the perineum, as in the male, it joins the 
muscle of the opposite side, the external 
anal sphincter, and the bulbospongiosus. 


Action. The simultaneous contraction of the 
two transverse perinei superficialis muscles serves 
to fix the perineal body. 


THE BULBOSPONGIOSUS. This muscle has 
also been called the sphincter vaginae, and it 
surrounds the orifice of the vagina. It covers 
the lateral parts of the vestibular bulb and 
is attached posteriorly to the perineal body, 
where it blends with the external anal 
sphincter (Fig. 6-41). Its fibers pass anteriorly 
on each side of the vagina to be inserted into 
the corpgra cavernosa clitoridis. A small 
muscular fasciculus also crosses over the 
body of the clitoris and compresses its deep 
dorsal vein. 


Actions. The bulbospongiosus diminishes the 
orifice of the vagina. The anterior fibers contribute to 
the erection of the clitoris, being inserted into and 
continuous with the fascia of the clitoris and thereby 
compressing the deep dorsal vein during the con- 
traction of this muscle. 


Prepuce of clitoris 








Gracilis m. 


Semitendinosus m. 


Fascia over 
ischiocavernosus 


Inferior fascia of 

urogenital diaphragm 

Transversus perinei 
superficialis m. 


Bulbospongiosus m. 


Sacrotuberous ligt. 


Levator ani m. 


Ischiorectal fossa 


Gluteal fascia 


Fic. 6-41. 
Jevator ani muscle. 


THE ISCHIOCAVERNOSUS. In the female, 
this muscle (formerly called the erector 
clitoridis) is smaller than the corresponding 
muscle in the male. It covers the unattached 
surface of the crus clitoridis and is elon- 
gated, broader at the middle than at either 
end, and situated along the lateral boundary 
of the perineum (Fig. 6-41). It arises by tendi- 
nous and fleshy fibers from the inner surface 
of the tuberosity of the ischium, from the 
surface of the crus clitoridis, and from the 
adjacent portion of the ramus of the ischium. 
From these points fleshy fibers extend ante- 
riorly and end in an aponeurosis, which is 
inserted into the sides and undersurface of 
the crus clitoridis. 


Actions. The tschiocavernosus compresses the 
crus Clitoridis, retarding the return of blood through 
the veins, and thus serves to maintain erection of the 
clitoris. 


UROGENITAL DIAPHRAGM IN THE FEMALE. 
The urogenital diaphragm in the female, as 
in the male, is formed of two layers of fascia 
between which are interposed the deep 
transverse perineal muscle and the urethral 
sphincter. The fascial layers are not so 
strong in the female as in the male. Being 
attached to the pubic arch, the apices of the 


Glans clitoris 


External urethral orifice 
Vaginal orifice (surrounded by hymen) 


Labium minus 
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Bulbospongiosus m. 


Transversus perinei 
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Transversus perinei 
superficialis m. 
ischial tuberosity 


Obturator fascia 


Anus 


Gluteus maximus m. 


Anococcygeal ligt. 


Coccyx 


Muscles of the female perincum. The fat pad of the ischiorectal fossa has been removed to reveal the 


fascial layers are connected to the arcuate 
pubic ligament. Divided in the midline by 
the aperture of the vagina, the fasciae blend 
with the external coat of the vagina. Ante- 
rior to this the urogenital diaphragm is per- 
forated by the urethra. The posterior borders 
of the fasciae, as in the male, are continuous 
with the deep layer of the superficial fascia 
around the transversus perinei superficialis. 

Between the two fascial layers are found 
the deep dorsal vein of the clitoris, a portion 
of the urethra, the deep transverse perineal 
muscle and the sphincter urethrae muscle, 
the greater vestibular glands and their ducts, 
the internal pudendal vessels, the dorsal 
nerves of the clitoris, the arteries and nerves 
of the vestibular bulb, and a plexus of veins. 

TRANSVERSUS PERINEI PROFUNDUS. In the 
female, the deep transverse perineal muscle 
courses from the inferior ramus of the 
ischium to the side of the vagina, meeting 
fibers of the muscle from the opposite side. 


Action. The transversus perinei profundus 
helps to fix the perineal body. 


SPHINCTER URETHRAE. Like the corre- 
sponding muscle in the male, the sphincter 
urethrae in the female consists of external 
and internal fibers. The external fibers arise 
on each side from the margin of the inferior 
ramus of the pubis and the transverse peri- 
neal ligament. They are directed across the 
pubic arch in front of the urethra, and pass 
around it to blend with the muscular fibers 
of the opposite side, between the urethra 
and vagina. The internal fibers encircle the 
lower end of the urethra. 


Action. The sphincter urethrae of the two 
sides act together as a constrictor of the urethra. 

Nerve Supply. All the muscles of the female 
urogenital region are supplied by the second, third, 
and fourth sacral nerves by way of the perineal 
branch of the pudendal nerve. 


MUSCLES OF THE ANAL REGION 


Corrugator cutis ani 
sphincter ani externus 
Sphincter ani internus 


CORRUGATOR CuTISs ANI. Around the anus 
is a thin stratum of involuntary muscle and 
vellow elastic fibers that radiates from the 
orifice. Medially the fibers fade into the sub- 
mucous tissue, while laterally they blend 
with the true skin. 
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Action. By its contraction the corrugator cutis 
ani muscle puckers the skin, raising it into ridges 
around the anal orifice. 


EXTERNAL ANAL SPHINCTER. ‘The external 
anal sphincter is a flat plane of muscular fi- 
bers, elliptical in shape and intimately ad- 
herent to the integument surrounding the 
margin of the anus. It measures about 8 to 
10 cm from its anterior to its posterior ex- 
tremity, and is about 2.5cm broad opposite 
the anus. It surrounds the last 2cm of the 
anal canal and consists of three parts, subcu- 
taneous, superficial, and deep. The subcuta- 
neous lamina is a band of fibers that lies 
beneath the skin surrounding the anal ori- 
fice. Some fibers are attached anteriorly to 
the perineal body and posteriorly to the 
anococcygeal ligament. The superficial lam- 
ina lies deep to the subcutaneous lamina and 
constitutes the main portion of the muscle. 
It also arises from the narrow tendinous 
anococcygeal ligament, which stretches 
from the tip of the coccyx to the posterior 
margin of the anus. The muscle fibers then 
encircle the anus and meet in front to be in- 
serted into the perineal body, joining with 
fibers from the transversus perinei superfici- 
alis, the levator ani, and the bulbospongiosus. 
The deep layer forms a complete sphincter 
to the anal canal. Its fibers surround the 
canal, closely applied to the internal anal 
sphincter, and its deep fibers are interlaced 
with fibers of the puborectalis muscle. In 
front, the deep part of the external anal 
sphincter blends with the other muscles at 
the perineal body. In many individuals, the 
fibers decussate in front of the anus and are 
continuous with those of both transversus 
perinei superficialis muscles. Posteriorly, 
they are not attached to the coccyx, but are 
continuous with those of the opposite side 
behind the anal canal. The upper edge of the 
muscle is ill defined because some fibers join 
with those of the levator ani muscle. 


Actions. The action of the external anal 
sphincter is peculiar. Like some muscles, this mus- 
cle is always in a state of tonic contraction, and hav- 
ing no antagonistic muscle, it serves to keep the anal 
canal and orifice closed. Under voluntary control, 
the muscle can be made to contract more firmly, 
thereby occluding the anal aperture in expiratory ef- 
forts unconnected with defecation. Considering its 
bony attachment by way of the anococcygeal liga- 
ment at the coccyx, it helps to fix the perineal body 
so that the bulbospongiosus may act from this fixed 
point. During defecation the muscle relaxes, thereby 
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allowing the contents of the anal canal and rectum 
to be eliminated. 

Nerve Supply. The external anal sphincter is 
supplied by a branch from the fourth sacral and 
twigs from the inferior rectal branch of the pudenal 
nerve. 


INTERNAL ANAL SPHINCTER. The internal 
sphincter of the anus is a muscular ring that 
surrounds about 2.5 cm of the anal canal. Its 
inferior border is in contact with, but quite 
separate from, the external sphincter. It is 
about 5mm thick, and is formed by an ag- 
gregation of the involuntary circular fibers 
of the intestine. Its distal border is about 
6mm from the orifice of the anus. 


Actions. The action of the internal anal 
sphincter is entirely involuntary. It helps the exter- 
nal sphincter to occlude the anal aperture and aids 
in the expulsion of the feces. 

Nerve Supply. The internal anal sphincter ts 
supplied by fibers of the autonomic nervous sys- 
tem as is the musculature surrounding many of the 
abdominal and pelvic organs. 


Miuscles and Fasciae 
of the Upper Limb 


The structures of the upper limb will be 
described under the following headings: 


Muscles connecting the upper limb to the 
vertebral column 

Muscles connecting the upper limb to the 
thoracic wall 

Muscles of the shoulder 

Muscles of the arm 

Muscles of the forearm 

Fasciae, retinacula, synovial sheaths, and 
compartments of the wrist and hand 

Muscles of the hand 


MUSCLES CONNECTING THE UPPER LIMB TO 
THE VERTEBRAL COLUMN 


Trapezius 

Latissimus dorsi 
Rhomboid major 
Rhomboid minor 
Levator scapulae 


SUPERFICIAL FASCIA. The superficial fascia 
of the back is a thick fibrous and fatty layer 
that extends from the scalp to the gluteal 


region as a comparatively uniform sheet. At 
the sides of the neck and trunk, it gradually 
changes into a thinner or softer fascia char- 
acteristic of the more anterior regions. The 
dermal fibrous layer is thick and is bound 
down to the deeper layers by numerous 
heavy bands and septa, which divide the fat 
into small granular lobules and mattress the 
entire layer into a tough, resilient pad. The 
fascial cleft, usually present between the su- 
perficial and deep fascia, is lacking in the 
dorsal regions, making the superficial fascia 
firmer and less movable than that in the an- 
terior parts of the trunk and neck. 

DEEP FASCIA. The investing layer of deep 
fascia is attached in the midline to the liga- 
mentum nuchae, the supraspinal ligament, 
and the spinous processes of all vertebrae 
caudal to the sixth cervical. It splits to en- 
close the trapezius and the fleshy portion of 
the latissimus dorsi, but in the neck it covers 
the posterior triangle as a single layer and 
there becomes continuous with the investing 
layer of fascia of the anterior neck. It is at- 
tached, over the shoulder, to the acromion 
and spine of the scapula, and is then contin- 
uous with the deltoid fascia. Laterally from 
the latissimus, it is continuous with the axil- 
lary fascia above and with the deep fascia 
covering the external oblique muscle of the 
abdominal wall. Over the fleshy portions of 
the trapezius and latissimus, it is gray and 
felt-like, but strong and adherent both to the 
superficial fascia and to the muscles. In a tri- 
angular area bounded by the trapezius, del- 
toid, and latissimus, it is white and glisten- 
ing, forming an aponeurotic fascia over the 
infraspinatus. In the lumbar region, the deep 
fascia is greatly strengthened by having in- 
corporated in it the aponeurosis of origin of 
the latissimus dorsi. This portion constitutes 
the posterior layer of the thoracolumbar 
fascia. 

The investing fascia lining the deep sur- 
face of the trapezius is thickened by an accu- 
mulation of adipose tissue similar to that 
under the pectoralis major. Within it course 
the transverse cervical artery, its superficial 
(ascending) branch, and the accessory nerve. 
The fascia lining the deep surface of the 
fleshy portion of the latissimus is similar to 
that of the trapezius, but over the aponeuro- 
sis of the latissimus it loses its identity as a 
separate layer and is fused with the thoraco- 
lumbar fascia. 

The rhomboid muscles and the levator 


scapulae are enclosed in their own proper 
fascial sheaths, which are attached to the 
vertebrae and to the vertebral border of the 
scapula. The fascia along the superficial sur- 
face of these muscles, after attaching to the 
border of the scapula, continues laterally as 
the supra- and infraspinatus fasciae. The 
fascia deep to these muscles continues later- 
ally on the deep surface of the serratus ante- 
rior, and a distinct fascial cleft separates 
both superficial and deep surfaces of the 
rhomboids from contiguous structures. The 
fascia surrounding the levator scapulae is 
more adherent to surrounding structures 
and is continuous with the scalene fascia 
over the anterolateral aspect of the neck. 
THE TRAPEZIUS. The trapezius is the flat 
and triangular muscle that covers the poste- 
rior part of the neck, shoulders, and thorax 
(Fig. 6-42). It arises from the external occipi- 
tal protuberance and the medial third of the 
superior nuchal line of the occipital bone, 
from the ligamentum nuchae, the spinous 
process of the seventh cervical, and the spi- 
nous processes of all the thoracic vertebrae, 
and from the corresponding supraspinal lig- 
aments. From this origin, the superior fibers 
proceed downward and laterally, the infe- 
rior upward and laterally, and the middle 
horizontally. The superior fibers are inserted 
into the posterior border of the lateral third 
of the clavicle; the middle fibers into the 
medial margin-of the acromion and into the 
superior lip of the posterior border of the 
spine of the scapula; the inferior fibers con- 
verge near the scapula and end in an apo- 
neurosis that glides over the smooth triangu- 
lar surface on the medial end of the scapular 
spine and are inserted into a tubercle at the 
apex of this surface. At its occipital origin, 
the trapezius is connected to the bone by a 
thin fibrous lamina, firmly adherent to the 
skin. The middle part is connected to the spi- 
nous processes by a long triangular aponeu- 
rosis that reaches from the sixth cervical to 
the third thoracic vertebra, and joins with 
that of the opposite muscle to form a dia- 
mond-shaped tendinous area, observable as 
a hollow area in the middle of the back of 
the living subject. The rest of the muscle 
arises by numerous short tendinous fibers. 
The two trapezius muscles together resem- 
ble a trapezium, or diamond-shaped quad- 
rangle: the two lateral angles correspond to 
the shoulders; the third to the occipital pro- 
tuberance superiorly; and the fourth to the 
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spinous process of the twelfth thoracic ver- 
tebra inferiorly. 


Action. The trapezius muscle, especially the 
upper and lower fibers, functions most importantly 
in rotation of the scapula, so that the glenoid fossa is 
made to face upward as Is necessary in full abduc- 
tion of the upper extremity. This movement is per- 
formed by the upper fibers pulling superiorly on the 
acromion and lateral aspect of the scapular spine 
and the lower fibers pulling inferiorly on the medial 
aspect of the scapular spine. Rotation is assisted by 
the serratus anterior muscle. 

The upper part acting alone e/evates the shoulder, 
thereby bracing the shoulder girdle when a weight is 
being carried either on the shoulder or by the hand 
(Mortensen and Wiedenbauer, 1952; Bearn, 1961). 
The lower part draws the scapula downward. With 
both muscles acting together, the scapulae can be 
adducted and the head drawn directly backward. 

Nerve. The trapezius muscle receives its motor 
nerve supply from the spinal part of the spinal ac- 
cessory nerve. It also receives sensory branches 
(proprioceptive) from the ventral primary divisions of 
the third and fourth cervical nerves. 

Variations. Variations in the structure of the 
trapezius muscle can occur. Its attachments to the 
thoracic vertebrae are often reduced and the infer- 
ior ones absent. The occipital attachment may be 
small or wanting, and the clavicular attachment may 
be reduced, but is more often enlarged, covering 
most of the posterior triangle. The cervical and tho- 
racic portions may be separate. The muscles of the 
two sides are seldom symmetrical, and aberrant 
bundles are not uncommon. Complete absence of 
the trapezius has been described. 


LATISSIMUS DORS!. The latissimus dorsi is 
a large triangular muscle that covers the 
lumbar and lower half of the posterior tho- 
racic region (Fig. 6-42). Its origin is princi- 
pally in a broad aponeurosis, which joins the 
posterior layer of the thoracolumbar fascia 
(Fig. 6-18). By this means it is attached to the 
spinous processes of the lower six thoracic, 
the lumbar, and the sacral vertebrae; to the 
supraspinal ligament; and to the posterior 
part of the crest of the ilium. It also arises by 
muscular fasciculi from the external lip of 
the crest of the ilium lateral to the margin of 
the erector spinae, and from the caudal three 
or four ribs by fleshy digitations that are in- 
terposed between similar processes of the ex- 
ternal abdominal oblique muscle (Fig. 6-26). 
From this extensive origin, the fasciculi 
converge toward the upper humerus. Those 
of the upper part are almost horizontal and, 
as they pass over the inferior angle of the 
scapula, are joined by additional fasciculi 
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Fic. 6-42. Muscles connecting the upper limb to the vertebral column, 


arising from this bone. The muscle curves 
around the lower border of the teres major, 
twisting upon itself so that the superior fi- 
bers become initially posterior and then in- 
ferior, and the vertical fibers at first are ante- 
rior and then are superior. The muscle ends 
in a quadrilateral tendon about 7 cm long, 
which passes anterior to the tendon of the 
teres major and is inserted into the bottom of 
the intertubercular groove of the humerus. 
[ts insertion extends farther proximally on 
the humerus than that of the tendon of the 
pectoralis major. The inferior border of the 
latissimus tendon is united with that of the 
teres major, their tendons being separated 
near their insertions by a bursa underlying 
the tendon of the latissimus dorsi (Fig. 6-47). 
Another bursa is sometimes interposed be- 
tween the muscle and the inferior angle of 
the scapula. At its insertion, the latissimus 
tendon gives off an expansion to the deep 
fascia of the arm. 


Action. The latissimus dorsi extends, adducts, 
and rotates the humerus medially. It is a powerful 
swimming muscle, allowing the upper limbs to 
downstroke against the resistance of the water. With 
its insertion into the upper extremity fixed, this mus- 
cle is one of the most important climbing muscles 
because it elevates the trunk toward the arms 
when they are stretched above the head. 

The latissimus also aids in the forced expiratory 
movements of sneezing and coughing, as well as in 
deep inspiration. Additionally, through its attach- 
ment onto the humerus, itt can rotate the scapula 
downward, such movement bging required when 
the shoulders must bear the weight of the body in 
the use of crutches. 

Nerve. The latissimus dorsi is supplied by the 
thoracodorsal nerve (C6,/7,8) from the posterior 
cord of the brachial plexus. 

Variations. The number of thoracic vertebrae 
to which the latissimus dorsi is attached varies from 
four to eight. The number of costal attachments var- 
ies, and the muscle fibers may or may not reach the 
crest of the ilium. 

A muscular slip, the axillary arch, varying from 7 
to 10 cm in length and from 5 to 15 mm in breadth, 
occasionally springs from the upper border of the 
latissimus dorsi about the middle of the posterior 
fold of the axilla. When present, it crosses the axilla 
in front of the axillary vessels and nerves, and joins 
the deep surface of the tendon of the pectoralis 
major, the coracobrachialis, or the fascia over the 
biceps. Because the axillary arch crosses the axillary 
artery just above the site usually selected for applica- 
tion of a ligature, it may mislead the surgeon during 
that procedure. It is present in about 7% of subjects 
and may be easily recognized by the transverse di- 
rection of its fibers. 
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A fibrous slip usually passes from the inferior bor- 
der of the tendon of the latissimus dorsi, near its 
insertion, to the long head of the triceps brachii. This 
slip is occasionally muscular and is the representa- 
tive of the dorsoepitrochlearis brachii of apes. 

Clinical Considerations. The lumbar _ tri- 
angle (of Petit!) is a small triangular interval that 
separates the lateral margin of the lower portion of 
the latissimus dorsi from the external abdominal 
oblique muscle just above the ilium. The base of the 
triangle is the iliac crest, and its floor is formed by 
the internal abdominal oblique muscle. It is occa- 
sionally the site of an abdominal hernia. 

The triangle of auscultation is a landmark of 
clinical importance associated with the upper por- 
tion of the latissimus. This triangle is bounded supe- 
riorly by the trapezius, inferiorly by the latissimus 
dorsi, and laterally by the vertebral border of the 
scapula. The floor is partly formed by the rhomboid 
major. If the scapula is drawn anteriorly by folding 
the arms across the chest, and the trunk bent for- 
ward, parts of the sixth and seventh ribs and their 
interspace become subcutaneous and accessible for 
auscultation. 


RHOMBOID MAJOR. The rhomboid major 
(Fig. 6-42) arises by tendinous fibers from 
the spinous processes of the second, third, 
fourth, and fifth thoracic vertebrae and the 
supraspinal ligament. Its fibers course in- 
ferolaterally to be inserted by a narrow 
tendinous arch to the medial border of the 
scapula between the triangular surface at 
the root of the scapular spine above and the 
inferior angle of the scapula below. Usually 
the muscle fibers terminate in a tendinous 
arch, which then is attached to the scapula 
by a thin membrane. Occasionally, however, 
the muscle fibers are inserted directly into 
the scapula. 

RHOMBOID MINOR. The rhomboid minor 
(Fig. 6-42) arises from the inferior part of the 
ligamentum nuchae and from the spinous 
processes of the seventh cervical and first 
thoracic vertebrae. Its fibers course infero- 
laterally just superior to the rhomboid major 
to be inserted into the base of the triangular 
smooth surface at the root of the spine of the 
scapula. The rhomboid minor is usually sep- 
arated from the rhomboid major by a slight 
interval, but the adjacent margins of the two 
muscles are occasionally united. 


Action. The rhomboid major and minor mus- 
cles adduct the scapula by pulling it medially toward 
the vertebral column. They also support the scapula 
by elevating it, especially when weights are placed 


1Jean Louis Petit (1674-1750): French anatomist and sur- 
geon (Paris). 
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on the shoulder or carried by the upper extremity. 
The lower part of the rhomboid major rotates the 
scapula to depress the lateral angle, assisting in ad- 
duction of the upper extremity. 

Nerve. The rhomboid muscles are supplied by 
the dorsal scapular nerve from the brachial plexus, 
containing fibers from the fifth cervical nerve. 

Variations. The vertebral and scapular attach- 
ments of the two rhomboid muscles vary in extent. A 
small slip, which is called the rhomboid occipitalis, 
is occasionally found extending from the scapula to 
the occipital bone. 


LEVATOR SCAPULAE. This narrow elongated 
muscle is situated at the dorsal and lateral 
part of the neck (Fig. 6-42). It arises by tendi- 
nous slips from the transverse processes of 
the atlas and axis and from the posterior 
tubercles of the transverse processes of the 
third and fourth cervical vertebrae. It de- 
scends deep to the sternocleidomastoid, 
along the floor of the posterior triangle of the 
neck, and then under cover of the trapezius 
to be inserted into the vertebral border of 
the scapula, between the superior angle and 
the triangular smooth surface at the root of 
the spine. 


Action. The levator scapulae elevates the su- 
perior angle of the scapula, tends to draw the scap- 
ula medially, and rotates it so as to lower the lateral 
angle. With the scapula fixed, the levator scapulae 
bends the neck laterally and rotates it slightly toward 
the same side. 

Nerves. The levator scapulae is supplied directly 
by branches of the third and fourth cervical 
nerves from the cervical plexus. Frequently the 
lower portion of the muscle receives a branch of the 
dorsal scapular nerve, containing fibers from the 
fifth cervical nerve. 

Variations. The number of vertebral attach- 
ments of the levator scapulae varies. A slip may ex- 
tend to the occipital or mastoid bones; to the trape- 
zius, scalene, or serratus anterior; or to the first or 
second rib. The muscle may be subdivided into sev- 
eral distinct parts from origin to insertion. A slip 
from the transverse processes of one or two upper 
cervical vertebrae to the outer end of the clavicle 
corresponds to the levator claviculae muscle of 
lower animals. More or less union with the serratus 
anterior is not uncommon. 


MUSCLES CONNECTING 
THE UPPER LIMB 
TO THE THORACIC WALL 


Pectoralis major 
Pectoralis minor 


Subclavius 
Serratus anterior 


SUPERFICIAL FASCIA. The superficial fascia 
of the pectoral region is continuous with that 
of the neck superiorly, the abdomen inferi- 
orly, and the axilla and upper extremity lat- 
erally. The fasciculi of the platysma muscle 
extend down from the neck for a variable 
distance between its superficial and deep 
layers. In the female, the adipose tissue is 
increased and molded into a rounded mass, 
which gives the bulk and form to the mam- 
mary gland. The parenchyma of the gland is 
embedded in this fat, and thus the entire 
gland is located within the superficial fascia. 
The connective tissue stroma, distributed 
between the lobes of the gland, is thickened 
into fibrous bands called the suspensory lig- 
aments (of Cooper), which secure the skin 
to the deep layer of superficial fascia. A fas- 
cial cleft separates the superficial fascia 
from the deep fascia, allowing the mammary 
gland in its entirety to be easily removed 
from the underlying pectoralis major mus- 
cle. Through these fascial structures, carci- 
noma of the breast may make its presence 
known either by pulling on Cooper's liga- 
ments and dimpling the skin like an orange 
peel, or by interfering with the normal mov- 
ability of the gland due to adhesions be- 
tween the superficial and deep fasciae. 

PECTORAL FASCIA. The pectoral fascia (Fig. 
6-43) is a membranous sheet of deep fascia 
that consists of external investing fascia su- 
perficial to the pectoralis major and a deeper 
layer enclosing its inner surface. Its bony at- 
tachments are consistent throughout with 
those of the pectoralis major muscle, i.e., to 
the clavicle and sternum and to the hu- 
merus. The external layer is continuous me- 
dially, across the midline, with the pectoral 
fascia of the other side; superiorly and /ater- 
ally, with the brachial fascia that covers the 
coracobrachialis and biceps muscles; and in- 
feriorly, with the axillary, thoracic, and ab- 
dominal investing fasciae. At the more infe- 
rior sternocostal and abdominal origins of 
the pectoralis major muscle, the fascia is 
aponeurotic and is blended with the sheath 
of the rectus abdominis. The layer covering 
the deep surface of the muscle is thickened 
by a considerable pad of fat in which the 
thoracoacromial blood vessels and pectoral 
nerves are embedded. A definite fascial cleft 
separates this layer from the underlying 
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Fig. 6-43. Fasciae of axillary and pectoral regions in sagittal section. 


clavipectoral fascia (Fig. 6-43). The external 
and the deeper layers fuse at the borders of 
the muscle, forming a closed compartment. 
Beyond the superior border, the fascia sepa- 
rates again to enclose the deltoid muscle. 
Beyond the inferolateral border, however, a 
single sheet is formed which immediately 
becomes the axillary fascia. 

CLAVIPECTORAL FASCIA. The clavipectoral 
fascia is a stratum of deep fascia that lies 
between the deep layer of pectoral fascia 
and the thoracic wall (Fig. 6-43). It invests 
the pectoralis minor and subclavius muscles 
and extends from the clavicle to the axillary 
fascia. It attaches to the clavicle by means of 
two membranes which lie superficial and 
deep to the subclavius and are separated 
from each other by the insertion of the mus- 
cle. The two sheets form a compartment for 
the subclavius by fusing at the muscle’s in- 
ferior border into a single sheet, which 
stretches across the interval between the 
subclavius and the pectoralis minor. Extend- 
ing laterally to the coracoid process and 
medially to the first rib, this fascia becomes 
strengthened by the addition of fibrous bun- 
dles to form the costocoracoid ligament. 


This strong band helps to stabilize and brace 
the clavicle, thereby serving to strengthen 
the clavicular articulations both medially 
and laterally. From its attachment to the cor- 
acoid process, the fascia passes downward 
as a thin sheet, investing the pectoralis 
minor on both its surfaces and attaching to 
the ribs with the origin of this muscle. Be- 
tween the ribs the clavipectoral fascia is 
continuous with the external intercostal fas- 
cia. At the superior border of the pectoralis 
minor, the two layers investing the muscle 
fuse into the single sheet that bridges the tri- 
angular interval between the _ pectoralis 
minor and the subclavius. This single sheet 
is thin below the ligament and has one or 
more openings through which pass the tho- 
racoacromial artery and vein, the cephalic 
vein, and the lateral pectoral nerve. At the 
inferior or lateral border of the pectoralis 
minor, the two layers that enclose the mus- 
cle combine again into a single sheet, which 
then passes into the axilla and fuses with the 
deep surface of the axillary fascia a short 
distance from the lateral border of the pecto- 
ralis major. The axillary sheath, which en- 
closes the axillary vessels and the nerves of 
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the brachial plexus, passes deep to the clavi- 
pectoral fascia and is separated from it by 
some of the fat in the deep axilla. 

AXILLARY FASCIA. The portion of investing 
fascia called the axillary fascia (Fig. 6-43) 
crosses the interval between the lateral bor- 
ders of the pectoralis major and latissimus 
dorsi and dips inward to form the hollow of 
the armpit. It is adherent to the superficial 
fascia and is continuous with the pectoral, 
latissimus, serratus, and brachial fasciae. 
Fused with its deep surface in the hollow of 
the armpit is the termination of the clavipec- 
toral fascia, which has continued laterally 
from the pectoralis minor and is named the 
suspensory ligament of the axilla. It is be- 
lieved that the hollow of the armpit, seen 
when the arm is abducted, is produced 
mainly by the traction of this suspensory lig- 
ament on the axillarv floor. 

THE AXILLA. The axilla comprises more 
than the externally visible armpit. It is a re- 
gion, shaped like a pyramid, between the 
medial side of the arm and the lateral sur- 
face of the chest wall. Its base is directed 
inferolaterally and is formed by the skin of 
the armpit, while its apex is bounded by the 
approximation of three bones—the first rib, 
the clavicle, and the coracoid process. The 
axilla is filled with adipose tissue through 
which course the important vessels and 
nerves that supply the upper extremity. 
Additionally, many lymphatics draining the 
upper extremity and the anterior chest wall 
(including the mammary gland) are located 
in the axilla. The walls of the axilla are 
formed by the fascial coverings over the fol- 
lowing muscles: anteriorly, the pectoralis 
major and minor; posteriorly, the latissimus 
dorsi, teres major, and subscapularis; medi- 
ally, the serratus anterior; and laterally, the 
coracobrachialis and biceps (Fig. 6-45). At 
the apex of the axilla, the adipose padding is 
continuous with a mass of similar tissue in 
_ the posterior triangle of the neck, and the 
fascia covering the first two ribs and first in- 
tercostal space is continuous with the sca- 
lene fascia of the cervical region. The latter 
fascia descends from the neck, deep to the 
clavicle, with the large vessels and nerves of 
the axilla to form a tubular investment for 
these structures called the axillary sheath. 
This sheath, partially adherent to the clavi- 
pectoral fascia on the deep surface of the 
subclavius and pectoralis minor as it passes 
under them, traverses the lateral wall of the 


axilla along the coracobrachialis to become 
fused with the anterior surface of the medial 
intermuscular septum of the arm. 
PECTORALIS MAJOR. The pectoralis major 
is a thick, fan-shaped muscle situated on the 
anterior and superior aspect of the chest 
(Fig. 6-44). It arises from the anterior surface 
of the sternal half of the clavicle; from half 
the breadth of the anterior surface of the 
sternum, as far down as the attachment of 
the cartilage of the sixth or seventh rib; from 
the cartilages of all the true ribs, with the 
exception, frequently, of the first and/or 
seventh; and from the aponeurosis of the 
external abdominal oblique muscle. The 
muscle fibers, from this extensive origin, 
converge toward the anterior wall of the ax- 
illa. The fibers of the clavicular part pass 
obliquely downward and laterally and are 
usually separated from the rest by a slight 
interval. The fibers of the sternocostal part 
course horizontally from the mid-sternum 
and its attached ribs, or ascend from the 
lower sternum and its associated ribs and 
costal cartilages. The fibers composing the 
abdominal part ascend almost vertically 
toward the axilla. All three parts of the mus- 
cle end in a flat tendon, about 5cm broad, 
which is inserted into the lower end of the 
lateral lip of the intertubercular sulcus of the 
humerus. This tendon terminates in three 
laminae, which are oriented longitudinally 
and insert parallel to each other on the bone, 
the posterior two blending together below in 
the form of a U. The anterior lamina is the 
thickest and receives the clavicular fibers of 
the muscle. These descend directly and in- 
sert in the same order as that by which they 
arise, that is, the most lateral of the clavicu- 
lar fibers are inserted at the most superior 
part of the anterior lamina and the most 
medial clavicular fibers insert most inferi- 
orly in the lamina. The fibers of the sterno- 
costal part fold upon themselves to form the 
middle and posterior laminae of insertion, 
which are continuous with each other inferi- 
orly. The upper sternal fibers from the ma- 
nubrium form the middle lamina, whereas 
the sternocostal fibers arising below the ster- 
nal angle and the fibers of the abdominal 
part form the posterior lamina of insertion. 
Because the lowermost fibers of the pectora- 
lis major insert highest on the posterior lam- 
ina and those arising progressively higher on 
the sternum insert progressively lower on 
the posterior lamina, the sternocostal and 
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Fic. 6-44. Superficial muscles of the chest and anterior arm. 


abdominal parts of the muscle give the 
twisted structure of the muscle at the ante- 
rior axillary fold. The posterior lamina ex- 
tends more superiorly on the humerus than 
either of the other two. From this posterior 
lamina an expansion is given off which cov- 
ers the intertubercular groove and blends 
with the capsule of the shoulder joint. From 
the deepest fibers of the posterior lamina at 
its insertion, a second expansion is given off 
which lines the intertubercular groove, 
while from the inferior border of the tendon 
a third expansion passes distally to the fas- 
cia of the arm. 


Action. The primary action of the pectoralis 
major is adduction of the arm; however, it is also a 
medial rotator of the humerus, especially if resist- 
ance must be overcome (Scheving and Pauly, 1959). 


The clavicular portion (along with the coracobrachi- 
alis and anterior fibers of the deltoid) helps to flex 
the humerus and adduct it medially across the mid- 
line. In contrast, the sternocostal portion (with the 
latissimus dorsi and teres major) can extend, against 
resistance, the flexed humerus to the side of the 
trunk. 

Nerves. The pectoralis major muscle is supplied 
by the medial and lateral pectoral nerves from the 
brachial plexus, containing fibers from the fifth, 
sixth, seventh, eighth cervical, and first thoracic 
nerves. 

Variations. The more frequent variations in the 
Structure of the pectoralis major are a greater or 
lesser extent of attachment to the ribs and sternum, 
varying size of the abdominal part or its absence, a 
greater or lesser extent of separation of the sterno- 
costal and clavicular parts, fusion of clavicular part 
with deltoid, or decussation of the two muscles in 
front of the sternum. Deficiency or absence of the 
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sternocostal part is not uncommon, but absence of 
the clavicular part is less frequent; rarely, the whole 
muscle is wanting. 

The costocoracoid is a muscular band occasion- 
ally found arising from the ribs or aponeurosis of the 
external oblique between the pectoralis major and 
latissimus dorsi and inserting onto the coracoid 
process. 

The chondroepitrochlearis is a muscular slip oc- 
casionally found arising from the costal cartilages or 
from the aponeurosis of the external oblique below 
the pectoralis major or from the pectoralis major it- 
self. The insertion is variable onto the inner side of 
the arm to the brachial fascia, intermuscular sep- 
tum, or medial epicondyle. 

The sternalis is a small superficial muscle at the 
sternal end of the pectoralis major at right angles to 
its fibers and parallel with the margin of the ster- 
num. It is supplied by the pectoral nerves, and when 
it is present, it is probably a misplaced part of the 
pectoralis. 


PECTORALIS MINOR. The pectoralis minor 
is a thin, triangular muscle, situated on the 






Sternum 


ny MY . t ao 
SOO TT NR 


a — NX 


Fig 6-45. 


upper part of the thorax, deep to the pecto- 
ralis major (Fig. 6-45). It arises from the su- 
perior margins and outer surfaces of the 
third, fourth, and fifth ribs, near their carti- 
lages, and from the aponeuroses covering 
the intercostal muscles. The fibers pass up- 
ward and laterally and converge to form a 
flat tendon, which is inserted into the medial 
border and superior surface of the coracoid 
process of the scapula. 


Action. The pectoralis minor draws the scap- 
ula forward and downward, a movement called pro- 
traction. It also rotates the scapula so as to lower the 
lateral angle during adduction of the arm. If the 
scapula is fixed by the levator scapulae, the pectora- 
lis minor raises the third, fourth, and fifth ribs during 
forced inspiration. 

Nerve. The pectoralis minor muscle is supplied 


by the medial pectoral nerve from the brachial 
plexus, containing fibers from the eighth cervical 
and first thoracic nerves. 

Variations. 


The origin of the pectoralis minor 


\ Radius 


Deep muscles of the chest and front of the arm, with the boundaries of the axilla. 


may extend from the second through the fifth ribs. 
The tendon of insertion may extend over the cora- 
coid process to the greater tubercle of the humerus. 
The muscle may be split into several parts, but its 
complete absence is rare. 

The pectoralis minimus is a slip from the carti- 
lage of the first rib to the coracoid process and is 
found rarely. 


THE suBCcLAvIUS. This small cylindrical 
muscle is placed between the clavicle and 
the first rib (Fig. 6-45). It arises by a short, 
thick tendon from the first rib and its carti- 
lage at their junction. The fleshy fibers pro- 
ceed obliquely upward and laterally to be 
inserted into the groove on the inferior sur- 
face of the middle third of the clavicle be- 
tween the costoclavicular and conoid liga- 
ments. 


Action. The subclavius depresses and pulls 
forward the lateral end of the clavicle, thereby help- 
ing to stabilize that bone during movements at the 
shoulder joint. 

Nerve. The subclavius is supplied by a special 
nerve from the lateral trunk of the brachial plexus 
which contains fibers from the fifth and sixth cervi- 
cal nerves. 

Variations. Insertion of the subclavius may 
occur onto the coracoid process of the scapula in- 
stead of the clavicle or onto both bones. 

At times a slip of muscle called the sterno- 
clavicularis extends from the manubrium to the clav- 
icle between the pectoralis major and coracoclavic- 
ular fascia. 


SERRATUS ANTERIOR. The serratus anterior 
is a thin muscular sheet that is situated be- 
tween the ribs and the scapula, spreading 
over the lateral part of the chest (Fig. 6-45). It 
arises by fleshy digitations from the outer 
surfaces and superior borders of the first 
eight or nine ribs, and from the aponeuroses 
covering the intervening intercostal muscles. 
Each digitation (except the first) arises from 
the corresponding rib. The first springs from 
the first and second ribs and from the fascia 
covering the first intercostal space. The 
lower four slips interdigitate at their origins 
with the upper five slips of the external ab- 
dominal oblique muscle. From this exten- 
sive attachment the fibers pass backward, 
closely applied to the chest wall, to be in- 
serted onto the ventral surface of the medial 
(vertebral) border of the scapula. The first 
digitation is inserted into a triangular area 
on the anterior surface of the superior angle. 
The next two digitations spread out to form 
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a thin, triangular sheet, the base of which is 
directed posteriorly and is inserted into 
nearly the whole length of the anterior sur- 
face of the vertebral border. The lower five 
or six digitations converge like a fan, the 
apex of which is inserted by muscular and 
tendinous fibers into a triangular impression 
on the anterior surface of the inferior angle. 


Action. The serratus anterior draws the medial 
border of the scapula anteriorly close to the thoracic 
wall, thereby preventing the bone from protruding 
backward (winging) in reaching and pushing move- 
ments. Its upper fibers help suspend the scapula, 
while the lower fibers assist in upward rotation of the 
scapula by laterally rotating the inferior angle. This 
latter action raises the point of the shoulder, thereby 
helping in abduction of the arm. During the first 90° 
of abduction of the humerus, the serratus anterior 
helps to brace the scapula, allowing the deltoid to 
abduct the arm. When the arm is abducted to 90°, 
further abduction to 180° (raising the arm straight 
overhead) can only be accomplished by lateral rota- 
tion of the inferior angle of the scapula (i.e., upward 
rotation of the glenoid fossa), performed by the ser- 
ratus anterior below and by both the upper and 
lower fibers of the trapezius. 

Nerve. The serratus anterior is supplied by the 
long thoracic nerve from the brachial plexus, con- 
taining fibers from the fifth, sixth, and seventh cervi- 
cal nerves. 

Variations. Varying attachments of the serratus 
anterior include attachment to the tenth rib, absence 
of attachment to the first rib or to one or more of the 
lower ribs, attachment with the levator scapulae, 
external intercostals, or external abdominal oblique 
muscles. The muscle may be divided into three 
parts, and the middle part may be defective or ab- 
sent. 


MUSCLES OF THE SHOULDER 


Deltoid 
Subscapularis 
Supraspinatus 
Infraspinatus 
Teres minor 
Teres major 


These six muscles of the shoulder all ex- 
tend from the scapula to the humerus and 
act on the shoulder joint. The deltoid, which 
also attaches to the clavicle, overlies the 
other five and itself is covered by its deep 
fascial layer, the deltoid fascia. 

DELTOID FASCIA. This deltoid portion of 
the investing fascia covers the deltoid mus- 
cle and is attached superiorly to the clavicle, 
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acromion, and spine of the scapula. Inferi- 
orly, it is continuous with the brachial fas- 
cia, and anteriorly, it bridges the narrow tri- 
angular region between the adjacent borders 
of the deltoid and the pectoralis major. In 
this interval, called the deltopectoral tri- 
angle, the fascia is thick but is pierced by the 
cephalic vein and deltoid branch of the tho- 
racoacromial artery. The deltoid fascia is 
stronger posteriorly and is continuous with 
the infraspinatus fascia. Along both borders 
of the deltoid, the investing layer fuses with 
the fascia lining the deep surface of the mus- 
cle to form a closed compartment. The deep 
layer may contain adipose tissue and is sepa- 
rated by a distinct fascial cleft from the 
underlying humerus, subdeltoid bursa, 
shoulder joint, and associated tendons and 
ligament. 

THE DELTOID. The deltoid is a large, thick, 
triangular muscle that covers the shoulder 
joint anteriorly, posteriorly, and laterally 
(Fig. 6-44). It arises from the anterior and 
superior surfaces of the lateral third of the 
clavicle, from the lateral margin and supe- 
rior surface of the acromion, and from the 
lower lip of the posterior border of the spine 
of the scapula, as far dorsally as the triangu- 
lar surface at its medial end. From this ex- 
tensive origin the fibers converge toward 
their insertion, the middle passing vertically, 
the anterior obliquely backward and later- 
ally, and the posterior obliquely forward 
and laterally. They unite in a thick tendon, 
which is inserted into the deltoid tuberosity 
on the lateral aspect of the body of the hu- 
merus, midway along the shaft. At its inser- 
tion the muscle gives off an expansion to the 
deep fascia of the arm. The deltoid is re- 
markably coarse in texture, and the arrange- 
ment of its fibers is somewhat peculiar. The 
central portion of the muscle, arising from 
the acromion, consists of oblique fibers that 
are multipennate in form. These spring from 
the sides of interspersed tendons, generally 
four in number, which are attached above to 
the acromion and pass distally parallel to 
one another in the substance of the muscle. 
The fibers are attached to these four tendons 
above, and then attached to three similarly 
interspersed tendons which ascend from the 
deltoid tuberosity below. The portions of the 
muscle arising from the clavicle and spine of 
the scapula are not arranged in this manner, 
but attach directly into the margins of the 
tendon of insertion. 


Action. The principal function of the deltoid 
muscle is abduction of the arm, an action that is 
initiated with the supraspinatus. Abduction its ef- 
fected primarily by the multipennate acromial por- 
tion of the muscle, with the anterior and posterior 
fibers bracing the limb to steady the abducted arm. 
The clavicular portion aids the pectoralis major in 
flexing the arm, and the spinous portion aids the 
latissimus dorsi in extending the arm. 

Nerve. The deltoid is supplied by the axillary 
nerve from the brachial plexus, containing fibers 
from the fifth and sixth cervical nerves. 

Variations. Large variations in the structure of 
the deltoid muscle are uncommon, but more or less 
splitting is common. Continuation into the trapezius, 
fusion with the pectoralis major, additional slips 
from the vertebral border of the scapula, infraspinous 
fascia, and axillary border of scapula are not uncom- 
mon variations. Its insertion varies in extent and 
rarely is prolonged to the origin of the brachioradi- 
alis. 


SUBSCAPULAR FASCIA. The subscapular 
fascia is a thin membrane attached to the 
entire circumference of the subscapular 
fossa, affording attachment by its deep sur- 
face to some of the fibers of the subscapu- 
laris muscle. 

THE SUBSCAPULARIS. The subscapularis 
(Fig. 6-45) is a large triangular muscle that 
fills the subscapular fossa of the scapula; it 
arises from the medial two-thirds of this 
fossa and from the lower two-thirds of the 
groove on the lateral axillary border of the 
bone. Some fibers arise from tendinous lami- 
nae that intersect the muscle and are at- 
tached to ridges on the bone; others arise 
from an aponeurosis that separates the mus- 
cle from the teres major and the long head of 
the triceps brachii. The fibers pass laterally 
and, gradually converging, end in a tendon 
that is inserted into the lesser tubercle of the 
humerus and the anterior part of the capsule 
of the shoulder joint. The tendon of the mus- 
cle is separated from the neck of the scap- 
ula by a large bursa, which usually com- 
municates with the cavity of the shoulder 
joint through an aperture in the capsule 
(Fig. 6-47). 


Action. The subscapularis, acting with the 
other scapular muscles of the musculotendinous ro- 
tator cuff (supraspinatus, infraspinatus, teres minor), 
gives stability to the shoulder joint by maintaining 
the humeral! head in the glenoid fossa. It especially 
helps to prevent anterior displacement of the hu- 
merus. When the arm is by the side of the body, the 
subscapularis acts as a medial rotator of the hu- 
merus. 


Nerves. The subscapularis is supplied by the 
upper and lower subscapular nerves from the 
brachial plexus, containing fibers from the fifth and 
sixth cervical nerves. 


SUPRASPINATUS FASCIA. The supraspina- 
tus fascia completes the osseofibrous sheath 
in which the supraspinatus muscle is con- 
tained. It affords attachment, on its deep sur- 
face, to some of the fibers of the muscle. The 
fascia is thick medially, but thinner laterally 
under the coracoacromial ligament. 

THE SUPRASPINATUS. This muscle occu- 
pies the whole of the supraspinatus fossa, 
arising from its medial two-thirds and from 
the strong supraspinatus fascia (Fig. 6-46). 
The muscular fibers converge to form a ten- 
don that crosses the upper part of the shoul- 
der joint, deep to the acromion, and is 
inserted into the highest of the three im- 
pressions on the greater tubercle of the 
humerus. The tendon is closely adherent to 
the tendon of the infraspinatus and to the 
capsule of the shoulder joint. 
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Action. The supraspinatus, with the other mus- 
cles forming the rotator cuff, especially strengthens 
the shoulder joint by drawing the humerus toward 
the glenoid fossa. Along with the deltoid, the supra- 
spinatus assists and, perhaps, initiates abduction of 
the arm, and it is also a lateral rotator of the hu- 
merus. 

Nerve. The supraspinatus is supplied by 
branches of the suprascapular nerve from the 
brachial plexus that contain fibers from the fifth cer- 
vical nerve. 


INFRASPINATUS FASCIA. This fascia is a 
dense fibrous membrane that covers the 
infraspinatus muscle and is fixed to the cir- 
cumference of the infraspinatus fossa. It 
affords attachment, by its deep surface, to 
some fibers of that muscle and is intimately 
attached to the deltoid fascia along the over- 
lapping border of the deltoid muscle. 

THE INFRASPINATUS. This thick triangular 
muscle occupies most of the infraspinatus 
fossa (Fig. 6-46). It arises by fleshy fibers 
from the medial two-thirds of the fossa and 
by tendinous fibers from the ridges on its 





Fic. 6-46. Muscles on the posterior aspect of the scapula, 
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surfaces It also arises from the infraspinatus 
fascia, which covers the muscle and sepa- 
rates it from the teres major and minor. The 
fibers converge to form a tendon that 
glides over the lateral border of the spine of 
the scapula and, passing across the posterior 
part of the capsule of the shoulder joint, is 
inserted into the middle impression on the 
greater tubercle of the humerus, where it is 
sometimes fused with its neighbors. The ten- 
don of this muscle is sometimes separated 
from the capsule of the shoulder joint by a 
bursa, which may communicate with the 
joint cavity. 


Action. The infraspinatus, as one of the mus- 
cles forming the rotator cuff, helps to stabilize the 
shoulder joint by bracing the head of the humerus in 
the glenoid fossa. It is also a lateral rotator of the 
humerus. 

Nerve. The infraspinatus is supplied by the su- 
prascapular nerve from the brachial plexus, which 
contains fibers from the fifth and sixth cervical 
nerves. 


TERES MINOR. The teres minor is a Cylin- 
drical, elongated muscle that arises from the 
upper two-thirds of the dorsal surface of the 
lateral or axillary border of the scapula and 
from two aponeurotic laminae, one of which 
separates it from the infraspinatus, the other 
from the teres major (Fig. 6-46). Its fibers 
course obliquely upward and laterally. The 
upper fibers end in a tendon that is inserted 
into the most inferior of the three impres- 
sions on the greater tubercle of the humerus, 
and the lower fibers are inserted directly 
into the humerus immediately distal to this 
impression. The tendon of this muscle 
passes across, and is united with, the poste- 
rior part of the capsule of the shoulder joint. 


Action. The teres minor rotates the arm laterally 
and weakly adducts it. As do the other muscles 
forming the rotator cuff, it draws the humerus to- 
ward the glenoid fossa, strengthening the shoulder 
joint. 

Nerve. The teres minor is supplied by a branch 
of the axillary nerve, which comes from the poste- 
rior cord of the brachial plexus and contains fibers 
from the fifth cervical root. 

Variations. The teres minor is sometimes in- 
separable from the infraspinatus. 


TERES MAJOR. The teres major is a thick 
but somewhat flattened muscle that arises 
from the oval area on the dorsal surface of 
the inferior angle of the scapula and from 


the fibrous septa interposed between the 
muscle and the teres minor and infraspina- 
tus. The fibers are directed superiorly and 
laterally and end in a flat tendon, about 5cm 
long, which is inserted into the medial lip of 
the intertubercular sulcus of the humerus. 
The tendon, at its insertion, lies beneath that 
of the latissimus dorsi, from which it is sepa- 
rated by a bursa (Fig. 6-47), except where the 
two tendons unite along their lower borders 
for a short distance. 


Action. The teres major adducts as well as as- 
sists in extending the arm when it is in a flexed posi- 
tion. It is also a medial rotator. In function it is oppo- 
site to those muscles inserting into the rotator cuff. 

Nerve. The teres major is supplied by a branch 
of the lower subscapular nerve from the brachial 
plexus, containing fibers from the fifth and sixth cer- 
vical nerves. 

Group Action of Muscles About the Shoul- 
der. Flexion of the arm is brought about by the 
anterior part of the deltoid, coracobrachialis, and 
short head of the biceps, acting at the shoulder joint, 
and by the trapezius and serratus anterior rotating 
the inferior angle of the scapula laterally on the pos- 
terior thoracic wall to raise the point of the shoulder. 
The clavicular part of the pectoralis major also as- 
sists in flexion until the arm is raised above the 
shoulder. 

Extension of the arm is brought about by the latis- 
simus dorsi, acting on both the shoulder joint and 
the scapula, and it is strongly assisted by the sterno- 
costal part of the pectoralis major except in hyperex- 
tension. The teres major, posterior deltoid, and long 
head of the triceps extend the arm at the shoulder 
joint. The scapula is protracted (rotated forward and 
downward) by the pectoralis minor and retracted 
(drawn backward) by the rhomboids and trapezius. 

Abduction of the arm is carried out by the deltoid 
and supraspinatus, acting on the shoulder joint, and 
by the trapezius and serratus anterior rotating the 
scapula to raise the shoulder. 

Adduction of the arm is performed principally by 
the pectoralis major and latissimus dorsi, and by the 
coracobrachialis and teres major acting on the 
shoulder joint, by the pectoralis minor protracting 
the scapula, and by the lower portion of the trape- 
zius, which draws the scapula downward. 

Medial rotation of the humerus is brought about 
primarily by the subscapularis and teres major when 
it is performed as a voluntary act, but the pectoralis 
major and latissimus dorsi have strong medial rotat- 
ing power incidental to their contraction. 

Lateral rotation of the humerus is performed by 
the infraspinatus, supraspinatus, and teres minor. 

Independent movements of the scapula are e/eva- 
tion by the levator scapulae and upper part of the 
trapezius; depression by the pectoralis minor, lower 
trapezius, and lower serratus anterior; abduction of 
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tatissimus dorsi m. 
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Teres major m. 


Fic. 6-47. Muscular insertions and bursae around the shoulder joint. (From Rauber-Kopsch, 19th Ed., Vol. 1, Georg 


Thieme Verlag, Stuttgart.) 


the scapula (drawing it forward) by the serratus an- 
terior, as in pushing; adduction of the scapula (draw- 
ing it backward) by the rhomboids and trapezius. 


Sd 


MUSCLES OF THE ARM 


The arm is defined as that part of the 
upper limb extending between the shoulder 
joint and the elbow joint. The arm contains 
four muscles: 


Coracobrachialis 
Biceps brachii 
Brachialis 
Triceps brachii 


BRACHIAL FASCIA. The portion of the in- 
vesting fascia that covers the arm is a strong 
membrane, but it is not, for the most part, 
distinctly aponeurotic. It is called the brach- 
ial fascia and is continuous proximally with 
the deltoid, pectoral, and axillary fasciae. 
Attaching distally to the epicondyles of the 
humerus and the olecranon, the brachial fas- 
cia is then continuous with the antebrachial 
fascia. Beginning at the attachment to the 


epicondyles and prolonged proximally into 
the arm are two intermuscular septa, medial 
and lateral, which divide the arm into flexor 
and extensor compartments (Fig. 6-48). The 
lateral brachial intermuscular septum is at- 
tached along the lateral supracondylar ridge 
and is fused with the internal surface of the 
investing brachial fascia. The septum ex- 
tends distally to the lateral epicondyle and 
proximally to the insertion of the deltoid, 
where it continues into the deltoid fascia. Its 
posterior surface is used by the triceps for 
the origin of some of its fibers, while the an- 
terior surface gives origin to some fibers of 
the brachialis, brachioradialis, and extensor 
carpi radialis longus. Its distal portion is 
pierced by the radial nerve and the radial 
collateral branch of the deep brachial 
artery. The medial brachial intermuscular 
septum is attached to the medial supracon- 
dylar ridge below, and it extends from the 
medial epicondyle distally to the insertions 
of the teres major and latissimus dorsi proxi- 
mally. Some fibers of the triceps originate 
from its dorsal surface, and some fibers of 
the brachialis from its ventral surface. It is 
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pierced near the epicondyle by the ulnar 
nerve, the superior ulnar collateral artery, 
and the posterior branch of the inferior 
ulnar collateral artery. The medial septum 
appears much thicker than the lateral be- 
cause the axillary sheath, containing the 
main vessels and nerves of the arm, blends 
with its ventral surface, and the nerves and 
vessels continue this close association down 
to the elbow. The two intermuscular septa 
and the investing fascia of the posterior 
aspect of the arm form the posterior or ex- 
tensor compartment, which contains the 
triceps, radial nerve, and deep brachial 
artery (Fig. 6-48). The anterior or flexor com- 
partment contains the biceps, the brachialis, 
part of the coracobrachialis, the brachial 
vessels, and the median and ulnar nerves. 
The relationship of the investing fascia to 
the muscles is different on the dorsal and 
ventral aspects of the arm. The fascia over 
the triceps is adherent to the muscle and is 
used in part for its origin. In contrast, the 
fascia over the biceps is separated from the 
muscle by a distinct fascial cleft which con- 
tinues around its deep surface, thereby also 
separating the biceps from the brachialis. 
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Cross section through the middle of the right arm. Viewed from the superior aspect. 


Just below the middle of the arm, the ante- 
rior investing fascia is pierced medially by 
the basilic vein and at several sites by fila- 
ments of the brachial cutaneous nerves. 

THE CORACOBRACHIALIS. The coracobra- 
chialis is the smallest of the three muscles in 
this region (Figs. 6-45; 6-49). Situated at the 
upper and medial part of the arm, it arises 
from the apex of the coracoid process, in 
common with the short head of the biceps 
brachii, and from the intermuscular septum 
between the two muscles. It is inserted by 
means of a flat tendon into an impression at 
the middle of the medial surface and border 
of the body of the humerus between the ori- 
gins of the triceps brachii and brachialis. It 
is perforated by the musculocutaneous 
nerve. 


Action. The coracobrachialis muscle flexes and 
adducts the arm. 

Nerve. The coracobrachialis ts supplied by a 
branch of the musculocutaneous nerve that con- 
tains fibers from the sixth and seventh cervical 
nerves. 

Variations. The most frequent variation in the 
attachment of the coracobrachialis is for the most 


superficial portion to reach as far as the medial epi- 
condyle. More rarely a short head is found inserting 
on the lesser tubercle. 


BICEPS BRACHII. The biceps brachii is a 
long fusiform muscle, placed on the anterior 
aspect of the arm, that consists of two 
heads, a fact implied by its name (Figs. 6-45; 
6-48; 6-49). The short head arises by a thick 
flattened tendon from the apex of the cora- 
coid process, in common with the coraco- 
brachialis. The long head arises within the 
capsule of the shoulder joint from the supra- 
glenoid tuberosity at the upper margin of the 
glenoid cavity, and is continuous with the 
glenoidal labrum. This tendon, enclosed in a 
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special sheath of the synovial membrane of 
the shoulder joint, arches over the head of 
the humerus. It emerges from the capsule 
through an opening between the two tuber- 
cles, deep to the transverse humeral liga- 
ment, and descends in the intertubercular 
sulcus. It is retained in the sulcus by the 
transverse humeral ligament and by a fi- 
brous prolongation from the tendon of the 
pectoralis major. The tendon of each head is 
succeeded by an elongated muscular belly, 
and the two bellies, although closely applied 
to each other, can readily be separated down 
to about 7cm above the elbow joint. Here 
they end in a flattened tendon, which is in- 
serted into the rough posterior surface of the 
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Fic. 6-49. Muscles of the right shoulder and arm, viewed from the anterior aspect. Note that the pectoralis major and 
minor muscles have been cut near their insertions to reveal the underlying structures. (From Benninghoff and 
Goerttler, Lehrbuch der Anatomie des Menschen, Urban & Schwarzenberg, 11th Ed., Vol. 1, 1975.) 
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tuberosity of the radius, a bursa being inter- 
posed between the tendon and the anterior 
part of the tuberosity. As the tendon of the 
muscle approaches the radius it is twisted, 
so that its anterior surface becomes lateral at 
its insertion to the tuberosity of the radius. 
Opposite the bend of the elbow the tendon 
gives off a broad aponeurosis from its medial 
side, the bicipital aponeurosis (lacertus 
fibrosus), which passes obliquely downward 
and medially across the brachial artery and 
is continuous with the deep fascia covering 
the origins of the flexor muscles of the fore- 
arm (Fig. 6-49). 


Action. When the forearm is partially flexed, 
the biceps brachii is a powerful supinator of the 
forearm. This action is less powerful when the fore- 
arm is extended. It is also an important flexor of the 
supinated forearm, and upon continued action, tt 
can flex, although not so powerfully, the arm at the 
shoulder joint. The biceps does not appear to act as 
a flexor of the pronated forearm. 

One can conceive of the action of the biceps in the 
use of a screwdriver, placed in the right hand and 
turning a screw in a clockwise manner. It has also 
cleverly been described as the muscle that puts in 
the corkscrew and pulls out the cork. The tendon of 
the long head also helps to prevent the elevation of 
the head of the humerus during abduction by the 
deltoid. 

Nerves. The biceps brachii is supplied by 
branches of the musculocutaneous nerve that con- 
tain fibers from the fifth and sixth cervical nerves. 

Variations. A third head to the biceps brachii 
frequently is noted (10%), arising at the upper and 
medial part of the brachialis. Its fibers are continu- 
ous with those of the brachialis and are inserted into 
the bicipital fascia and medial side of the tendon of 
that muscle. In most cases, this additional slip lies 
deep to the brachial artery in its course down the 
arm. In some instances the third head consists of 
two slips, which pass downward, one superficial and 
the other deep to the artery, concealing the vessel in 
the lower half of the arm. More rarely, a fourth head 
is seen arising from the lateral aspect of the hu- 
merus, from the intertubercular groove, or from the 
greater tubercle. Other heads are occasionally 
found. Slips sometimes pass from the inner border 
of the muscle over the brachial artery to the medial 
intermuscular septum or the medial epicondyle, or 
more rarely to the pronator teres or brachialis. The 
long head may be absent or may arise from the inter- 
tubercular groove. 


THE BRACHIALIS. The brachialis muscle 
covers the lower half of the humerus and the 
anterior aspect of the elbow joint (Figs. 6-45; 
6-48; 6-49). It arises from the distal half of the 
anterior surface of the humerus, commenc- 


ing at the insertion of the deltoid, which it 
embraces by two angular processes. Its ori- 
gin extends distally to within 2.5 cm of the 
margin of the articular surface of the elbow 
joint. It also arises from the intermuscular 
septa, but more extensively from the medial 
than the lateral. Distally, it is separated from 
the lateral intermuscular septum by the bra- 
chioradialis and extensor carpi radialis 
longus. Its fibers converge to a thick tendon, 
which is inserted into the tuberosity of the 
ulna and the rough depression on the ante- 
rior surface of the coronoid process. 


Action. The brachialis is a powerful flexor of 
the forearm. 

Nerve. The brachialis is supplied by a branch of 
the musculocutaneous nerve, containing fibers 
from the fifth and sixth cervical nerves. Usually a 
small branch of the radial nerve supplies some of the 
lateral part of the muscle; this may be a sensory 
nerve. 

Variations. Occasionally the brachialis may be 
doubled or, more rarely, additional muscular slips to 
the supinator, pronator teres, biceps, bicipital fascia, 
or radius are found. 


TRICEPS BRACHII. The triceps is situated 
on the dorsal aspect of the arm within the 
extensor compartment and extends along 
the entire length of the dorsal surface of the 
humerus (Figs. 6-46; 6-48). It is a large muscle 
that arises by three heads: long, lateral, and 
medial, hence its name. 

The long head arises by a flattened tendon 
from the infraglenoid tuberosity of the scap- 
ula. It is blended proximally with the cap- 
sule of the shoulder joint. The muscle fibers 
pass downward between the two other 
heads of the muscle, joining them in the ten- 
don of insertion. 

The lateral head arises from the posterior 
surface of the body of the humerus, between 
the insertion of the teres minor and the prox- 
imal part of the oblique groove for the radial 
nerve, and from the lateral border of the 
humerus and the lateral intermuscular sep- 
tum. From this origin, the fibers converge 
toward the tendon of insertion. 

The medial head, which really might be 
considered the deep head, arises from the 
posterior surface of the body of the hu- 
merus, distal to the groove for the radial 
nerve. It also arises from the medial border 
of the humerus and from the whole length of 
the medial intermuscular septum. The me- 
dial head is narrow and pointed proximally, 
and it extends from the insertion of the teres 


major to within 2.5 cm of the trochlea. Some 
of the fibers are directed downward to the 
olecranon, while others converge to the ten- 
don of insertion. 

The tendon of the triceps begins about the 
middle of the muscle. It consists of two apo- 
neurotic laminae, one of which is immedi- 
ately subcutaneous and covers the superfi- 
cial surface of the distal half of the muscle, 
and the other more deeply seated in the sub- 
stance of the muscle. After receiving the at- 
tachment of the muscular fibers, the two ten- 
dinous layers join a short distance above the 
elbow, and are inserted, for the most part, 
into the posterior portion of the proximal 
surface of the olecranon. A band of fibers is 
continued downward, on the lateral side, 
over the anconeus muscle to blend with the 
deep fascia of the forearm. 


Triangular and Quadrangular Spaces. The 
long head of the triceps descends between the teres 
minor and teres major, dividing the triangular space 
between these two muscles and the humerus into 
two smaller spaces, one triangular and the other 
quadrangular (Fig. 6-46). The triangular space 
transmits the scapular circumflex vessels. !t is 
bounded superiorly by the teres minor; inferiorly, by 
the teres major; and /atera/ly, by the long head of the 
triceps. The quadrangular space transmits the pos- 
terior humeral circumflex vessels and the axillary 
nerve. Superiorly, it is bounded by the teres minor 
and capsule of the shoulder joint; inferiorly, by the 
teres major; medially, by the long head of the tri- 
ceps; and /aterally, by the humerus. 

Action. All three heads of the triceps brachii 
extend the forearm at the elbow joint. The long and 
lateral heads are especially active against resistance. 
The long head, arising from the scapula, is also able 
to extend the humerus at the shoulder joint. 

Nerves. The triceps brachii is supplied by 
branches of the radial nerve that contain fibers from 
the seventh and eighth cervical nerves. 

Variations. At times this muscle receives a 
fourth head from the inner part of the humerus. A 
muscular slip, the dorsoepitrochlearis brachii at 
times extends from the latissimus dorsi to the long 
head of the triceps. 

Articularis Cubiti. Also called the subanconeus, 
this structure consists only of a few fibers that spring 
from the deep surface of the lower part of the triceps 
and are inserted into the posterior aspect of the artic- 
ular capsule of the elbow Joint. 


MUSCLES OF THE FOREARM 


ANTEBRACHIAL FASCIAE. The portion of the 
investing fascia that covers the proximal 
forearm is a strong aponeurotic sheet, 
closely adherent to the underlying muscles 
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(Fig. 6-50). Proximally, it is continuous with 
the brachial fascia and is attached to the epi- 
condyles of the humerus and the olecranon. 
Distally, it is attached to the lower portions 
of the radius and ulna and is continued into 
the fascia of the hand. It is attached to the 
dorsal border of the ulna through most of its 
length, closing off the flexor and extensor 
compartments of the forearm. In the proxi- 
mal two-thirds of the forearm, the underly- 
ing muscles utilize the deep surface of the 
investing fascia for attachment of some mus- 
cle fibers. The fascia also extends deep 
between the muscles toward the radius and 
ulna, forming strong intermuscular septa 
which also allow attachment of muscle fi- 
bers. The anterior or volar aspect of the an- 
tebrachial fascia is visibly thickened by col- 
lagenous bundles derived from the tendon of 
the biceps, which fans out medially as an 
aponeurosis of the biceps brachii muscle. 
On the posterior aspect of the forearm, the 
fascia is even thicker, receiving similar col- 
lagenous bundles from the triceps tendon. 
Near the distal ends of the radius and ulna, 
the fascia is abruptly thickened by the addi- 
tion of prominent, annular, collagenous bun- 
dles, which form the flexor and extensor ret- 
inacula. In the distal third of the forearm, the 
muscles and tendons are separated from the 
overlying fascia by fascial clefts, whereas 
more proximally, the fascia adheres to the 
underlying muscle tissue. The antebrachial 
fascia is pierced in several places by vessels 
and nerves. The largest aperture, anterior to 
the elbow, is penetrated by the branch of the 
median cubital vein that communicates with 
the deep veins in the antecubital fossa. The 
radius, ulna, and interosseous membrane 
form a septum dividing the forearm into an 
anterior flexor and a posterior extensor 
compartment. 

In the extensor compartment, an inter- 
muscular fascial cleft separates the superfi- 
cial from the deep muscles, especially near 
the wrist, but it is closed medially and later- 
ally and does not communicate with other 
clefts. In the flexor compartment, the inter- 
muscular fascial cleft is more extensive and 
may communicate with the fascial clefts of 
the palm. This cleft is especially prominent 
between the anterior surface of the pronator 
quadratus and the overlying muscles and 
tendons, and at this site it is called the ante- 
rior interosseous cleft. It continues proxi- 
mally between the flexors digitorum pro- 
fundus and superficialis and may follow 
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Fic. 6-50. Transverse section through the middle of the right forearm, viewed from above. 


along the ulnar vessels and nerve to the ante- 
cubital fossa. At the wrist, the anterior inter- 
osseous cleft continues distally deep to the 
flexor tendon sheaths to communicate with 
the middle palmar cleft of the hand. The an- 
tebrachial or forearm muscles may be di- 
vided into an anterior group, which occupies 
the flexor compartment, and a posterior 
group in the extensor compartment. 


Anterior Antebrachial Muscles 


These muscles are divided for conven- 
ience of description into two groups, super- 
ficial and deep. 


SUPERFICIAL FLEXOR GROUP 


Pronator teres 

Flexor carpi radialis 
Palmaris longus 

Flexor carpi ulnaris 

Flexor digitorum superficialis 


The superficial group of anterior ante- 
brachial muscles forms the rounded contour 


on the medial aspect of the upper forearm 
(Fig. 6-51). They take origin from the medial 
epicondyle of the humerus by a common 
tendon, and from the deep fascia of the fore- 
arm near the elbow, as well as from the 
septa, which pass from this fascia between 
the individual muscles. 

PRONATOR TERES. The pronator teres has 
two heads of origin, humeral and ulnar (Fig. 
6-51). The humeral head, larger and more 
superficial, arises immediately above the 
medial epicondyle, and also from the tendon 
common to the origin of the flexor muscles, 
from the intermuscular septum between it 
and the flexor carpi radialis, and from the 
antebrachial fascia. The ulnar head is a thin 
fasciculus that arises from the medial side of 
the coronoid process of the ulna and joins 
the humeral head at an acute angle. The 
median nerve enters the forearm between 
the two heads of the muscle and is sepa- 
rated from the ulnar artery by the ulnar 
head. The muscle passes obliquely across 
the forearm and ends in a flat tendon that is 
inserted on a rough impression about mid- 





Fic. 6-51. Anterior aspect of left forearm. Superficial 
muscles. 


way along the lateral surface of the body of 
the radius. The lateral border of the pronator 
teres forms the medial boundary of a trian- 
gular hollow, the cubital fossa, situated on 
the anterior aspect of the upper extremity in 
front of the elbow joint. Among other struc- 
tures, the fossa contains the median cubital 
vein, the brachial artery, the median nerve, 
and the tendon of the biceps muscle. 


Action. The pronator teres rotates the radius 
on the ulna, thereby pronating the forearm and the 
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hand. It also assists in flexing the forearm at the 
elbow joint. 

Nerve. The pronator teres is supplied by a 
branch of the median nerve that contains fibers 
from the sixth and seventh cervical nerves. 

Variations. At times the ulnar head may be 
absent. Additional slips may be derived from the 
medial intermuscular septum, the biceps, and occa- 
sionally from the brachialis muscle. 


FLEXOR CARPI RADIALIS. The flexor carpi 
radialis lies on the medial or ulnar side of 
the pronator teres (Figs. 6-50; 6-51). It arises 
from the medial epicondyle by the common 
flexor tendon, from the antebrachial fascia, 
and from the intermuscular septa between it 
and the pronator teres laterally, the palmaris 
longus medially, and the flexor digitorum 
superficialis which lies beneath. The muscle 
is slender and aponeurotic in structure at its 
origin; it increases in size and ends in a ten- 
don a little more than halfway down the 
forearm. The tendon passes through a canal 
in the lateral part of the flexor retinaculum 
and courses along a groove on the trape- 
Zium, which becomes converted into a canal 
by fibrous tissue and is lined by a synovial 
sheath. The tendon is inserted into the base 
of the second metacarpal bone and sends a 
slip to the base of the third metacarpal bone. 
In the distal part of the forearm, the radial 
artery lies between the tendon of the flexor 
carpi radialis and the brachioradialis. 


Action. The flexor carpi radialis flexes the 
hand at the wrist joint and helps to abduct (radially 
flex) it. 

Nerve. The flexor carpi radialis is supplied by a 
branch of the median nerve, containing fibers from 
the sixth and seventh cervical nerves. 

Variations. Occasionally slips from the tendon 
of the biceps, the bicipital fascia, the coronoid, and 
the radius have been found extending to the flexor 
carpi radialis. Its insertion often varies and may be 
extended to the trapezium or the fourth metacarpal. 
The muscle may be absent. 


PALMARIS LONGUS. The palmaris longus is 
a slender, fusiform muscle lying on the me- 
dial aspect of the flexor carpi radialis (Figs. 
6-50; 6-51). It arises from the medial epicon- 
dyle of the humerus by the common flexor 
tendon, from the intermuscular septa _ be- 
tween it and the adjacent muscles, and from 
the antebrachial fascia. It ends in a slender, 
flattened tendon, which passes superficial to 
the flexor retinaculum and is inserted into 
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the anterior aspect of the distal part of the 
flexor retinaculum and into the palmar apo- 
neurosis; it frequently sends a tendinous slip 
to the short muscles of the thumb. 


Action. The palmaris longus flexes the hand at 
the wrist. 
Nerve. The palmaris longus is innervated by a 


branch of the median nerve, containing fibers from 
the sixth and seventh cervical nerves. 

Variations. The palmaris longus is one of the 
most variable muscles in the body and is often 
(10%) absent. It may be tendinous proximally and 
muscular distally, or it may be muscular in the cen- 
ter with a tendon above and below. It may present 
two muscular bundles with a central tendon and 
might even consist solely of a tendinous band. The 
muscle may be doubled. Slips of origin from the cor- 
onoid process or from the radius have been seen. 
Partial or complete insertion into the antebrachial 
fascia, into the tendon of the flexor carpi ulnaris and 
pisiform bone, into the scaphoid, or into the hy- 
pothenar muscles has been observed. 


FLEXOR CARPI ULNARIS. This muscle lies 
along the ulnar side of the forearm (Figs. 
6-50; 6-51). It is formed from two heads, 
humeral and ulnar, connected by a tendi- 
nous arch, beneath which the ulnar nerve 
descends in the forearm and the posterior 
ulnar recurrent artery ascends to participate 
in the anastomosis around the elbow joint. 
The humeral head arises from the medial 
epicondyle of the humerus by the common 
flexor tendon. The ulnar head arises from 
the medial margin of the olecranon and from 
the upper two-thirds of the posterior border 
of the ulna by an aponeurosis common to it 
and the extensor carpi ulnaris and flexor 
digitorum profundus. It also arises from the 
intermuscular septum between it and the 
flexor digitorum superficialis. The fibers of 
the flexor carpi ulnaris end in a tendon that 
occupies the anterior part of the lower half 
of the muscle and, prolonged to the hamate 
and fifth metacarpal bones by the pisohamate 
and pisometacarpal ligaments, is inserted 
into the pisiform bone. It is also attached by 
a few fibers to the flexor retinaculum. Along 
the distal two-thirds of the forearm, the 
ulnar vessels and nerve lie on the lateral as- 
pect of the tendon of this muscle. 


Action. The flexor carpi ulnaris flexes and ad- 
ducts (ulnar flexes) the hand. 
Nerve. The flexor carpi ulnaris ts supplied by a 


branch of the ulnar nerve, containing fibers from 
the eighth cervical and first thoracic nerves. 

Variations. Occasionally the muscle receives a 
slip of origin from the coronoid. 

The epitrochleoanconeus is a small muscle that 
is often seen coursing over the ulnar nerve from the 
back of the medial condyle of the humerus to the 
medial aspect of the olecranon. 


FLEXOR DIGITORUM SuUPERFICIALIS. The 
flexor digitorum superficialis lies deep to the 
other muscles in the superficial flexor group 
(Figs. 6-50; 6-51). It is the largest of the mus- 
cles of the superficial group and is formed 
from two heads, humeroulnar and radial. 
The humeroulnar head arises from the me- 
dial epicondyle of the humerus by the com- 
mon flexor tendon, from the ulnar collateral 
ligament of the elbow joint, from the inter- 
muscular septa between it and the preceding 
muscles, and from the medial aspect of the 
coronoid process, proximal to the ulnar ori- 
gin of the pronator teres. The radial head is 
broad but thin. It arises from an oblique line 
on the anterior surface of the radius, and this 
line extends from the radial tuberosity to the 
insertion of the pronator teres. From its ori- 
gin the flexor digitorum superficialis quickly 
separates into two planes of muscular fibers, 
superficial and deep. The superficial plane 
divides into two parts, which end in tendons 
for the middle and ring fingers. The deep 
plane gives off a muscular slip to join the 
portion of the superficial plane that is associ- 
ated with the tendon of the ring finger: it 
then divides into two parts, which end in 
tendons for the index and little fingers. As 
the four tendons thus formed pass beneath 
the flexor retinaculum into the palm of the 
hand, they are arranged in pairs, the superfi- 
cial pair going to the middle and ring fingers, 
the deep pair to the index and little fingers. 
The tendons diverge in the palm, passing 
dorsal to the superficial palmar arch and dig- 
ital branches of the median and ulnar 
nerves. Opposite the bases of the first pha- 
langes, each tendon divides into two slips to 
allow the passage to each finger of the cor- 
responding tendon of the flexor digitorum 
profundus. The two slips then reunite and 
form a grooved channel for the reception of 
the accompanying tendon of the flexor digi- 
torum profundus. Finally, each superficialis 
tendon divides again to be inserted on the 
sides of the second phalanx of the corre- 
sponding fingers. 


Action. The flexor digitorum  superficialis 
flexes the second phalanx of each finger and, by 
continued action, flexes the first phalanx at the meta- 
carpophalangeal joint and the hand at the wrist joint. 

Nerves. The flexor digitorum superficialis is 
supplied by branches of the median nerve, contain- 
ing fibers from the seventh and eighth cervical and 
first thoracic nerves. 

Variations. The radial head, or little finger por- 
tion, of the flexor digitorum superficialis may be ab- 
sent. Accessory slips may occur from the tuberosity 
of the ulna to the index and middle finger portions. 
Another slip may be derived from the humeroulnar 
head to the flexor profundus, and variations occur in 
the origin of muscular slips to the little finger. 


DEEP FLEXOR GROUP 


Flexor digitorum profundus 
Flexor pollicis longus 
Pronator quadratus 


FLEXOR DIGITORUM PROFUNDUS. The flexor 
digitorum profundus is situated on the ulnar 
side of the forearm, immediately beneath the 
superficial flexors (Figs. 6-50; 6-52). It arises 
from the upper three-fourths of the anterior 
and medial surfaces of the body of the ulna, 
embracing the insertion of the brachialis 
above and extending downward to within a 
short distance of the pronator quadratus. It 
also arises from a depression on the medial 
aspect of the coronoid process; from the 
upper three-fourths of the dorsal border of 
the ulna by way of an aponeurosis in com- 
mon with the flexor and extensor carpi ul- 
naris; and from the ulnar. half of the interos- 
seous membrane. The muscle ends in four 
tendons, which enter the hand beneath the 
transverse carpal ligament, deep to the ten- 
dons of the flexor digitorum superficialis. 
The portion of the muscle for the index fin- 
ger is usually distinct throughout, but the 
tendons for the middle, ring, and little fin- 
gers are connected by areolar tissue and ten- 
dinous slips, as far as the palm of the hand. 
On the palmar aspect of the first phalanges, 
the tendons pass through the openings in the 
tendons of the flexor digitorum superficialis 
to finally become inserted into the bases of 
the last phalanges. Four small muscles, the 
lumbricals, are connected with the tendons 
of the flexor digitorum profundus in the 
palm. These will be described with the mus- 
cles of the hand. 

FIBROUS SHEATHS OF THE FLEXOR TENDONS. 


Distal to the metacarpophalangeal joints, the 
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Fig. 6-52. 
muscles. 
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Anterior aspect of the left forearm. Deep 
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tendons of the flexors digitorum superficialis 
and profundus lie in strong ligamentous tun- 
nels, the digital fibrous tendon sheaths. Each 
tunnel is lined by a synovial tendon sheath, 
which is a lubricated synovial layer reflected 
on the contained tendons. Within each digi- 
tal sheath, the tendons of the superficialis 
and profundus are connected to each other 
and to the phalanges by tendinous bands 
called vincula tendinum (Fig. 6-53). There 
are two types of vincula. (1) The vincula 
brevia, two in number in each finger, are 
fan-shaped expansions near the termination 
of the tendons. One connects the superfici- 
alis tendon to the palmar surface of the 
proximal interphalangeal joint and the head 
of the first phalanx, and the other connects 
the profundus tendon to the palmar surface 
of the distal interphalangeal joint and the 
head of the second phalanx. (2) The vincula 
longa are slender, independent bands that 
are found in two positions. One pair in each 
finger connects the deep surface of the pro- 
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fundus tendon to the subjacent superficialis 
tendon just distal to the site where the pro- 
fundus tendon traverses the split in the su- 
perficialis tendon. Another pair, or a single 
vinculum longum, connects the superficialis 
tendon to the proximal end of the first pha- 
lanx. 


Action. The flexor digitorum profundus flexes 
the terminal phalanx of each finger and, by contin- 
ued action, flexes the other phalanges and to some 
extent the hand. This muscle is the largest and most 
powerful of the forearm muscles. 

Nerves. The flexor digitorum profundus ts sup- 
plied by the anterior interosseous branch of the me- 
dian nerve and a branch of the ulnar nerve, con- 
taining fibers from the eighth cervical and first 
thoracic nerves. 

Variations. The index finger portion of the 
flexor digitorum profundus may arise partly from the 
proximal portion of the radius. Accessory slips may 
arise from the humeroulnar head of the flexor super- 
ficialis, the medial epicondyle, the coronoid process 
of the ulna, or the flexor pollicis longus. 


Tendon of abductor 
pollicis longus 


Trapezium 


Radial artery 


Tendon of ext. pollicis brevis 


Tendon of ext. pollicis longus 


write 


Flexor digitorum superficialis 
Flexor digitorum profundus 


Vincula longa 


Fic. 6-53. Tendons of the index finger of the right hand, viewed from the lateral (radial) aspect. Note the vincula longa 


and brevia. 


FLEXOR POLLICIS LONGUS. The flexor 


pollicis longus is situated on the radial side 
of the forearm, lateral to but on the same 
plane as the flexor digitorum profundus 
(Figs. 6-50; 6-52). It arises from the grooved 
volar surface of the body of the radius, which 
extends from immediately below the tuber- 
osity and oblique line to within a short dis- 
tance of the pronator quadratus. It also 
arises from the adjacent part of the interos- 
seous membrane and, generally, by a fleshy 
slip from the coronoid process of the ulna or 
from the medial epicondyle of the humerus. 
The fibers end in a flattened tendon, which 
passes deep to the flexor retinaculum, being 
then lodged between the lateral part of the 
flexor pollicis brevis and the oblique part of 
the adductor pollicis. Entering an osseoapo- 
neurotic canal, similar to those for the flexor 
tendons of the fingers, the muscle is inserted 
into the base of the distal phalanx of the 
thumb. The anterior interosseous (branch of 
the median) nerve and vessels pass down- 
ward in the forearm on the anterior aspect of 
the interosseous membrane between the 
flexor pollicis longus and flexor digitorum 
profundus. 


Action. The flexor pollicis longus flexes the 
second phalanx of the thumb and, by continued 
action, may flex the first phalanx at the metacarpo- 
phalangeal joint. 

Nerve. The flexor pollicis longus is supplied by 
the anterior tnterosseous branch of the median 
nerve, containing fibers from the eighth cervical and 
first thoracic nerves. ; 

Variations. The flexor pollicis longus may be 
connected by additional muscular slips to the flexor 
superficialis or profundus, or to the pronator teres. 
An additional tendon to the index finger is some- 
times found. 


PRONATOR QUADRATUS. This flat, small, 
quadrilateral muscle extends across the an- 
terior aspect of the distal parts of the radius 
and ulna (Fig. 6-52). It arises from the medial 
aspect of the anterior surface along the distal 
one-fourth of the ulna and from an oblique 
ridge marking this part of the bone. It also 
arises from a strong aponeurosis that covers 
the medial third of the muscle. The fibers 
pass laterally and slightly downward, to be 
inserted into the distal fourth of the lateral 
border and anterior surface of the shaft of 
the radius. The deeper fibers of the muscle 
are inserted into a triangular area above the 
ulnar notch of the radius. 
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Action. The pronator quadratus is the principal 
pronator of the hand. It is assisted by the pronator 
teres when additional power is required to pronate 
the hand against resistance (Basmajian and Travill, 
1961). 

Nerve. The pronator quadratus is supplied by 
the anterior interosseous branch of the median 
nerve, containing fibers from the eighth cervical and 
first thoracic nerves. 

Variations. The muscle may split into two or 
three layers, or it may have increased attachments 
proximally or distally. 


Posterior Antebrachial Muscles 


These muscles are divided for conven- 
ience of description into two groups, super- 
ficial and deep. 


SUPERFICIAL EXTENSOR GROUP 


Brachioradialis 

Extensor carpi radialis longus 
Extensor carpi radialis brevis 
Extensor digitorum 

Extensor digiti minimi 
Extensor carpi ulnaris 
Anconeus 


THE BRACHIORADIALIS. The brachioradi- 


alis is the most superficial muscle on the ra- 
dial side of the forearm (Figs. 6-50; 6-54). It 
arises from the upper two-thirds of the lat- 
eral supracondylar ridge of the humerus, 
between the brachialis and triceps muscles, 
and from the lateral intermuscular septum. 
Interposed between the brachioradialis and 
the brachialis are the radial nerve and the 
anastomosis between the radial collateral 
branch of the profunda artery and the radial 
recurrent artery. The muscle fibers end 
above the middle of the forearm in a flat ten- 
don, which is inserted into the lateral side of 
the base of the styloid process of the radius. 
The tendon is crossed near its insertion by 
the tendons of the abductor pollicis longus 
and extensor pollicis brevis. On its ulnar 
side is the radial artery. 


Action. Embryologically, the brachioradialis 
develops with the extensor muscles and is, in fact, 
even supplied by the radial nerve. However, it acts 
as a flexor of the forearm at the elbow joint. This 
action is especially evident when the forearm is 
semipronated and flexion is carried out against re- 
sistance. The brachioradialis usually does not act 
when the forearm ts Supinated or the flexion ts not 
intense. 


536 MUSCLES AND FASCIAE 









Abductor 
polticis 
longus 


Ext. pollicis 
brevis 


Ext. pollicis 
longus 


Fic. 6-54. Anterior aspect of the forearm and hand. 
Superficial muscles. 


Nerve. The brachioradialis is supplied by a 
branch of the radial nerve, containing fibers from 
the fifth and sixth cervical nerves. 

Variations. The brachioradialis may fuse with 
the brachialis. Its tendon of insertion may be divided 
into two or three slips, and the muscle may partially 
or completely insert into the middle of the radius. 
Additional muscular slips may extend to the tendon 
of the biceps, the tuberosity or oblique line of the 
radius, the extensor carpi radialis longus, or the ab- 
ductor pollicis longus. The muscle may be absent. In 
rare instances it is doubled. 


EXTENSOR CARPI RADIALIS LONGUS. ‘This 
muscle is placed partly deep to the brachio- 
radialis (Figs. 6-50; 6-54). It arises in line with 
the brachioradialis from the distal third of 
the lateral supracondylar ridge of the hu- 
merus, from the lateral intermuscular sep- 
tum, and by a few fibers from the common 
tendon of origin of the extensor muscles of 
the forearm. The muscle fibers end at the 
upper third of the forearm in a flat tendon, 
which runs along the lateral border of the 
radius, beneath the abductor pollicis longus 
and extensor pollicis brevis. It then passes 
deep to the extensor retinaculum, where it 
lies in a groove with the extensor carpi radi- 
alis brevis on the back of the radius, immedi- 
ately behind the styloid process. It is in- 
serted into the dorsal surface of the base of 
the second metacarpal bone, on its radial 
side (Fig. 6-53). 


Action. The extensor carpi radialis longus is 
capable of extending and abducting the hand at the 
wrist joint. This muscle, however, usually acts as a 
synergist during flexion of the fingers. Its effective- 
ness as an extensor of the hand becomes appreci- 
ated when a quick, intense extensor action Is re- 
quired. It is thought that this muscle, like the brachi- 
oradialis, is capable of flexing the forearm, although 
weakly. 

Nerve. The extensor carpi radialis longus is sup- 
plied by a branch of the radial nerve that contains 
fibers from the sixth and seventh cervical nerves. 


EXTENSOR CARPI RADIALIS BREVIS. This 
muscle is shorter, thicker, and partially cov- 
ered by the extensor carpi radialis longus 
(Figs. 6-50; 6-54). It arises from the lateral 
epicondyle of the humerus, by a tendon 
common to it and other extensor muscles, 
from the radial collateral ligament of the 
elbow joint, from a strong aponeurosis 
which covers its surface, and from the inter- 
muscular septa between it and the adjacent 
muscles. The fibers end about the middle of 


the forearm in a flat tendon, which is closely 
connected with that of the extensor carpi 
radialis longus and accompanies it to the 
wrist. Passing beneath the abductor pollicis 
longus and extensor pollicis brevis, and then 
beneath the extensor retinaculum, it is in- 
serted into the dorsal surface of the base of 
the third metacarpal bone on its radial side. 
Under the extensor retinaculum the tendon 
lies on the dorsum of the radius in a shallow 
groove, to the ulnar side of that which lodges 
the tendon of the extensor carpi radialis 
longus and separated from it by a faint ridge. 
The tendons of both the extensor carpi radi- 
alis longus and brevis pass through the same 
compartment of the dorsal carpal ligament 
in a single synovial sheath. 


Action. The extensor carpi radialis brevis ex- 
tends the hand and may also abduct (radially flex) 
the hand at the wrist joint. 

Nerve. The extensor carpi radialis brevis is sup- 
plied by a branch of the radial nerve, containing 
fibers from the sixth and seventh cervical nerves. 

Variations. The extensor carpi radialis longus 
and brevis may Split into two or three tendons of 
insertion to the second and third or even the fourth 
metacarpal. The two muscles may form a single 
belly with two tendons. Cross slips between the two 
muscles may occur. 

The extensor carpi radialis intermedius rarely 
arises as a distinct muscle from the humerus, but is 
not uncommon as an accessory slip from one or 
both muscles to the second or third or both metacar- 
pals. 

The extensor carpi radialis accessorius is occa- 
sionally found arising from “the humerus with or 
below the extensor carpi radialis longus and inserted 
into the first metacarpal, or attached to the abductor 
pollicis brevis, the first dorsal interosseous, or else- 
where. 


EXTENSOR DIGITORUM. The extensor digi- 
torum is the common extensor of the fingers. 
Lying centrally in the posterior forearm 
(Figs. 6-50; 6-54), it arises from the lateral 
epicondyle of the humerus by the common 
extensor tendon, from the intermuscular 
septa between it and the adjacent muscles, 
and from the antebrachial fascia. It divides 
distally into four tendons, which pass, to- 
gether with that of the extensor indicis, 
through a separate compartment deep to the 
extensor retinaculum, within a_ synovial 
sheath. The tendons then diverge on the 
back of the hand, each going to a different 
finger where it is inserted into the middle 
and distal phalanges. The tendon to the 
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index finger is accompanied by the extensor 
indicis, which lies on its ulnar side. As the 
tendons to the middle, ring, and little fingers 
descend along the dorsum of the hand, they 
are fastened together by three bands called 
the intertendinous connections. Occasion- 
ally the tendon of the index finger is con- 
nected to that of the middle finger by a thin 
transverse band. 

Opposite the metacarpophalangeal joint, 
each tendon is bound by fibrous tissue to the 
collateral ligaments and thereby serves as 
the dorsal ligament of this joint. Beyond the 
metacarpophalangeal joint, each tendon 
spreads out into a broad aponeurosis that 
covers the dorsal surface of the first phalanx. 
These are called the extensor hoods and are 
reinforced by the tendons of the interossei 
and lumbrical muscles. Opposite the proxi- 
mal interphalangeal joint, this aponeurosis 
divides into three slips, an intermediate and 
two collateral. The intermediate slip is in- 
serted into the base of the middle phalanx. 
The two collateral slips continue distally 
along the sides of the middle phalanx, unite 
by their contiguous margins, and are in- 
serted into the dorsal surface of the distal 
phalanx. As the tendons cross the interpha- 
langeal joints, they furnish them with dorsal 
ligaments. 


Action. The primary action of the extensor dig- 
itorum is extension of the fingers as in opening the 
clenched fist. In addition, it abducts the index, ring, 
and little finger in a spreading action away from the 
middle finger. Upon continued action this muscle 
can also extend the hand at the wrist. 

Nerve. The extensor digitorum is supplied by a 
branch of the deep radial nerve, containing fibers 
from the sixth, seventh, and eighth cervical nerves. 

Variations. An increase or decrease in the 
number of tendons is common, and an additional 
slip to the thumb is sometimes present. 


EXTENSOR DIGIT! MINIMI. The extensor dig- 
iti minimi is a slender muscle placed on the 
medial side of the extensor digitorum, with 
which it is generally connected (Figs. 6-50; 
6-54). It arises from the common extensor 
tendon by a thin tendinous slip and from the 
intermuscular septa between it and the adja- 
cent muscles. The muscle descends in the 
forearm between the extensor digitorum and 
the extensor carpi ulnaris and ends in a ten- 
don that courses through a compartment of 
the extensor retinaculum dorsal to the distal 
radioulnar joint. The tendon divides into 
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two as it crosses the hand, and finally joins 
the extensor hood and the tendon of the ex- 
tensor digitorum on the dorsum of the first 
phalanx of the little finger. 


Action. The extensor digiti minimi extends the 
little finger and, upon continued action, can aid in 
extending the hand at the wrist. 

Nerve. The extensor digiti minimi is innervated 
by a branch of the deep radial nerve, containing fi- 
bers from the sixth, seventh, and eighth cervical 
nerves. 

Variations. An additional fibrous slip may be 
found from the lateral epicondyle. The tendon of in- 
sertion may not divide, or it may send a slip to the 
ring finger. The muscle may be fused with the exten- 
sor digitorum, but its complete absence is rare. 


EXTENSOR CARPI ULNARIS. The extensor 
carpi ulnaris lies on the ulnar side of the 
forearm (Figs. 6-50: 6-54). It arises from the 
common extensor tendon on the lateral epi- 
condyle of the humerus, from the dorsal bor- 
der of the ulna by way of an aponeurosis in 
common with the flexor carpi ulnaris ard 
the flexor digitorum profundus, and from 
the deep fascia of the forearm. It ends in a 
tendon that les in a groove between the 
head and styloid process of the ulna, passing 
through a separate compartment of the ex- 
tensor retinaculum. The tendon is inserted 
onto the prominent tubercle at the ulnar side 
of the base of the fifth metacarpal bone. 


Action. The extensor carpi ulnaris extends 
and adducts the hand. Similar to the extensors carpi 
radialis longus and brevis, it also acts as a synergist 
to the flexors of the fingers, keeping the wrist ex- 
tended in order to give additional strength in main- 
taining a clenched fist or in grasping objects with the 
hand. 

Nerve. The extensor carpi ulnaris is supplied by 
a branch of the deep radial nerve, containing fibers 
from the sixth, seventh, and eighth cervical nerves. 

Variations. \|n many cases a slip is continued 
from the insertion of the tendon anteriorly over the 
opponens digiti minimi to the fascia covering that 
muscle, the fifth metacarpal bone, the capsule of the 
fifth metacarpophalangeal articulation, or the proxi- 
mal phalanx of the little finger. This slip may be re- 
placed by a muscular fasciculus arising from or near 
the pisiform. It may also insert partially onto the 
fourth metacarpal bone. The muscle may at times be 
reduced to a tendinous band, or it may be doubled. 


THE ANCONEUS. This small triangular 
muscle, which lies on the dorsum of the 
elbow joint, appears to be a continuation of 


the triceps brachii (Fig. 6-54). It arises by a 
separate tendon from the dorsal part of the 
lateral epicondyle of the humerus. Its fibers 
diverge and are inserted into the lateral as- 
pect of the olecranon and into the upper 
one-fourth of the dorsal surface of the body 
of the ulna. 


Action. The anconeus assists in extending the 
forearm. 
Nerves. The anconeus is supplied by a branch 


of the radial nerve that contains fibers from the 
seventh and eighth cervical nerves. 


DEEP EXTENSOR GROUP 


Supinator 

Abductor pollicis longus 
Extensor pollicis brevis 

Extensor pollicis longus 
Extensor indicis 


THE SUPINATOR. The supinator, a broad 
muscle, is curved around the upper one- 
third of the radius. It consists of two planes 
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Fic. 6-56. Posterior aspect of the forearm. Deep mus- 
cles. 


of fibers, between which the deep branch of 
the radial nerve lies (Figs. 6-55; 6-56). The 
two planes arise in common—the superficial 
one by tendinous and the deeper by muscu- 
lar fibers—from the lateral epicondyle of the 
humerus, from the radial collateral ligament 
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of the elbow joint and the annular ligament 
of the proximal radioulnar joint, from the 
supinator crest on the ulna, which runs ob- 
liquely downward from the dorsal end of the 
radial notch, from a triangular depression 
distal to the notch, and from a tendinous 
aponeurosis that covers the surface of the 
muscle. The superficial fibers surround the 
upper part of the radius and are inserted into 
the lateral edge of the radial tuberosity and 
the oblique line of the radius, as far down as 
the insertion of the pronator teres. The prox- 
imal fibers of the deeper plane encircle the 
neck of the radius to the radial tuberosity 
and are inserted onto the back part of its 
medial surface. The greater part of the deep 
portion of the muscle is inserted onto the 
dorsal and lateral aspects of the upper third 
of the radial shaft. 


Action. As its name implies, the supinator ro- 
tates the radius to supinate the forearm and hand. It 
is not as powerful as the biceps in this action but it is 
effective whether the forearm is flexed or extended, 
whereas the biceps principally supinates the flexed 
forearm. 

Nerve. The supinator is supplied by the deep 
branch of the radial nerve, containing fibers from 
the sixth cervical nerve. 


ABDUCTOR POLLICIS LONGUS. The abductor 
pollicis longus lies immediately below the 
supinator (Fig. 6-56) and is sometimes united 
with it. It arises from the lateral part of the 
posterior surface of the body of the ulna dis- 
tal to the insertion of the anconeus, from the 
interosseous membrane, and from the mid- 
dle third of the posterior surface of the body 
of the radius. Passing obliquely downward 
and laterally, it ends in a tendon that 
courses through a groove on the lateral side 
of the lower end of the radius, accompanied 
by the tendon of the extensor pollicis brevis. 
It is inserted into the radial side of the base 
of the first metacarpal bone (Fig. 6-53). It 
usually gives off two slips near its insertion: 
one to the trapezium and the other to blend 
with the origin of the abductor pollicis 
brevis. 


Action. The primary action of the abductor 
pollicis longus is a combined abduction and exten- 
sion of the thumb at the carpometacarpal joint. It Is 
also an important abductor (radial flexor) of the 
wrist, and its insertion allows it also to help in flexing 
the wrist. 


Nerve. The abductor pollicis longus is supplied 


540 vil 


SCLES AND rAsvulAt 


by the posterior interosseous branch of the deep 
radial nerve, containing fibers from the sixth and 
seventh cervical nerves. 


EXTENSOR POLLICIS BREVIS. Ihe extensor 
pollicis brevis lies medial to and contiguous 
with the abductor pollicis longus (Fig. 6-56). 
It arises from the posterior surface of the 
body of the radius below the abductor 
pollicis longus, and from the interosseous 
membrane. Its direction is similar to that of 
the abductor pollicis longus, and its tendon 
passes through the same groove on the lat- 
eral side of the distal end of the radius. It is 
inserted into the base of the first phalanx of 
the thumb (Fig. 6-53). 


Action. The extensor pollicis brevis extends 
the proximal phalanx at the metacarpophalangeal 
joint of the thumb. By continued action it can extend 
the first metacarpal bone at the carpometacarpal 
joint. It can also radially flex (abduct) the hand at the 
wrist. 

Nerve. The extensor pollicis brevis is supplied 
by the posterior interosseous branch of the deep 
radial nerve, containing fibers from the sixth and 
seventh cervical nerves. 

Variations. At times this muscle is absent, or its 
tendon ts fused with that of the extensor pollicis 
longus. 


EXTENSOR POLLICIS LONGUS. The extensor 
pollicis longus is much larger than the exten- 
sor pollicis brevis, the origin of which it 
partly covers (Figs. 6-50; 6-56). It arises from 
the middle third of the dorsolateral surface 
of the ulna distal to the origin of the abduc- 
tor pollicis longus, and from the interosseous 
membrane. It ends in a tendon that passes 
through a separate compartment in the ex- 
tensor retinaculum, lying in a= narrow, 
oblique groove on the dorsum of the lower 
end of the radius. It then crosses obliquely 
the tendons of the extensor carpi radialis 
longus and brevis, and is separated from the 
extensor pollicis brevis by a triangular inter- 
val, commonly referred to as the “anatomi- 
cal snuff-box,”’ in which the radial artery is 
found. Its tendon is finally inserted into the 
base of the last phalanx of the thumb. The 
radial artery is crossed by the tendons of the 
abductor pollicis longus and of the extensors 
pollicis longus and brevis before it pene- 
trates to the palmar side of the hand be- 
tween the two heads of the dorsal interosse- 
ous muscle. 


Action. The extensor pollicis longus extends 
the distal phalanx of the thumb and, by continued 
action, can extend the proximal phalanx and the first 
metacarpal bone. It also may assist in extension of 
the hand at the carpometacarpal joint. 

Nerve. The extensor pollicis longus is supplied 
by the posterior interosseous branch of the deep 
radial nerve, containing fibers from the sixth, sev- 
enth, and eighth cervical nerves. 


EXTENSOR iNDicis. This narrow, elon- 
gated muscle is placed medial to, and paral- 
lel with, the extensor pollicis longus. It 
arises from the posterior surface of the body 
of the ulna below the origin of the extensor 
pollicis longus, and from the interosseous 
membrane. Its tendon passes under the ex- 
tensor retinaculum in the same compart- 
ment that contains the tendons of the exten- 
sor digitorum. Opposite the head of the 
second metacarpal bone, the tendon of the 
extensor indicis joins the ulnar side of the 
tendon of the extensor digitorum coursing to 
the index finger, thereby inserting into the 
extensor hood of the second digit. 


Action. The extensor indicis allows extension 
of the index finger, independent of the other fingers. 
It assists in adduction of the index finger and can 
also help in extending the hand at the wrist joint. 

Nerve. The extensor indicis is supplied by the 
posterior interosseous branch of the deep radial 
nerve, containing fibers from the sixth, seventh, and 
eighth cervical nerves. 

Variations. A slip from the tendon of the exten- 
sor indicis may pass to the middle finger, and the 
muscle may, at times, be doubled. 

Group Actions of Forearm Muscles.  Flex- 
ion of the wrist joint is brought about by the flexor 
carpi ulnaris, flexor carpi radialis, palmaris longus, 
and abductor pollicis longus. If the fingers are kept 
extended and prevented from flexing, the flexors 
digitorum superficialis and profundus can assist in 
voluntary flexion at the wrist joint. 

Extension at the wrist joint is performed by the 
extensors carpi radialis longus and brevis and by the 
extensor carpi ulnaris. If the fingers are kept flexed 
as in a clenched fist, the extensor digitorum and ex- 
tensor pollicis longus can assist in extension at the 
wrist joint. 

Abduction (radial flexion) at the wrist joint princi- 
pally results from the action of the abductor pollicis 
longus and the extensor pollicis brevis; however, the 
flexor carpi radialis, the extensors carpi radialis 
longus and brevis, and the extensor pollicis longus 
all assist in this action. 

Adduction (ulnar flexion) at the wrist joint is per- 
formed by the combined action of the flexor carpi 
ulnaris and extensor carpi ulnaris. 


Pronation of the hand is brought about by the pro- 
nator quadratus and pronator teres muscles. 

Supination of the hand is performed by the supi- 
nator muscle and more strongly by the biceps bra- 
chit muscle. 


FASCIAE, RETINACULA, TENDON SHEATHS AND 
COMPARTMENTS OF THE WRIST AND HAND 


The tendons of the muscles in the forearm, 
which attach at the wrist or continue into 
the hand, along with the descending vessels 
and nerves, are retained close to bone by 
strong fascial structures. Additionally, the 
tendons are surrounded by lubricating syno- 
vial sheaths contained within compart- 
ments, that serve to further maximize effi- 
ciency of function. In the hand, fascial 
spaces of clinical significance separate the 
muscle groups and other structures. 


Superficial Fascia 


The superficial fascia on the anterior as- 
pect of the forearm changes its character 
abruptly at the distal crease of the wrist 
from a delicate movable tissue into the tough 
cushion that covers the palm and palmar 
surface of the digits. The superficial fascia of 
the hand contains a considerable amount of 
fat, but cannot be separated readily into su- 
perficial and deep layers. The adipose tissue 
is permeated by strong fibrous bands and 
septa, which divide it into small lobules and 
bind it securely to the deep fascia as well as 
to the skin. The dermis is compact; it not 
only protects the underlying structures, but 
also offers resistance to the progress of infec- 
tious processes seeking to achieve the sur- 
face. The vertical direction of the fibrous 
bands tends to guide the spread of infection 
into deeper layers. The superficial fascia is 
adherent to the deep fascia over the entire 
palm, but the union is especially strong at 
the skin creases of the wrist, the major 
creases of the palm, and the creases of the 
digits. At the medial and lateral borders of 
the hand and digits, the fascia changes its 
character rather abruptly as it becomes con- 
tinuous with the superficial fascia that cov- 
ers the dorsum of the hand. 

The superficial fascia over the dorsum of 
the hand and fingers is delicate and mova- 
ble, similar to that of the forearm with which 
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it is continuous. Its two layers can be identi- 
fied: the superficial layer is thin but may 
contain a small amount of fat; the deep layer 
of superficial fascia is a definite fibrous sheet 
and supports the superficial veins and cuta- 
neous nerves. It is separated from the deep 
fascia by a distinct fascial cleft, the dorsal 
subcutaneous cleft, which imparts the char- 
acteristic movability to the skin of the back 
of the hand. 


Deep Fascia 


The antebrachial fascia at the wrist is 
thickened into an annular band or cuff, 
which holds the tendons of the forearm mus- 
cles close against the wrist. This distal por- 
tion of the investing antebrachial fascia is 
strengthened by strong transverse collage- 
nous bundles. It is attached medially and lat- 
erally to the styloid processes of the ulna 
and radius, and it is frequently called the su- 
perficial part of the flexor retinaculum. At 
one time it was called the palmar (or volar) 
carpal ligament, but distally it actually 
merges with the flexor retinaculum. The 
ulnar nerve and vessels emerge from be- 
neath this layer of fascia to enter the hand 
superficial to the flexor retinaculum. 

FLEXOR RETINACULUM. ‘The flexor retinac- 
ulum (Fig. 6-57) is a thick fibrous band that 
arches over the deep groove on the palmar 
surface of the carpal bones, forming the car- 
pal tunnel through which the long flexor ten- 
dons and the median nerve pass. At one time 
this retinaculum was called the transverse 
carpal ligament. It is attached, medially, 
to the pisiform and the hamulus of the ha- 
mate, and /aterally, to the tuberosity of the 
scaphoid and the medial part of the palmar 
surface and ridge of the trapezium. Its proxi- 
mal border is partly merged with the distal 
portion of the investing antebrachial fascia, 
but the latter belongs to a different and more 
superficial stratum and is separated from the 
flexor retinaculum by the ulnar vessels and 
nerve. The flexor retinaculum is attached to 
the palmar aponeurosis, which lies superfi- 
cial to it, and contributes oblique crossed 
fibers to the deep surface of the aponeurosis. 
It has two attachments to the trapezium, one 
on each side of the groove in which the ten- 
don of the flexor carpi radialis lies. The 
flexor carpi ulnaris, at its insertion, contrib- 
utes tendinous fibers to the flexor retinacu- 
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Fic. 6-57. Synovial and fibrous tendon sheaths on the palmar aspect of the right wrist and hand. 


lum; to a large extent, the thenar and hypoth- 
enar muscles arise from it. 

EXTENSOR RETINACULUM. ‘The extensor ret- 
inaculum is a strong fibrous band under 
which the extensor tendons lie (Fig. 6-58). It 
is the distal portion of the investing ante- 
brachial fascia, which is thickened at the 
dorsum of the wrist by the addition of trans- 
verse collagenous bundles. These take a 
somewhat oblique course, extending distal- 
ward as they cross from the radial to the 
ulnar side. The retinaculum is attached me- 
dially to the styloid process of the ulna and 
to the triquetral and pisiform bones, and Iat- 


erally to the lateral margin of the radius. 
Between these medial and lateral borders, it 
is attached to the ridges on the dorsal sur- 
face of the radius. 


Tendon Sheaths 


As the forearm tendons descend through 
the wrist and into the hand and then along 
the digits. they are encased by synovial 
sheaths. These tubular structures, which re- 
semble the bursae found at other joints, are 
formed by inner visceral and outer parietal 
membranous layers with a potential space 


intervening that contains lubricating fluid. 
The two layers are interconnected by deli- 
cate bands called mesotendons, which carry 
the fine blood vessels to the tendons. Sheaths 
are found surrounding both flexor and ex- 
tensor tendons at the wrist. 

SYNOVIAL SHEATHS OF FLEXOR TENDONS. AS 
the flexor tendons pass deep to the flexor ret- 
inaculum, they are enclosed in two synovial 
sheaths (Fig. 6-57). The larger one contains 
all the tendons of the flexor digitorum super- 
ficialis and flexor digitorum profundus, and 
is called the common flexor tendon sheath 
(formerly called the ulnar bursa). The 
smaller one, found on the radial side, is 
called the tendon sheath of the flexor pollicis 
longus (radial bursa), and contains the ten- 
don of the long flexor of the thumb. The two 
sheaths extend into the forearm for about 
2.5cm proximal to the flexor retinaculum. 
The tendon sheath for the flexor pollicis 
longus extends distally to the terminal pha- 
lanx of the thumb, where the muscle inserts. 
The common flexor tendon sheath is contin- 
uous distally beyond the middle of the palm 
as the digital sheath only for the little finger. 
It is greatly reduced in diameter at the mid- 
palmar region by the formation of terminal 
diverticula about the tendons coursing to the 
second, third, and fourth digits. The tendons 
to these three fingers are without synovial 
sheaths for a short distance in the middle of 
the palm, but they have independent digital 
sheaths, beginning proximally over the 
heads of their metacarpal bones and contin- 
uing distally to the terminal phalanges, 
where the tendons of the flexor profundus 
insert. 

DIGITAL TENDON SHEATHS. The tendons of 
the flexors digitorum superficialis and pro- 
fundus are held in position along the digits 
by strong fibrous sheaths. These tunnels or 
canals are formed by the palmar surfaces of 
the phalanges and by strong collagenous 
bands that arch over the tendons and are at- 
tached to the margins of the phalanges on 
both sides. Opposite the middle of the proxi- 
mal and second phalanges, the fibrous 
Sheaths are reinforced by strong trans- 
versely coursing fibers, which form the an- 
nular part of the fibrous sheath. Opposite the 
joints, the fibrous sheaths are much thinner, 
and consist of obliquely coursing fibers. 
These form the cruciate part of the fibrous 
sheath (Fig. 6-57). At their proximal ends, the 
digital sheaths merge with the deeper parts 
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of the palmar aponeurosis. Within each of 
the five fibrous digital sheaths, there is a sy- 
novial tendon sheath. The fibrous sheath for 
the thumb is continuous with the tendon 
sheath of the flexor pollicis longus (radial 
bursa), and that for the little finger with the 
common flexor tendon sheath (ulnar bursa). 
Those for the other three fingers are closed 
proximally at the metacarpophalangeal 
joints (Fig. 6-57). 

SYNOVIAL SHEATHS OF EXTENSOR TENDONS. 
Between the extensor retinaculum and the 
carpal bones, six tunnels are formed for the 
passage of tendons, each tunnel having a 
separate synovial sheath (Fig. 6-58). One is 
found in each of the following positions: (1) 
on the lateral (radial) side of the styloid 
process of the radius, for the tendons of the 
abductor pollicis longus and extensor pollicis 
brevis; (2) dorsal to the styloid process, for 
the tendons of the extensors carpi radialis 
longus and brevis; (3) about the middle of 
the dorsal surface of the radius, for the ten- 
don of the extensor pollicis longus; (4) more 
medially, for the tendons of the extensor dig- 
itorum and extensor indicis; (5) opposite the 
interval between the radius and ulna, for the 
extensor digiti minimi; (6) between the head 
and styloid process of the ulna, for the ten- 
don of the extensor carpi ulnaris. The 
sheaths lining these tunnels all begin proxi- 
mal to the extensor retinaculum. Those for 
the tendons of the abductor pollicis longus, 
extensor pollicis brevis, extensors carpi ra- 
dialis longus and brevis, and extensor carpi 
ulnaris stop immediately proximal to the 
bases of the metacarpal bones, while the 
sheaths for the extensor digitorum, extensor 
indicis, and extensor digiti minimi are pro- 
longed an additional centimeter or more 
along the dorsum of the metacarpal bones. 


Deep Fascia of the Hand 


DEEP FASCIA OF THE PALM. The investing 
layer of deep fascia in the palm is continu- 
ous with the antebrachial fascia on the volar 
aspect of the wrist. At the borders of the 
hand, the deep palmar fascia is continuous 
with the fascia of the dorsum, attaching to 
the fifth metacarpal bone medially, and the 
first and second metacarpal bones laterally, 
as it passes over them. The thenar fascia, 
which covers the muscular eminence at the 
radial side of the hand, and the hypothenar 
fascia, which covers the eminence of the 
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Fic. 6-58. The synovial sheaths and tendons on the dorsal aspect of the wrist and hand. 


ulnar side, are similar in texture to the ante- 
brachial fascia. The central part of the palm, 
however, is greatly strengthened into what is 
called the palmar aponeurosis. 

The palmar aponeurosis (Fig. 6-59) is 
made up of two components: (1) a thick su- 
perficial stratum of longitudinal bundles, 
which are the direct continuation of the ten- 
don of the palmaris longus, and (2) a thinner 
deep stratum of transverse fibers, which is 
continuous with the flexor retinaculum. The 
two strata are intimately fused and partly 
interwoven. The deeper portion is securely 
attached to the flexor retinaculum, which 
may contribute obliquely running fibers to 
the aponeurosis. The longitudinal bundles of 


the superficial stratum form a uniform layer 
in the proximal part of the palm, but distally 
they fan out into divergent bands, which 
extend toward the bases of the digits and 
cover the long flexor tendons. The four 
bands to the fingers are heavier and more 
constant than the one to the thumb. Each of 
these bands has a double termination, super- 
ficially attaching to the skin and, more 
deeply, ending on the fibrous flexor tendon 
sheath. The most superficial fibers attach to 
the skin at the curved distal crease of the 
palm, while other superficial fibers termi- 
nate at the transverse crease at the base of 
the digits. The deeper portion of each band 
contributes to the fibrous tendon sheath in 
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Fic. 6-59. Superficial dissection of the palmar surface of the hand, demonstrating the palmar aponeurosis. 


two ways: some of the fibers continue dis- 
tally into the digit, assisting in the formation 
of the digital sheath, but the greater number 
of fibers form two arching ligamentous 
bands, which penetrate deeply toward the 
metacarpal bone on each side of the tendon. 
These bands attach to the bones, thus com- 
pleting the formation of tunnels at the heads 
of the metacarpal bones. In the central part 
of the palm, as the longitudinal bands di- 
verge, the intervals between them are occu- 
pied by the deeper transverse fibers. These 
transverse fasciculi extend as far distally as 
the heads of the metacarpal bones (Fig. 6-59). 


From this site to the webs between the digits, 
the intervals are not covered by aponeurosis. 
In this distal, uncovered portion, therefore, 
the digital vessels and nerves, as well as the 
tendons of the lumbrical muscles, are more 
readily accessible to the surgeon. The inter- 
vals are closed distally by other transverse 
fibers, which occupy and support the webs 
between the digits. These more distal trans- 
verse fibers collectively constitute the super- 
ficial transverse metacarpal ligament (also 
called superficial transverse ligament of the 
fingers, interdigital ligament, natatory liga- 
ment). They are usually distinct from the 
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transverse fasciculi, which form the deep 
stratum of the palmar aponeurosis, and they 
attach to the digital sheaths at the bases of 
the proximal phalanges, merging into fibrous 
septa at the sides of the fingers. The digital 
vessels and nerves enter the fingers deep to 
the superficial transverse metacarpal liga- 
ment (Fig. 6-59). 

As mentioned above, the band of longitu- 
dinal fibers that extends from the palmar 
aponeurosis toward the thumb is not as ro- 
bust as the other four. Some of these longitu- 
dinal fibers attach to the longitudinal crease 
of the palm medial to the thumb, many fuse 
with the fascia of the thenar eminence, and a 
few assist in the formation of the sheath for 
the flexor pollicis longus tendon. When the 
palmaris longus is absent (about 13%), the 
attachment of the palmar aponeurosis to the 
flexor retinaculum is strengthened in order 
to compensate for the loss of continuity with 
the palmaris longus tendon. The palmaris 
brevis is a small but constant muscle that 
lies superficial to the hypothenar fascia. It 
has its origin at the ulnar border of the pal- 
mar aponeurosis and inserts into the skin at 
the ulnar border of the palm. The palmar 
aponeurosis is fused at its radial border with 
the fascia covering the thenar eminence. 
From this line of union, a fascial layer is con- 
tinued deep into the palm and is attached to 
the first metacarpal bone, forming the thenar 
septum. Similarly, the aponeurosis is fused 
with the hypothenar fascia, and from this 
union a septum is continued deep to the fifth 
metacarpal to form the hypothenar septum. 
These two septa divide the palm into three 
compartments: a thenar, a hypothenar, and a 
central compartment (Fig. 6-60). 

DEEP FASCIA OF THE DORSUM OF THE HAND. 
The investing layer of deep fascia on the 
dorsum of the hand is directly continuous 
with the antebrachial fascia, which is thick- 
ened at the wrist by the addition of annular 
collagenous bundles into the extensor reti- 
naculum. On the ulnar side of the hand, the 
deep fascia of the dorsum is continuous with 
the hypothenar fascia beyond its attachment 
to the dorsum of the fifth metacarpal bone, 
and at the radial border of the hand, it is 
continuous with the thenar fascia dorsal to 
the first metacarpal bone on which the fascia 
attaches. The deep fascia on the dorsum 
forms the superficial boundary of a flat com- 
partment, which contains the tendons of the 
extensors of the digits. 


The deep fascia on the dorsum of the 
thumb, after being attached to the dorsum of 
the second metacarpal bone, continues later- 
ally over the first dorsal interosseous muscle, 
in the web between the thumb and the index 
finger, and is attached to the ulnar border of 
the first metacarpal bone. After forming a 
compartment for the extensor tendons of the 
thumb, it attaches to the radial border of the 
first metacarpal, where it becomes continu- 
ous with the thenar fascia. 


Compartments of the Hand 


Due to the attachments of the palmar 
fascia, the palm of the hand may be consid- 
ered to be divided into four compartments: 
the thenar, hypothenar, central, and interos- 
seous-adductor compartments. On the dor- 
sum of the hand is found the dorsal tendon 
compartment. These compartments are en- 
closed by fascial layers and contain muscles, 
bones, and other structures. Between the 
compartments (and fascial layers) are the 
fascial spaces or clefts. An appreciation of 
these compartments and spaces is still of sig- 
nificant clinical importance in an under- 
standing of the spread of infections and ab- 
scesses of the hand. 

THENAR COMPARTMENT. The thenar com- 
partment accounts for the thenar eminence 
of the palm and contains the short muscles 
of the thumb with the exception of the two 
heads of the adductor pollicis (Fig. 6-60). The 
inferomedial boundary is formed by the in- 
vesting layer of deep fascia and its inward 
continuation, the thenar septum, which lies 
between the adductor and the flexor brevis. 
The compartment is closed by the attach- 
ment of this fascia proximally to the carpal 
bones and the flexor retinaculum; distally, to 
the first phalanx at the insertion of the en- 
closed muscles; dorsally, along the subcuta- 
neous border of the first metacarpal bone; 
and ventrally, along the adductor. In addi- 
tion to the abductor brevis, the flexor brevis, 
and the opponens, other structures occupy- 
ing this compartment include the first meta- 
carpal bone, the superficial palmar branch 
of the radial artery, and a portion of the ten- 
don of the flexor pollicis longus enclosed in 
its tendon sheath. Within the compartment, 
the muscles are enclosed in their individual 
fascial sheaths and, for the most part, are 
separated from each other by fascial clefts, 
but these clefts do not communicate with 


each other nor with the major fascial spaces 
of the palm. 

HYPOTHENAR COMPARTMENT. This com- 
partment on the ulnar side of the hand forms 
the hypothenar eminence and contains the 
short muscles of the little finger (Fig. 6-60). It 
is enclosed by the hypothenar investing fas- 
cia and the hypothenar septum, which lies 
between the flexor digiti minimi and the 
third palmar interosseous muscles. The fas- 
cia forms a closed compartment by attaching 
along the fifth metacarpal bone on both the 
dorsal and palmar aspects of the muscles 
that it surrounds. Within the compartment 
are found the hypothenar muscles and 
branches of the ulnar nerve and artery. 

CENTRAL COMPARTMENT. The central com- 
partment is bounded medially and laterally 
by the thenar and hypothenar fascial septa; 
superficially, by the palmar aponeurosis; 
and deeply, by a fascial lamina, which cov- 
ers the deep surface of the long flexor ten- 
don mass and overlies the interossei and 
metacarpal bones (Fig. 6-60). The compart- 
ment contains the tendons of the flexor dig- 
itorum superficialis and flexor digitorum 
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profundus, the lumbrical muscles, the 
superficial palmar arch, the palmar branch 
of the median nerve, and the superficial 
branch of the ulnar nerve. The compartment 
iS Narrow proximally, but widens distally as 
the tendons diverge toward their fingers. Its 
fascial attachments close the compartment 
proximally, but the tendon sheaths within it 
extend back into the forearm, and its tissues 
merge distally with those of the webs and 
digits. 

INTEROSSEOUS-ADDUCTOR COMPARTMENT. 
Dorsal to the central compartment and sepa- 
rating the compartments of the palm and the 
dorsum of the hand is a region that contains 
principally the interossei and the adductor 
pollicis muscles; accordingly, this region is 
called the interosseous-adductor compart- 
ment. The compartment is enclosed by two 
fascial layers that are continuous with each 
other around its medial and lateral borders. 
The lamina on the dorsal surface, called the 
dorsal interosseous fascia, covers and is 
adherent to the dorsal surfaces of the second 
to fifth metacarpal bones and the interven- 
ing dorsal interossei (Fig. 6-61). The palmar 
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Fic. 6-60. Cross section of the hand, outlining (in red) the boundaries of the thenar, central palmar, and hypothenar 
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ous compartment. (From Hollinshead, Anatomy for Surgeons, 2nd Ed., Harper & Row, 1969.) 
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surface is covered by the palmar interosse- 
ous fascia on the ulnar half and by the fascia 
anterior to the adductor on the radial half. 
The compartment is closed by the attach- 
ment of these membranes at the origins of 
the muscles proximally and at their inser- 
tions distally. It contains the second, third, 
fourth, and fifth metacarpal bones, all the 
interossei, the transverse and oblique heads 
of the adductor pollicis, the deep palmar 
arch, and the deep branch of the ulnar nerve. 
The adductor and the interossei have been 
placed in the same rather than in separate 
compartments because the entire muscle 
mass lies deep to the palmar compartments 
and is separated from them by the major fas- 
cial spaces of the palm. A fascial cleft may 
separate the two heads of the adductor from 
each other and from the first dorsal interos- 
seous, and these clefts may communicate 
with the thenar cleft or with the tissue 
spaces of the web between the thumb and 
index finger. 

DORSAL TENDON COMPARTMENT. Qn the 
dorsum of the hand, the deep fascia splits 
into two layers, enclosing the dorsal tendon 
compartment which contains the extensor 
tendons. The more dorsal of these layers, 
called the supratendinous layer, is in conti- 
nuity proximally with the extensor retinacu- 
lum. The deeper layer, which is called the 
infratendinous layer, lies between the exten- 
sor tendons and the dorsal interosseous fas- 
cia. The dorsal tendon compartment is 
closed at the sides of the hand by the fusion 
of the two membranes into a single sheet 
where both are attached to the dorsum of the 
second and fifth metacarpal bones. It is 
closed distally by a fusion of the two layers 
at the webs between the fingers and their at- 
tachment to the joint capsules and tendinous 
expansions of the digits. 


Fascial Spaces (Clefts) 
in the Hand 


Fascial spaces or clefts are planes of cleav- 
age between fascial layers and should not be 
confused with fascial compartments, which 
are enclosures formed by fascial layers and 
contain muscles, bones, and other structures. 
Fascial spaces of less clinical importance 
may occur within compartments, but those 
of great clinical importance lie between the 
compartments. 

The major fascial space of the palm lies 


deep to the fascia covering the deep surface 
of the long flexor tendon mass and anterior 
to the fascia covering the adductor pollicis 
muscle medially, and the interosseous mus- 
cles laterally, that is, it lies between the cen- 
tral palmar compartment and the interos- 
seus-adductor compartment. Delicate septa 
attach to the metacarpal bones distally and 
extend toward the wrist, more or less subdi- 
viding the space. An intermediate palmar 
septum, which is attached to the middle 
metacarpal bone, is more constant and bet- 
ter developed than the rest and is commonly 
described as subdividing the larger space 
into two parts, the middle palmar space and 
the thenar space (Kanavel, 1939). 

MIDDLE PALMAR SPACE. The middle palmar 
space or Cleft is triangular in shape and sep- 
arates the deep surface of the long flexor ten- 
dons from the interossei in the central part 
of the palm (Fig. 6-61). It lies between the 
palmar interosseous fascia and the fascia 
covering the deep surface of the long flexor 
tendon mass. The cleft may be closed at the 
wrist by adhesion between the fascial layers 
at the flexor retinaculum, or it may be con- 
tinued proximally, deep to the flexor ten- 
dons, and communicate with the deep fas- 
cial space of the forearm that lies between 
the tendons of the flexor muscles and the 
pronator quadratus (Parona’s space’). It is 
closed, medially, by the attachment of the 
hypothenar septum to the fifth metacarpal 
bone, and laterally, from the thenar cleft by 
the transparent, fibrous intermediate palmar 
septum which is attached along the middle 
metacarpal bone. This septum, instead of 
attaching to the flexor tendon mass directly 
over the middle metacarpal, may take an 
oblique course toward the region of the sec- 
ond metacarpal, causing the middle palmar 
space to extend into the radial portion of the 
palm, thereby overlapping to some extent 
the thenar space. The membrane between 
the middle palmar and the thenar cleft may 
be incomplete proximally, allowing the two 
spaces to communicate. Closely associated 
with the middle palmar space and acting as 
diverticula, are the clefts, called the lumbri- 
cal canals, that surround the second, third, 
and fourth lumbrical muscles. 

THENAR SPACE. The thenar space overlies 
the palmar surface of the adductor pollicis 
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(Fig. 6-61). It is bounded, medially, by the 
intermediate palmar septum, which is at- 
tached to the middle metacarpal bone and 
separates it from the middle palmar space. 
The thenar space is bounded /aterally by the 
thenar septum and the first metacarpal bone; 
proximally, by the flexor retinaculum; and 
distally, by the extent of the transverse head 
of the adductor pollicis muscle. The thenar 
space is commonly continuous with the cleft 
between the two heads of the adductor 
pollicis, and between the adductor and the 
first dorsal interosseous. It may communi- 
cate with the middle palmar space proxi- 
mally, and it usually has a diverticulum, the 
lumbrical canal, extending along the first 
lumbrical muscle. 

LUMBRICAL CANALS. This is a term used to 
designate the fascial clefts that separate the 
lumbrical muscles from the denser connec- 
tive tissue that surrounds them. These 
canals are distal extensions or diverticula of 
the fascial spaces of the palm. The canal as- 
sociated with the first lumbrical muscle 
(index finger) projects from the thenar space, 
while the lumbrical canals of the second, 
third, and fourth muscles extend distally 
from the middle palmar space. 

DORSAL SUBCUTANEOUS SPACE. On the dor- 
sum of the hand, the dorsal subcutaneous 
space separates the superficial fascia from 
the deep fascia (Fig. 6-61). It extends distally 
into the fingers and proximally into the fore- 
arm. It is closed at the radial and ulnar bor- 
ders of the hand by the attachment of the 
superficial fascia to the deep fascia of the 
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Transverse section across the hand, showing (in black) the fascial spaces. (After Kanavel, 1939.) 


palm. Although of less clinical importance 
than the palmar spaces, it allows pus to 
spread quite easily over the entire dorsum, if 
an infection is present. 

DORSAL SUBAPONEUROTIC SPACE. Deep to 
the investing fascia, and between it and the 
dorsal interosseous fascia, lies the dorsal 
subaponeurotic space (Fig. 6-61). It is closed 
at the sides of the hand by the fusion of the 
two fascial layers near their attachment to 
the second and fifth metacarpal bones. It is 
closed distally by the fusion of the two lay- 
ers and their union with the joint capsules 
and extensor expansions of the digits. Proxi- 
mally, it is limited by the attachment of the 
tendon sheaths to the bones and ligaments of 
the wrist. This space does not communicate 
with the dorsal subcutaneous space, nor 
with the palmar spaces, and it does not pass 
from the hand into the forearm. 


Clinical Considerations. The relationship of 
the fascial spaces to each other and to the tendon 
sheaths may be discussed by reviewing the probable 
spread of an infection, independent of the participa- 
tion of blood vessels or lymphatics. 

A subcutaneous abscess on the dorsum of the 
hand or in the webs of the fingers is generally di- 
rected toward the surface locally because of the soft- 
ness of the tissues. A subcutaneous abscess in the 
palm might reach the surface or spread to the webs, 
but would not be likely to penetrate the palmar apo- 
neurosis. An abscess of the index finger, after pene- 
trating to the deeper tissues, might progress proxi- 
mally until it arrived in the lumbrical canal of that 
finger and, through this path, reach the thenar 
space. Abscesses of the middle, ring, or little fingers 
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might reach the palmar space by a similar path. !n- 
fections that have reached either of the deep palmar 
Spaces may spread to the other space by penetrating 
the intermediate palmar septum, or they may ascend 
to the deep fascial space (of Parona) above the wrist. 

Infections of the flexor tendons of the little finger 
or thumb for a period of time are confined to the 
common flexor tendon sheath or to the tendon 
sheath of the flexor pollicis longus. The infection 
then ascends and ruptures into the deep fascial 
space of the forearm. An infection in the digital ten- 
don sheath of the index finger can be expected to 
rupture into the thenar space; if it is in the middle or 
fourth finger, it will rupture into the middle palmar 
Space. 

An infection in the subaponeurotic space can be 
expected to spread throughout the space and then 
eventually rupture into the webs of the fingers or at 
the sides of the hand. 


MUSCLES OF THE HAND 


The muscles of the hand are subdivided 
into three groups: (1) those of the thumb, 
which occupy the radial side and produce 
the thenar eminence; (2) those of the little 
finger, which occupy the ulnar side and give 
rise to the hypothenar eminence; (3) those in 
the middle of the palm, and the interosseous 
muscles between the metacarpal bones. 


Thenar Muscles 


The thenar muscles are the intrinsic mus- 
cles of the thumb. They include: 


Abductor pollicis brevis 
Opponens pollicis 
Flexor pollicis brevis 
Adductor pollicis 
Oblique head 
Transverse head 


ABDUCTOR POLLICIS BREVIS. The abductor 
pollicis brevis is a thin, flat muscle, placed 
most superficially on the radial side of the 
thenar eminence (Figs. 6-62; 6-64). It arises 
from the flexor retinaculum, the tuberosity 
of the scaphoid, and the ridge of the trape- 
zium, frequently by two distinct slips. 
Coursing laterally and distally, it is inserted 
by a thin, flat tendon into the radial side of 
the base of the proximal phalanx of the 
thumb and the capsule of the metacarpo- 
phalangeal articulation. 

The abductor pollicis brevis is sometimes 
divided into outer and inner parts, and ac- 
cessory slips to the muscle may come from 


the abductor pollicis longus tendon or the 
palmaris longus. More rarely, slips to the 
muscle may come from the extensor carpi 
radialis longus, the styloid process of the 
radius, the opponens pollicis, or the fascia 
over the thenar muscles. 


Action. The abductor pollicis brevis abducts 
the thumb at the carpometacarpal and metacarpo- 
phalangea! joint by drawing it away in a plane at 
right angles to that of the palm of the hand. 

Nerve. The abductor pollicis brevis is supplied 
by a branch of the median nerve, containing fibers 
from the eighth cervical and first thoracic nerves. 


OPPONENS POLLICIS. The opponens pol- 
licis is a small triangular muscle placed be- 
neath the abductor pollicis brevis (Figs. 
6-62 to 6-64). It arises from the ridge on the 
trapezium and from the flexor retinaculum, 
passes distally and laterally, and is inserted 
into the whole length of the metacarpal bone 
of the thumb on its radial side. 


Action. The opponens pollicis abducts, flexes, 
and medially rotates the first metacarpal bone, 
bringing the thumb across the palm from lateral to 
medial. This action, called opposition, occurs pri- 
marily at the carpometacarpal joint and allows the 
pad of the thumb to come into contact with the pads 
of the other fingers. 

Nerve. The opponens pollicis is innervated by a 
branch of the median nerve, containing fibers from 
the eighth cervical and first thoracic nerves. 


FLEXOR POLLICIS' BREVIS. The tlexear 


pollicis brevis lies medial and distal to the 
abductor pollicis brevis (Figs. 6-62; 6-64) and 
consists of superficial and deep parts. The 
superficial part is more lateral and larger 
than the deep part and arises from the distal 
border of the flexor retinaculum and the dis- 
tal part of the tubercle on the trapezium. It 
passes along the radial side of the tendon of 
the flexor pollicis longus and, becoming ten- 
dinous, is inserted into the radial side of the 
base of the proximal phalanx of the thumb. 
In its tendon of insertion is found the radial 
sesamoid bone of this joint. The deep part is 
considerably smaller and located medial to 
the superficial part. It arises from the trape- 
zoid and capitate bones, and its fibers take 
an oblique course to join the fibers of the 
superficial part, inserting by a common ten- 
don onto the radial side of the proximal pha- 
lanx of the thumb. 

There has been some disagreement with 
regard to the identity of the deep head of this 
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Fic. 6-62. Muscles of the right palm. The long tendons have been cut as they pass over the metacarpophalangeal 


joints. 


v 


muscle, but the study of Day and Napier 
(1961) showed that nearly 80% of the hands 
that they examined followed the foregoing 
description. The deep head may be absent. 


Action. The flexor pollicis brevis flexes the 
proximal phalanx at the metacarpophalangeal joint 
and then, indirectly, medially rotates the metacarpal 
bone of the thumb at the carpometacarpal joint. 

Nerve. The superficial part of the flexor pollicis 
brevis is supplied by a branch of the median nerve, 
containing fibers from the eighth cervical and first 
thoracic nerves. The deep part usually receives in- 
nervation from the deep branch of the ulnar nerve, 
which also contains fibers from the eighth cervical 
and first thoracic nerves. 


ADDUCTOR PoLLicis. The adductor pollicis 
consists of oblique and transverse heads. 
The oblique head (Figs. 6-62; 6-63) arises by 


several slips from the capitate bone, the 
bases of the second and third metacarpals, 
the intercarpal ligaments, and the sheath of 
the tendon of the flexor carpi radialis. It may 
also receive a slip from the flexor retinacu- 
lum. From its origin most of the fibers pass 
obliquely downward and converge in a ten- 
don that contains a sesamoid bone and is in- 
serted into the ulnar side of the base of the 
proximal phalanx of the thumb. Some fibers 
usually pass more obliquely beneath the ten- 
don of the flexor pollicis longus to join the 
lateral portion of the flexor pollicis brevis 
and the abductor pollicis brevis. 

The transverse head of the adductor 
pollicis is the most deeply situated of the 
thenar muscles (Figs. 6-62 to 6-64). It is trian- 
gular in shape and arises by a broad base 
from the distal two-thirds of the palmar sur- 
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Fic. 6-63. A dissection of the palm of the right hand, showing the two parts of the adductor pollicis muscle, as well 
as the opponens pollicis and opponens digiti minimi muscles. 


face of the third metacarpal bone. Its con- 
verging fibers form a distal border that is 
nearly transverse. Coursing toward the 
thumb. they join the fibers of the oblique 
head to be inserted onto the ulnar side of the 
base of the proximal phalanx of the thumb. 


Action. The adductor pollicis brings the ab- 
ducted proximal phalanx toward the palm of the 
hand, thereby adducting the thumb. 

Nerve. The adductor pollicis is supplied by the 
deep palmar branch of the ulnar nerve, containing 
fibers from the eighth cervical and first thoracic 
nerves. 


Hypothenar Muscles 


The hypothenar muscles are the intrinsic 
muscles of the little finger. They are the: 


Palmaris brevis 

Abductor digiti minimi 
Flexor digiti minimi brevis 
Opponens digiti minimi 


PALMARIS BREVIS. The palmaris brevis is a 
thin, quadrilateral superficial muscle, placed 
beneath the integument of the ulnar side of 
the hand (Fig. 6-59). It arises by tendinous 
fasciculi from the flexor retinaculum and 


palmar aponeurosis, and it inserts into the 
skin on the ulnar border of the palm of the 
hand. 


Action. The palmaris brevis draws the skin at 
the ulnar side of the palm toward the middle of the 
palm, increasing the height of the hypothenar emi- 
nence, as in clenching the fist. It also holds the hy- 
pothenar subcutaneous pad in place, as in catching 
a ball. 

Nerve. The palmaris brevis is supplied by the 
superficial branch of the ulnar nerve, containing fi- 
bers from the eighth cervical and first thoracic 
nerves. 


ABDUCTOR DIGITI MINIMI. This abductor of 
the little finger is situated on the ulnar bor- 
der of the palm of the hand (Figs. 6-62 and 
6-64). It arises from the pisiform bone and 
from the tendon of the flexor carpi ulnaris; it 
ends in a flat tendon, which divides into two 
slips: one is inserted into the ulnar side of 
the base of the first phalanx of the little fin- 
ger; the other is inserted into the ulnar bor- 
der of the dorsal digital aponeurosis of the 
extensor digiti minimi. 

Accessory slips may join the muscle from 
the tendon of the flexor carpi ulnaris, the 
flexor retinaculum, the fascia of the distal 
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Fic. 6-64. The muscles of the left hand. Palmar surface. 


forearm, or the tendon of the palmaris 


longus. A part of the muscle may insert into 
the fifth metacarpal bone. 


Action. The abductor digiti minimit abducts 


the little finger away from the ring finger, and it also 
flexes the proximal phalanx at the metacarpopha- 
langeal joint. 


Nerve. The abductor digiti minim) ts innervated 


by the deep branch of the ulnar nerve, containing 


fibers from the eighth cervical and first thoracic 
nerves. 


FLEXOR DIGIT! MINIM! BREVIS. This short 
flexor of the little finger les on the same 
plane as the preceding muscle, on its radial 
side (Figs. 6-62; 6-64). It arises from the con- 
vex surface of the hamulus of the hamate 
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bone and the palmar surface of the flexor 
retinaculum, and it is inserted into the ulnar 
side of the base of the proximal phalanx of 
the little finger. It is separated from the ab- 
ductor, at its origin, by the deep branches of 
the ulnar artery and nerve. This muscle is 
sometimes wanting, in which case the ab- 
ductor is unusually large. 


Action. The flexor digiti minimi brevis flexes 
the little finger at the metacarpophalangeal joint. 

Nerve. The flexor digiti minimi brevis is sup- 
plied by the deep branch of the ulnar nerve, con- 
taining fibers from the eighth cervical and first tho- 
racic nerves. 


OPPONENS DIGITI MINIMI. The opponens 
digiti minimi is triangular in shape and 
placed immediately beneath the abductor 
and flexor (Figs. 6-62: 6-63). It arises from the 
convexity of the hamulus of the hamate 
bone and contiguous portion of the flexor 
retinaculum. It is inserted onto the whole 
length of the metacarpal bone of the little 
finger, along its ulnar margin. 


Action. The opponens digiti minimi abducts, 
flexes, and laterally rotates the fifth metacarpal, 
thereby bringing the little finger in opposition to the 
thumb. 

Nerve. The opponens digiti minimi is supplied 
by the deep branch of the ulnar nerve, containing 
fibers from the eighth cervical and first thoracic 
nerves. 


Intermediate Muscles 


Lumbricals 
Interossel 


THE LUMBRICALS. The lumbrical muscles 
(Fig. 6-64) are four small fleshy fasciculi that 
are associated with the tendons of the flexor 
digitorum profundus. The first and second 
arise from the radial sides and palmar sur- 
faces of the tendons of the index and middle 
fingers, respectively: the third lumbrical 
arises from the contiguous sides of the ten- 
dons of the middle and ring fingers: and the 
fourth lumbrical arises from the contiguous 
sides of the tendons of the ring and little fin- 
gers. Each passes to the radial side of the 
corresponding finger. and opposite the 
metacarpophalangeal joint is inserted into 
the tencdinous expansion of the extensor dig- 
itorum, which is called the extensor hood 
and covers the dorsal aspect of the finger. 


Action. €ach lumbrical muscle flexes the proxi- 
mal phalanx at the corresponding metacarpopha- 
langeal joint and extends the two distal phalanges at 
the interphalangeal joints. 

Nerves. The first and second lumbrical muscles 
are supplied by twigs from the third and fourth digi- 
tal branches of the median nerve, containing fibers 
from the eighth cervical and first thoracic nerves. 
The third and fourth lumbricals receive twigs from 
the deep palmar branch of the ulnar nerve, which 
also contains fibers from the eighth cervical and first 
thoracic segments. The third lumbrical may receive 
filaments from both nerves, or even all its supply 
from the median nerve. 

Variations. The lumbricals may vary in number 
from two to five or six, and there is considerable 
variation tn their attachments. 


THE INTEROSSE! 


The interossei are so named because thev 
occupy the intervals between the metacarpal 
bones. Thev are divided into two sets. dorsal 
and palmar. 

DORSAL INTEROSSE!. Each of the four dor- 
sal interossei (Figs. 6-62; 6-65) is a bipennate 
muscle that arises by two heads from the 
adjacent sides of the metacarpal bones, but 
more extensively from the metacarpal bone 
of the finger into which the muscle attaches 
distally. Each interosseous muscle is in- 
serted into the base of the proximal phalanx 
and into the corresponding aponeurosis that 
forms the dorsal hood of the tendon of the 
extensor digitorum. Between the double ori- 
gin of each of these muscles is a narrow tri- 
angular interval. Through the first of these 
intervals the radial artery passes. and 
through each of the other three a perforating 
branch from the deep palmar arch is trans- 
mitted. 

The first dorsal interosseous (also called 
the abductor indicis) is larger than the oth- 
ers. It is flat and triangular in form, and its 
two heads of origin are separated by a fi- 
brous arch for the passage of the radial ar- 
terv from the dorsum to the palm of the hand. 
The lateral head arises from the proximal 
half of the ulnar border of the first metacar- 
pal bone, while the medial head arises from 
almost the entire length of the radial border 
of the second metacarpal bone. Its tendon is 
inserted almost entirely onto the radial side 
of the proximal phalanx of the index finger. 
although some fibers may reach the dorsal 
extensor aponeurosis. 





Fic. 6-65. The dorsal interossei of left hand. Line down 
middle finger represents an imaginary axis. Abduction 
and adduction are determined according to this refer- 
ence. 


The second and third dorsal interosseous 
muscles both insert onto the middle finger, 
the former to its radial side and the latter to 
its ulnar side. The tendon of the second mus- 
cle inserts about equally onto the proximal 
phalanx and the dorsal extensor aponeuro- 
sis, while most of the tendon of the third 
muscle attaches to the dorsal extensor apo- 
neurosis. 

The tendon of the fourth dorsal interosse- 
ous muscle inserts onto the ulnar side of the 
ring finger. Its fibers are attached about 
equally to the proximal phalanx and the 
dorsal extensor aponeurosis. 


Action. The dorsal interossei abduct the fin- 
gers from an imaginary line drawn longitudinally 
through the axis of the middle finger (Fig. 6-65). 
They also flex the fingers at the metacarpophalangeal 
joints and extend the two distal phalanges at the in- 
terphalangeal joints. 

Nerves. All the dorsal interossei are supplied by 
the deep palmar branch of the ulnar nerve, contain- 
ing fibers from the eighth cervical and first thoracic 
nerves. 


PALMAR INTEROSSE!. The palmar interos- 
sei are smaller than the dorsal interossel, 
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and they are placed upon the palmar sur- 
faces of the metacarpal bones rather than 
between them. Three palmar interossei are 
clearly distinct, but some authors describe 
four muscles. Each arises from the entire 
length of the metacarpal bone of one finger 
and is inserted into the side of the base of the 
proximal phalanx and aponeurotic expan- 
sion of the extensor digitorum tendon to the 
same finger. 

The first arises from the ulnar side of the 
second metacarpal bone and is inserted into 
the same side of the proximal phalanx of the 
index finger. The second arises from the ra- 
dial side of the fourth metacarpal bone and 
is inserted into the same side of the ring fin- 
ger. The third arises from the radial side of 
the fifth metacarpal bone and is inserted into 
the same side of the little finger. 

Some authors add another palmar interos- 
seous muscle to their description, attaching 
the term first palmar interosseous to a few 
fibers that pass from the base of the first met- 
acarpal to the base of the proximal phalanx. 
In their descriptions, the other muscles in 
the foregoing discussion become the second, 
third, and fourth muscles, respectively. 
Since the thumb has a large adductor muscle 
of its own, these fibers have been considered 
as part of that muscle in the present account. 





Fic. 6-66. The palmar interossei of left hand. 
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Action. The palmar interossei adduct the fin- 
gers toward an imaginary longitudinal line through 
the axis of the middle finger (Fig. 6-66). They also 
flex the proxima! phalanx at the metacarpophalangeal 
joint and extend the two distal phalanges at the in- 
terphalangeal joints. 

Nerves. The palmar interossei are supplied by 
twigs from the deep palmar branch of the ulnar 
nerve, containing fibers from the eighth cervical and 
first thoracic nerves. 

Group Actions. Flexion of the fingers in grasp- 
ing an object is performed by the flexors digitorum 
superficialis and profundus. The wrist extensors con- 
tract synergistically to prevent flexion of the wrist 
while the fingers are being flexed. The action of both 
flexors on the two terminal phalanges can be per- 
formed independent of flexing the proximal phalanx 
by calling into play the synergistic action of the ex- 
tensor digitorum on the proximal phalanx. Flexion of 
the proximal! phalanx at the same time as extension 
of the two distal joints is performed by the dorsal 
and palmar interossei and the !umbrica! muscles. 

Extension of the fingers is performed by the exten- 
sor digitorum, extensor indicis, and extensor digiti 
minimi. The wrist flexors contract synergistically to 
prevent extension at the wrist while the fingers are 
being extended. The long extensors have a relatively 
weak action on the two termina! joints and are as- 
sisted in this action by the fumbricals and the inter- 
OSSEi. 

Abduction of the fingers is performed by the dor- 
sal interossei and the abductor digiti minimi, consid- 
ering the longitudinal axis of the middle finger as the 
center of the hand. Full abduction can be carried out 
only if the fingers are extended. 

Adduction of the fingers is performed by the pal- 
mar interossei, and this action can be carried out 
with the fingers either flexed or extended. 

The thumb is so placed that its plane of flexion 
and extension is at right angles to that of the fingers. 
Flexion and extension of the thumb, therefore, are in 
the same plane as abduction and adduction of the 
fingers; abduction and adduction of the thumb are in 
the same plane as flexion and extension of the fin- 
gers. 

Flexion of the distal phalanx of the thumb is per- 
formed by the flexor pollicis longus, and flexion of 
the proximal phalanx alone by the flexor pollicis 
brevis. Extension of the distal phalanx is performed 
by the extensor pollicis longus, the proximal phalanx 
by the extensor pollicis brevis. Abduction of the 
thumb is by the abductors pollicis longus and brevis; 
adduction by the adductor pollicis. It is seldom that 
extension or abduction is performed independently 
of each other, most norma! activity being a mixture 
of the two movements. When the thumb is used in 
grasping, it Is initially abducted by the abductors 
and rotated by the opponens so that its palmar sur- 
face faces the palm of the hand. The actual grasping 
then is performed largely by the flexor pollicis 
longus. 


Fasciae and Muscles 
of the Lower Limb 


The fasciae and muscles of the lower limb 
will be subdivided into groups correspond- 
ing to the different regions of the limb. 


Muscles of the iliac region 
Muscles of the thigh 
Muscles of the leg 
Muscles of the foot 


MUSCLES AND FASCIAE 
OF THE ILIAC REGION 


Psoas major 
Psoas minor 
Iliacus 


The fascia covering the intra-abdominal 
surface of the iliacus and psoas muscles is 
part of the endoabdominal or internal in- 
vesting layer of deep fascia; it forms a con- 
tinuation over these muscles of the transver- 
salis fascia that lines the abdominal cavity. 
Following the iliac muscles under the ingui- 
nal ligament and into the thigh, it becomes 
continuous with the fascia lata, which is a 
portion of the external investing fascia. 

ILIAC FASCIA. The posterior abdominal 
portion of the iliac fascia is attached superi- 
orly to the entire length of the inner lip of 
the crest of the ilium, along with the muscle. 
Above the iliac crest it is continuous with 
the definitive transversalis fascia, and near 
the vertebral column, it is continuous with 
the fascia covering the abdominal surface of 
the quadratus lumborum muscle. It is con- 
tinuous medially with the psoas fascia, and 
after attaching to the arcuate line of the 
ilium, it continues down into the lesser pel- 
vis as the obturator internus fascia. At the 
inguinal ligament it fuses with the transver- 
salis fascia of the lateral portion of the ante- 
rior abdominal wall, and follows the surface 
of the iliacus under the ligament and into the 
thigh. It is securely attached to the ligament 
as it passes beneath it, and in the thigh, it 
becomes continuous with the part of the fas- 
cia lata overlying the sartorius muscle later- 
ally and with the iliopectineal fascia medi- 
ally. 

PSOAS FASCIA. The superior extremity of 
the psoas fascia is intimately blended with 


the medial arcuate ligament of the dia- 
phragm, which stretches from the bodies to 
the transverse processes of the first or sec- 
ond lumbar vertebrae. It is attached medi- 
ally, by a series of arched processes, to the 
intervertebral discs and prominent margins 
of the vertebrae and to the upper part of the 
sacrum. The intervals left between these 
arched processes and the constricted bodies 
of the vertebrae transmit the lumbar arteries 
and veins and the filaments of the sympa- 
thetic trunk. It is continuous laterally with 
the fasciae covering the quadratus lumborum 
and iliacus muscles. At the inguinal ligament 
and in the thigh, the psoas and iliac fasciae 
help to form part of the iliopectineal fascia. 

ILIOPECTINEAL FASCIA. The iliopectineal 
fascia is formed by a blending of: (1) the fas- 
cia covering the femoral portions of the ili- 
acus and psoas; (2) the fascia over the proxi- 
mal portion of the pectineus; and (3) a 
thickened band, called the iliopectineal 
arch, which dips between the psoas major 
and the femoral vessels as they pass under 
the inguinal ligament. Thus, the iliopectineal 
fascia is continuous, under the inguinal liga- 
ment, with the iliac, the psoas, and the trans- 
versalis fasciae. The fascial layer covering 
the iliacus, psoas major, and pectineus mus- 
cles forms a fascial sheet that stretches 
across the floor of the femoral (Scarpa’s) tri- 
angle. At the junction of the iliopsoas and 
pectineal portions of the iliopectineal fascia, 
it attaches firmly to the iliopectineal emi- 
nence of the ilium and to the pubocapsular 
ligament of the hip joint. From the attach- 
ment to the iliopectineal eminence, the fas- 
cia passes outward as the thickened band 
mentioned above, the iliopectineal arch, 
which separates the psoas major muscle and 
the femoral vessels and courses toward the 
inguinal ligament to which it becomes at- 
tached. This band divides the interval deep 
to the inguinal ligament, that is, between the 
ligament and the pelvic bone, into two parts 
known as the lacuna musculorum and the 
lacuna vasorum. The lacuna musculorum 
contains the iliacus and psoas major muscles 
and the femoral nerve. The lacuna vasorum 
contains the femoral artery and vein and the 
femoral canal. 

The iliopsoas muscle is frequently re- 
garded as a single structure because it is a 
blending of two muscles, the psoas major 
and the iliacus. Its two parts, however, will 
be described separately. 
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PSOAS MAJOR. The psoas major is a long 
fusiform muscle lateral to the lumbar region 
of the vertebral column and brim of the 
lesser pelvis (Fig. 6-67). It arises (1) from the 
anterior surfaces and lower borders of the 
transverse processes of all the lumbar verte- 
brae; (2) by five slips from the sides of the 
bodies and the corresponding intervertebral 
discs of the last thoracic and all the lumbar 
vertebrae (each slip is attached to the adja- 
cent upper and lower margins of two verte- 
brae, and to the intervertebral disc); (3) from 
a series of tendinous arches that extends 
across the constricted parts of the bodies of 
the lumbar vertebrae between the previ- 
ously described slips. The lumbar arteries 
and veins and filaments from the sympa- 
thetic trunk pass beneath these tendinous 
arches. The muscle proceeds downward 
across the brim of the lesser pelvis and, di- 
minishing gradually in size, passes beneath 
the inguinal ligament, anterior to the capsule 
of the hip joint. It ends in a tendon that also 
receives nearly all of the fibers of the iliacus 
and is inserted onto the lesser trochanter of 
the femur. The large subtendinous iliac 
bursa, which may communicate with the 
cavity of the hip joint, separates the tendon 
from the pubis and the capsule of the joint 
(Fig. 6-70). 


Action. The psoas major (in conjunction with 
the iliacus) is a powerful flexor of the thigh at the hip 
joint. If both psoas major muscles are fixed from 
below, they act as important flexors of the trunk on 
the hip, as in sitting up from the supine position. The 
psoas major may assist in maintaining posture by 
preventing hyperextension at the hip joint. Although 
mechanically it appears to be a medial rotator of the 
thigh, electromyographic studies contradict this in- 
terpretation and, in fact, indicate that it may be ac- 
tive in lateral rotation. 

Nerves. The psoas major is innervated by 
branches of the lumbar plexus, containing fibers 
from the second, third, and fourth lumbar nerves. 


PSOAS miINOR. The psoas minor is a long, 
slender muscle that is placed anterior to the 
psoas major on the posterior abdominal wall 
(Fig. 6-67). It arises from the sides of the bod- 
ies of the twelfth thoracic and first lumbar 
vertebrae and from the intervertebral disc 
between them. It ends in a long, flat tendon 
which is inserted into the pectineal line, the 
iliopectineal eminence, and, laterally, the 
iliac fascia. This muscle is absent bilaterally 
in over half the subjects studied. 
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FiG. 6-67. Muscles of the iliac and anterior femoral re- 


gions. 


Action. The psoas minor is a weak flexor of the 
trunk and lumbar spinal column. 

Nerve. The psoas minor is supplied by a branch 
of the first lumbar nerve. 


THE ILIACUS. The iliacus is a flat, triangu- 
lar muscle that fills the iliac fossa (Fig. 6-67). 
It arises from the superior two-thirds of this 
fossa and from the inner lip of the iliac crest; 
dorsally from the anterior sacroiliac and the 
iliolumbar ligaments and base of the sacrum; 
and anteriorly from as far as the anterior 
superior and anterior inferior iliac spines, 
and the notch between them. Most of the fi- 
bers converge inferiorly to be inserted into 
the lateral aspect of the tendon of the psoas 
major, but some fibers extend to the body of 
the femur for about 2.5cm distal and ante- 
rior to the lesser trochanter. 


Action. The iliacus (along with the psoas 
major) is a powerful flexor of the thigh at the hip 
joint. It joins the psoas in a number of other actions 
as the iliopsoas. 

Nerves. The iliacus is supplied by branches of 
the femoral nerve, containing fibers from the sec- 
ond and third lumbar nerves. 

Variations. The iliacus minor or iliocapsularis, 
a small detached part of the iliacus, is frequently 
present. It arises from the anterior inferior spine of 
the ilium and is inserted into the lower part of the 
intertrochanteric line of the femur or into the iliofem- 
oral ligament. 


FASCIAE AND MUSCLES OF THE THIGH 


The fascial layers of the thigh and but- 
tocks overlie four functional groups of mus- 
cles which will be described as follows: 


Anterior femoral muscles 
Medial femoral muscles 
Muscles of the gluteal region 
Posterior femoral muscles 


The fascial layers include the superficial 
fascia and the fascia lata; the latter repre- 
sents the deep fascia, which continues over 
the gluteal region as the gluteal fascia. 

SUPERFICIAL FASCIA. The superficial fascia 
forms a prominent layer over the entire 
thigh. It usually contains a considerable 
amount of fat, but it varies in thickness in 
different regions. It is continuous with the 
superficial fascia of the abdomen, that of the 
leg, and, above the gluteal region, with the 
superficial fascia of the back. It may be sepa- 


rated into a superficial fatty layer and a 
deeper membranous layer between which 
are found the superficial vessels and nerves, 
the superficial inguinal lymph nodes, and 
the great saphenous vein. In well-nourished 
individuals, the fatty tissue of the superficial 
layer is usually divided by fibrous mem- 
branes into two or three subsidiary layers, 
which are associated with the emergence of 
the superficial nerves. The deep or fibrous 
layer is adherent to the fascia lata a little 
below the inguinal ligament and along the 
upper medial portion of the thigh. It is at- 
tached to the margin of the saphenous hiatus 
(fossa ovalis) and fills the opening itself with 
an irregular layer of spongy tissue, which is 
called the cribriform fascia because it is 
pierced by numerous openings for the pas- 
sage of the great saphenous vein and other 
blood and lymphatic vessels. 

A large subcutaneous bursa is found in the 
superficial fascia over the patella. 

FASCIA LATA. The external investing or 
deep fascia of the thigh is named the fascia 
lata from its broad extent. Its thick, lateral 
portion is commonly taken to be typical of 
its texture, but it is thin in some areas where 
it has not been reinforced by fibrous contri- 
butions from the tendons. Superiorly, it is on 
the same plane as the external oblique apo- 
neurosis and thoracolumbar fasciae after 
being attached to the pelvis and inguinal lig- 
ament; distally, it is continuous with the fas- 
hid Of fhewee 

The medial portion of the fascia lata over- 
lies the adductor group of muscles. It is thin 
and gray, and it is not aponeurotic. It is at- 
tached to the ischial tuberosity and ischio- 
pubic ramus, and beyond this it is on the 
same plane as the deep fascia of the peri- 
neum. At the knee it is thick and aponeu- 
rotic, having been strengthened by fibers 
from the tendon of the sartorius muscle. 

The anterior portion of the fascia lata is 
attached to the pubic tubercle, inguinal liga- 
ment, and anterior superior iliac spine. Just 
below the lateral half of the inguinal lga- 
ment, it is a single sheet formed by the fu- 
sion of three abdominal fasciae. Of these, the 
most superficial is the deep fascia overlying 
the aponeurosis of the external oblique (fas- 
cia innominata), which passes superficial to 
the inguinal ligament; the middle one is the 
transversalis fascia on the inner aspect of the 
anterior abdominal wall, which passes 
under the inguinal ligament; the internal one 


FASCIAE AND MUSCLES OF THE LOWER LIMB 559 


also passes under the inguinal ligament and 
is the continuation of the iliac fascia. Below 
the medial half of the inguinal ligament, the 
middle and internal layers mentioned above 
fail to join the fascia lata at the ligament and 
continue into the thigh as the anterior and 
posterior portions of the femoral sheath. The 
fascia lata in this ventromedial region over 
the femoral vessels is thickened and lami- 
nated and has an opening through it called 
the saphenous hiatus for the passage of the 
great saphenous vein. The outer lamina is 
attached to the pubic tubercle along with the 
inguinal ligament. It has a free falciform 
margin which crosses the proximal end of 
the great saphenous vein and spirals distally 
around the vein to join the deep lamina me- 
dial to the vein. The two laminae are sepa- 
rated by a pad of fatty tissue. The anterior 
portion of the fascia lata is thicker than the 
medial, but is truly aponeurotic only near 
the knee, where it is reinforced by fibers 
from the tendons of the quadriceps femoris 
muscle. 

The lateral portion of the fascia lata is a 
thick strong aponeurosis containing the ten- 
dinous fibers of insertion of the gluteus max- 
imus and the tensor fasciae latae muscles. It 
is attached proximally to the crest of the 
ilium and the dorsum of the sacrum. Be- 
tween the iliac crest and the superior border 
of the gluteus maximus, it is thickened by 
vertical tendinous bundles and is known as 
the gluteal aponeurosis (Fig. 6-72), which is 
used by the gluteus medius for part of its ori- 
gin. At the border of the gluteus maximus, 
the gluteal aponeurosis splits to enclose the 
muscle. Thus, the thin external layer of this 
gluteal fascia is closely bound to the superfi- 
cial fascia and the muscle, and it sends septa 
down between large bundles of the muscle. 
In the region over the greater trochanter, the 
muscular fasciculi end in a broad tendon, 
which becomes fused with the fascia lata 
and is called the iliotibial tract. Below the 
anterior part of the iliac crest, the fascia 
splits to enclose the tensor fasciae latae, 
which is inserted into the iliotibial tract 
below the gluteus maximus. The iliotibial 
tract is separated from the underlying vastus 
lateralis by a distinct fascial cleft. It is in- 
serted into the tibia and is blended with fi- 
brous expansions from the vastus lateralis 
and biceps femoris muscles. 

The posterior portion of the fascia lata is 
formed proximally by the union of the two 
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layers of fascia enclosing the gluteus maxi- 
mus at its inferior border. It descends to 
cover the hamstring muscles and the poplit- 
eal fossa. 

Two strong intermuscular septa (Fig. 6-69) 
connect the deep surface of the fascia lata 
with the linea aspera of the femur. The lat- 
eral intermuscular septum is the stronger. It 
separates the vastus lateralis from the biceps 
femoris and is used by both muscles for the 
origin of some of their fibers. It extends from 
the insertion of the gluteus maximus to the 
lateral condyle. The medial intermuscular 
septum lies between the vastus medialis and 
the adductors and pectineus. Its superficial 
portion near the fascia lata splits to enclose 
the sartorius muscle, and in its descent the 
medial septum contributes to the formation 
of the adductor canal, which transmits the 
femoral vessels. 

The saphenous hiatus is an oval aperture 
in the fascia lata in the proximal part of the 





Fic. 6-68. 


thigh, a little below the medial end of the 
inguinal ligament (Fig. 6-68). The great sa- 
phenous vein passes through the hiatus just 
before it joins the femoral vein. The fascia 
lata in this part of the thigh is laminated into 
two leaves separated by fat. The superficial 
layer is attached to the inguinal ligament 
and pubic tubercle. It ends abruptly in a free 
border, the falciform margin of the fossa, 
which forms a spiral rim beginning at the 
pubic tubercle and extending around the 
superior, lateral, and then inferior aspects of 
the saphenous vein. Medial to the vein, the 
superficial leaf merges with the deep leaf. 
The upper and lateral part of the falciform 
margin is called the superior cornu, while 
the medial and lower part is called the infe- 
rior cornu. The deep leaf is formed by the 
pectineal, iliopectineal, and iliac fasciae. 
The hiatus is filled and covered by a thick- 
ened pad derived from the deep layer of su- 
perficial fascia, called the cribriform fascia. 
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The saphenous hiatus (fossa ovalis). 


Anterior Femoral Muscles 


Sartorius 

Quadriceps femoris 
Rectus femoris 
Vastus lateralis 
Vastus medialis 
Vastus intermedius 

Articularis genus 


THE SARTORIUS. The sartorius is the long- 
est muscle in the body (Figs. 6-67; 6-69). It is 
narrow and ribbon-like, and it arises by ten- 
dinous fibers from the anterior superior iliac 
spine and the upper half of the notch below 
it. The sartorius passes obliquely across the 
upper anterior part of the thigh from lateral 
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to medial, and it then descends vertically as 
far as the medial side of the knee, passing 
posterior to the medial condyle of the femur. 
It ends in a tendon that curves obliquely an- 
teriorly and expands into a broad aponeuro- 
sis, which is inserted into the proximal part 
of the medial surface of the body of the tibia, 
anterior to the gracilis and semitendinosus, 
and nearly as far forward as the anterior 
crest. A bursa separates the insertion of the 
sartorius from that of the underlying gracilis. 
The proximal part of the aponeurosis is 
curved backward over the upper edge of the 
tendon of the gracilis so as to be inserted 
behind it. A tendinous expansion from the 
upper margin of its insertion blends with the 
capsule of the knee joint; another, from its 
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Fic. 6-69. Cross section through the middle of the thigh. (Eycleshymer and Schoemaker, 1911.) 
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lower border, blends with the fascia on the 
medial side of the leg. 


Action. The sartorius flexes, abducts, and lat- 
erally rotates the thigh at the hip joint. It also flexes 
the leg at the knee joint and, after flexing, rotates it 
slightly medially. Its complicated actions are 
thought to draw the lower extremity into a sitting 
position, with the leg crossed in such a way that the 
heel of one limb ts placed on the knee of the oppo- 
site limb, the so-called sitting tailor’s position. 

Nerves. The Sartorius is supplied by branches 
of the femoral nerve, usually two in number, con- 
taining fibers from the second and third lumbar 
nerves. These generally arise from the femoral nerve 
with its anterior cutaneous branches. 

Variations. At times slips of origin to the sarto- 
rius are derived from the outer end of the inguinal 
ligament, the notch of the ilium, the iliopectineal 
line, or the pubis. The muscle may be split into two 
parts, with one part being inserted into the fascia 
lata, the femur, the ligament of the patella, or the 
tendon of the semitendinosus. 


QUADRICEPS FEMORIS. The quadriceps 
femoris consists of four component muscles 
or heads of origin on the anterior thigh. It is 
the great extensor muscle of the leg, forming 
a large fleshy mass that covers the front and 
sides of the femur. It is subdivided into sepa- 
rate portions, which have received distinc- 
tive names. One, occupying the middle of the 
thigh and connected above with the ilium, is 
called the rectus femoris because of its 
straight course (Fig. 6-67). The other three 
lie in immediate connection with the body 
of the femur, which they cover from the tro- 
chanters to the condyles. The portion on the 
lateral side of the femur is termed the vastus 
lateralis; that covering the medial side, the 
vastus medialis; and that between, the 
vastus intermedius. 

The rectus femoris is situated in the mid- 
dle of the anterior thigh (Fig. 6-67). It is fusi- 
form in shape, and its superficial fibers are 
arranged in a bipennate manner, whereas its 
deep fibers course straight down to the deep 
aponeurosis. It arises by two tendons: one, 
the anterior or straight, attaches to the ante- 
rior inferior iliac spine; the other, the poste- 
rior or reflected, attaches to a groove above 
the posterior brim of the acetabulum. The 
two unite at an acute angle, spreading into 
an aponeurosis from which the muscle fibers 
arise: this aponeurosis is prolonged down- 
ward on the anterior surface of the muscle. 
The muscle ends in a broad and thick apo- 
neurosis. This occupies the lower two-thirds 


of its posterior surface, and it gradually be- 
comes narrowed into a flattened tendon, 
which is inserted into the base of the patella. 

The vastus lateralis is the largest compo- 
nent of the quadriceps femoris (Fig. 6-67). It 
arises by a broad aponeurosis from the 
proximal part of the intertrochanteric line, 
the anterior and inferior borders of the 
greater trochanter, the lateral lip of the glu- 
teal tuberosity, and the proximal half of the 
lateral lip of the linea aspera. This aponeu- 
rosis covers the upper three-fourths of the 
muscle, and from its deep surface many ad- 
ditional fibers take origin. A few other fibers 
arise from the tendon of the gluteus maxi- 
mus and from the lateral intermuscular sep- 
tum between the vastus lateralis and short 
head of the biceps femoris. The fibers form a 
large fleshy mass, which is attached to a 
strong aponeurosis that lies on the deep sur- 
face of the distal part of the muscle. This 
aponeurosis becomes contracted and thick- 
ened into a flat tendon and is inserted into 
the lateral border of the patella, blending 
with the quadriceps femoris tendon and giv- 
ing a tendinous expansion to the capsule of 
the knee joint. 

The vastus medialis and vastus interme- 
dius appear to be inseparably united, but 
when the rectus femoris has been reflected, a 
narrow cleft will be observed extending 
proximally from the medial border of the 
patella between the two muscles. The sepa- 
ration may be continued as far as the lower 
part of the intertrochanteric line, where, 
however, the two muscles are frequently 
fused. 

The vastus medialis (Fig. 6-67) arises from 
the lower half of the intertrochanteric line, 
the medial lip of the linea aspera, the upper 
part of the medial supracondylar line, the 
tendons of the adductor longus and adductor 
magnus, and the medial! intermuscular sep- 
tum. Its fibers are directed downward and 
forward and are chiefly attached to an apo- 
neurosis that lies on the deep surface of 
the muscle. The vastus medialis is inserted 
into the medial border of the patella and the 
quadriceps femoris tendon, and an expan- 
sion of the aponeurosis is sent to the capsule 
of the knee joint. 

The vastus intermedius arises from the 
anterior and lateral surfaces of the upper 
two-thirds of the body of the femur and from 
the lower part of the lateral intermuseular 
septum. Its fibers end in an aponeurosis on 


the anterior surface of the muscle, which 
forms the deep part of the quadriceps femo- 
ris tendon. 

The tendons of the different portions of 
the quadriceps unite at the distal part of the 
thigh to form a single strong tendon that is 
inserted into the base of the patella, al- 
though a few fibers pass over it to blend 
with the ligamentum patellae. More prop- 
erly, the patella may be regarded as a sesa- 
moid bone, developed in the tendon of the 
quadriceps; the ligamentum patellae, which 
is continued from the apex of the patella to 
the tuberosity of the tibia, may be regarded 
as the proper tendon of insertion of the mus- 
cle, and the medial and lateral patellar reti- 
nacula as expansions from its borders. The 
suprapatellar bursa, which usually commu- 
nicates with the cavity of the knee joint, is 
situated between the femur and the portion 
of the quadriceps tendon above the patella. 
The deep infrapatellar bursa is interposed 
between the tendon and the upper part of 
the anterior tibia. A third bursa, the pre- 
patellar bursa, is placed superficial to the 
patella itself. 


Action. The entire quadriceps muscle extends 
the leg at the knee joint. The rectus femoris also 
flexes the thigh at the hip joint. Additionally, the rec- 
tus femoris assists the iliopsoas muscle in flexing the 
trunk on the thigh. 

Nerves. The quadriceps femoris is supplied by 
branches of the femoral! nerve, containing fibers 
from the second, third, and fourth lumbar nerves. 


ARTICULARIS GENUS. The articularis genus 
is a small muscle, usually distinct from the 
vastus intermedius but occasionally blended 
with it. It arises from the anterior surface 
of the lower part of the body of the femur 
and is inserted into the upper part of the 
synovial membrane of the knee joint. It some- 
times consists of several separate muscular 
bundles. 


Action. The articularis genus draws the syno- 
vial membrane of the knee joint upward as the leg Is 
extended, thereby preventing folds of the membrane 
from being compressed within the joint. 

Nerve. The articularis genus is supplied by fi- 
bers of the femoral nerve through its branch to the 
vastus intermedius muscle. 


Medial Femoral Muscles 
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Adductor longus 
Adductor brevis 
Adductor magnus 


THE GRACILIS. The gracilis, the most su- 
perficial muscle on the medial aspect of the 
thigh (Figs. 6-67; 6-69), is thin and flat, broad 
proximally, narrow and tapering distally. It 
arises by a thin aponeurosis from the lower 
part of the body of the pubis near the sym- 
physis and from the adjoining pubic ramus. 
The fibers run vertically downward and end 
in a rounded tendon, which passes behind 
the medial condyle of the femur and then 
curves around the medial condyle of the 
tibia. At this site, it becomes flattened and is 
inserted into the upper part of the medial 
surface of the body of the tibia, below the 
tibial condyle. A few of the fibers of the dis- 
tal part of the tendon are prolonged into the 
deep fascia of the leg. At its insertion the 
tendon is situated immediately above that of 
the semitendinosus, and its upper edge is 
overlapped by the tendon of the sartorius, 
with which it is in part blended. The tendons 
of insertion of the gracilis, sartorius, and 
semitendinosus blend to form a tendinous 
expansion called the pes anserinus. The an- 
serine bursa lies between these tendons and 
the tibia. 


Action. The gracilis adducts the thigh. It also 
flexes the leg at the knee and, after it is flexed, as- 
sists in its medial rotation. 

Nerve. The gracilis is supplied by a branch of 
the anterior division of the obturator nerve, con- 
taining fibers from the second and third lumbar 
nerves. 


THE PECTINEUS. The pectineus is a flat 
quadrangular muscle, situated at the ante- 
rior part of the upper and medial aspect of 
the thigh (Fig. 6-67). It arises from the pectin 
pubis (pectineal line) and, to a slight extent, 
from the surface of bone anterior to it, be- 
tween the iliopectineal eminence and the 
tubercle of the pubis. Some fibers also arise 
from the fascia covering the anterior surface 
of the muscle itself. The fibers pass down- 
ward, backward, and lateralward, to be in- 
serted along a rough line leading from the 
lesser trochanter to the linea aspera. 


Action. The pectineus flexes and adducts the 
thigh, and rotates it medially. 

Nerve. The pectineus is usually supplied by a 
branch of the femora! nerve, containing fibers from 
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the second, third, and fourth lumbar nerves. When 
an accessory obturator nerve is present, one of Its 
branches is distributed to the pectineus. The muscle 
may receive a branch from the obturator nerve. 

Variations. The pectineus may consist of two 
incompletely separated strata. The lateral stratum is 
supplied by a branch of the femoral nerve or the 
accessory obturator, if present, and the medial stra- 
tum, when present, is supplied by the obturator 
nerve. The muscle may attach to the capsule of the 
hip joint. 


ADpucTorR tonGcus. This muscle is the 
most anterior of the three adductors, and it is 
triangular in shape and lies in the same 
plane as the pectineus (Fig. 6-71). It arises by 
a flat, narrow tendon from the anterior 
pubis, at the angle of junction of the crest 
with the symphysis, and soon expands into a 
broad fleshy belly. This passes downward, 
backward, and laterally to be inserted by an 
aponeurosis on the middle third of the femur 
along the linea aspera. Its insertion attaches 
between the origin of the vastus medialis 
and the insertion of the adductor magnus, 
muscles with which its fibers are usually 
blended. 


Action. The adductor longus adducts, flexes, 
and tends to rotate the thigh medially. 

Nerve. The adductor longus receives innervation 
from a branch of the anterior division of the 
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obturator nerve, containing fibers from the second, 
third, and fourth lumbar nerves. 

Variations. The adductor longus may be dou- 
bled, it may extend to the knee, or it may be more or 
less united with the pectineus muscle. 


ADDUCTOR BREViS. The adductor brevis is 
situated immediately deep to the pectineus 
and adductor longus (Fig. 6-71). It is some- 
what triangular in form and arises by a nar- 
row attachment from the outer surface of 
the inferior ramus of the pubis, between the 
gracilis and obturator externus. Its fibers, 
passing backward, laterally, and down- 
ward, are inserted by an aponeurosis into the 
femur along a line leading from the lesser 
trochanter to the linea aspera and into the 
upper part of the linea aspera, immediately 
behind the pectineus and proximal part of 
the adductor longus. 


Action. Similar to the adductor longus, the ad- 
ductor brevis adducts, flexes, and tends to rotate 
the thigh medially at the hip joint. 

Nerve. The adductor brevis is innervated by a 
branch of the obturator nerve, usually from its ante- 
rior division, containing fibers from the second, 
third, and fourth lumbar nerves. 

Variations. The adductor brevis may be divided 
into two or three parts, or it may be united with the 
adductor magnus. 
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Fig. 6-70. Muscular insertions and bursae around the hip joint. (Rauber-Kopsch, 1955.) 
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ADDUCTOR MAGNUS. The adductor magnus 
is a large triangular muscle, situated on the 
medial side of the thigh (Fig. 6-71). It arises 
from a small] part of the inferior ramus of the 
pubis, from the inferior ramus of the 
ischium, and from the inferior and lateral 
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aspect of the tuberosity of the ischium. The 
fibers that arise from the ramus of the pubis 
are short and horizontal, and they are in- 
serted into the rough line leading from the 
greater trochanter to the linea aspera, medial 
to the gluteus maximus. The adductor 
minimis is the name given to this part of the 
adductor magnus when it forms a distinct 
muscle. The fibers arising from the ramus of 
the ischium are directed downward and lat- 
erally, to be inserted by means of a broad 
aponeurosis into the linea aspera and the 
upper part of the medial supracondylar line. 
The medial portion of the muscle, composed 
principally of the fibers arising from the tu- 
berosity of the ischium, forms a thick fleshy 
mass consisting of coarse bundles. These 
descend almost vertically and form, in the 
distal third of the thigh, a rounded tendon 
that is inserted into the adductor tubercle on 
the medial condyle of the femur. It is also 
connected by a fibrous expansion to the 
medial supracondylar line leading proxi- 
mally from the tubercle to the linea aspera. 
Along the insertion of the muscle, there is a 
series of openings in the aponeurosis formed 
by tendinous arches attached to the bone. 
The upper four openings are small and give 
passage to the perforating branches of the 
profunda femoris artery. The lowest open- 
ing, called the hiatus tendineus, is large and 
transmits the femoral vessels to the popliteal 
fossa. 


Action. The adductor magnus is a powerful 
adductor of the thigh. Its upper portion also weakly 
flexes and medially rotates the thigh, while the lower 
portion extends and laterally rotates the thigh. 

Nerves. The adductor magnus ts supplied by 
branches of the posterior division of the obturator 
nerve, containing fibers from the second, third, and 
fourth lumbar nerves, and by a branch from the sci- 
atic nerve. The ischiocondylar portion, which its at- 
tached to the adductor tubercle, is derived from the 
flexor or hamstring muscles of lower forms and is 
the portion supplied by the sciatic nerve. 

Variations. The adductor magnus may be 
fused with the quadratus femoris or with either the 
adductor longus or brevis. 


Muscles of the Gluteal Region 


The muscles of the gluteal region are the 
principal extensors and lateral rotators of 
the thigh at the hip joint. They include the: 


Gluteus maximus 
Gluteus medius 
Gluteus minimus 
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Tensor fasciae latae 
Piriformis 
Obturator internus 
Gemellus superior 
Gemellus inferior 
Quadratus femoris 
Obturator externus 


GLUTEUS maximus. The gluteus maximus 
is the largest and most superficial muscle in 
the gluteal region. It is a broad and thick 
fleshy mass, quadrilateral in shape, which 
forms the prominence of the buttocks (Fig. 
6-72). Its large size is one of the most charac- 
teristic features of the human muscular sys- 
tem, connected as it is with the ability and 
power of maintaining the trunk in the erect 
posture. The muscle is remarkably coarse in 
structure, being composed of fasciculi lying 
parallel] and collected into large bundles sep- 
arated by fibrous septa. It arises from the 
posterior gluteal line of the ilium and the 


Posterior superior iliac spine 


Aponeurosis of sacrospinalis 


Coccyx 


Gracilis 


Adductor magnus 


Semimembranosus 


The 
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rough portion of bone, including the crest. 
immediately superior and dorsal to it; from 
the posterior surface of the lower part of the 
sacrum and the side of the coccyx; from the 
aponeurosis of the erector spinae, the sacro- 
tuberous ligament, and the fascia (gluteal 
aponeurosis) covering the gluteus medius. 
The fibers are directed obliquely downward 
and laterally. Those forming the upper and 
larger portion of the muscle, together with 
the superficial fibers of the lower portion, 
end in a thick tendinous lamina, which 
passes across the greater trochanter and is 
inserted into the iliotibial band of the fascia 
lata. The deeper fibers of the lower portion 
of the muscle are inserted into the gluteal 
tuberosity between the vastus lateralis and 
adductor magnus. 

Three bursae are usually found in relation 
to the deep surface of this muscle. One of 
these, the trochanteric bursa of the gluteus 
maximus, is large and generally multilocu- 


lhac crest 








Gluteal aponeurosis 


Gluteus maximus 


Greater trochanter of femur 


lliotibial tract of fascta 
lata 


Biceps femoris (long head) 


Semitendinosus 


right gluteus maximus muscle. 


lar, and separates the muscle from the 
greater trochanter. A second, the ischial 
bursa of the gluteus maximus, is often ab- 
sent, but when present, it separates the mus- 
cle from the ischial tuberosity. A third bursa 
is found between the tendon of the muscle 
and that of the vastus lateralis. 


Action. The gluteus maximus powerfully ex- 
tends and laterally rotates the thigh at the hip joint, 
when its fixed site is the pelvis. Its upper fibers assist 
in abduction of the thigh, while the lower fibers ad- 
duct the thigh. It is relatively inactive when the limbs 
are motionless in standing or in easy normal walk- 
ing, but it is very active in running or jumping. Act- 
ing by way of its attachment to the iliotibial tract, the 
gluteus maximus braces the fully extended knee. 
When the fixed site is at its insertion, the gluteus 
maximus extends the trunk on the lower extremity, 
as IS necessary to rise from a sitting position or to 
climb stairs. 

Nerve. The gluteus maximus is supplied by the 
inferior gluteal nerve, containing fibers from the 
fifth lumbar and first and second sacral nerves. 


GLUTEUS MEDIUS. The gluteus medius is a 
broad, thick, radiating muscle, situated on 
the outer surface of the pelvis (Fig. 6-73). Its 
posteromedial third is covered by the glu- 
teus maximus, its anterolateral two-thirds by 
the gluteal aponeurosis, which separates it 
from the superficial fascia and integument. It 
arises from the outer surface of the ilium 
between the iliac crest and posterior gluteal 
line dorsally, and the anterior gluteal line 
ventrally; it also arises from the gluteal apo- 
neurosis covering its outer surface. The fi- 
bers converge in a fan-shaped manner to a 
strong, flattened tendon, which is inserted 
into the oblique ridge on the lateral surface 
of the greater trochanter. The trochanteric 
bursa of the gluteus medius separates the 
tendon of the muscle from the surface of the 
trochanter, over which it glides (Fig. 6-70). 


Action. The gluteus medius is a strong abduc- 
tor and medial (anterior fibers) rotator of the thigh. It 
is an important muscle (as is the gluteus minimus) in 
walking because it helps to maintain balance and an 
upright posture. As a foot is elevated from the 
ground with each step, all the body’s weight is 
placed on the opposite limb, which should result in a 
marked sagging of the pelvis on the unsupported 
side. The action of the gluteus medius and minimus 
of the supported side prevents this tilting. If the glu- 
teus medius and minimus are paralyzed, the trunk 
sways from side to side with each step in an attempt 
to prevent the downward tilting of the pelvis on the 
unsupported side. 
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Fic. 6-73. Muscles of the gluteal and posterior femoral 
regions. 
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Nerve. The gluteus medius is supplied by 
branches of the superior gluteal nerve, containing 
fibers from the fourth and fifth lumbar and first sac- 
ral nerves. 

Variation. At times the posterior border of 
the gluteus medius is blended with the piriformis 
muscle. 


GLUTEUS MINIMUS. The gluteus minimus, 
the smallest of the three glutei, is placed 
immediately deep to the gluteus medius (Fig. 
6-71). It is fan-shaped, arising from the outer 
surface of the ilium, between the anterior 
and inferior gluteal lines, and behind the 
margin of the greater sciatic notch. The fi- 
bers converge to the deep surface of an apo- 
neurosis, which then ends in a tendon that is 
inserted into an impression on the anterior 
border of the greater trochanter and gives an 
expansion to the capsule of the hip joint. 
The trochanter bursa of the gluteus minimus 
is interposed between the tendon and the 
greater trochanter. Separating the gluteus 
medius and gluteus minimus are the deep 
branches of the superior gluteal vessels and 
the superior gluteal nerve. Beneath the deep 
surface of the gluteus minimus is found the 
reflected tendon of the rectus femoris and 
the capsule of the hip joint. 


Action. The gluteus minimus abducts and ro- 
tates the thigh medially. It also assists the gluteus 
medius during walking, as already described. 

Nerve. The gluteus minimus is supplied by a 
branch of the superior gluteal nerve, containing 
fibers from the fourth and fifth lumbar and first sac- 
ral nerves. 

Variations. The gluteus minimus may be di- 
vided into anterior and posterior parts, or it may 
send muscular slips to the piriformis, the superior 
gemellus, or the vastus lateralis. 


TENSOR FASCIAE LATAE. The tensor fasciae 
latae (Fig. 6-67) arises from the anterior part 
of the outer lip of the iliac crest; from the 
outer surface of the anterior superior iliac 
spine, and part of the notch below it, be- 
tween the gluteus medius and sartorius; and 
from the deep surface of the fascia lata. It is 
inserted between the two layers of the ilio- 
tibial tract of the fascia lata about at the 
junction of the middle and upper thirds of 
the thigh. 


Action. The tensor fasciae latae flexes and 
abducts (and possibly rotates) the thigh. By contrac- 
tion, it also tenses the iliotibial tract, thereby helping 


to support the femur on the tibia during erect pos- 
ture. 

Nerve. The tensor fasciae latae is supplied by a 
branch of the superior gluteal nerve to the gluteus 
minimus, containing fibers from the fourth and fifth 
lumbar and first sacral nerves. 


THE PIRIFORMIS. ‘The piriformis is a flat 
muscle, pyramidal in shape, lying almost 
parallel with the posterior margin of the glu- 
teus medius (Fig. 6-73). It is situated partly 
against the posterior wall on the interior of 
the pelvis (Fig. 6-74), and partly in the gluteal 
region behind the hip joint. The piriformis 
arises from the anterior sacrum by three 
fleshy digitations attached to the portions of 
bone between the first, second, third, and 
fourth anterior saeral foramina, and to the 
grooves leading from the foramina. A few 
fibers also arise from the margin of the 
greater sciatic foramen and from the ante- 
rior surface of the sacrotuberous ligament. 
The muscle passes out of the pelvis through 
the greater sciatic foramen, the upper part of 
which it fills. Coursing laterally, the piri- 
formis is inserted by a rounded tendon into 
the superior border of the greater trochanter 
posterior to, but often partly blended with, 
the common tendon of the obturator internus 
and gemelli (Fig. 6-73). 


Action. The piriformis laterally rotates the ex- 
tended thigh. When the thigh is flexed, it abducts 
the femur. The piriformis assists in stabilizing the hip 
joint and helps to hold the femoral head in the ace- 
tabulum. 

Nerve. The piriformis is supplied by either the 
first or second sacral nerve, but more frequently 
by branches from both nerves. 

Variations. The piriformis is frequently pierced 
by the common peroneal nerve and, thus, becomes 
divided more or less into two parts. It may be united 
with the gluteus medius, or send fibers to the glu- 
teuS minimus, or receive fibers from the superior 
gemellus. The piriformis may have only one or two 
sacral attachments or be inserted into the capsule of 
the hip joint. 


OBTURATOR INTERNUS. The obturator 
internus is situated both within the true or 
lesser pelvis (Fig. 6-74) and posterior to the 
hip joint (Fig. 6-73). It arises from the inner 
surface of the anterolateral wall of the pelvis 
where it surrounds the greater part of the 
obturator foramen. It is attached to the infe- 
rior rami of the pubis and ischium. Laterally 
it attaches to the inner pelvic surface, infe- 
rior to and behind the pelvic brim. It reaches 





Fic. 6-74, 


from the upper part of the greater sciatic fo- 
ramen above and behind, to the obturator 
foramen below and in front. It also arises 
from the pelvic surface of the obturator 
membrane except in the posterior part, from 
the tendinous arch that completes the canal 
for the passage of the obturator vessels and 
nerve, and to a slight extent from the obtura- 
tor fascia, which covers the muscle. The fi- 
bers converge rapidly toward the lesser 
sciatic foramen and end in four or five ten- 
dinous bands on the deep surface of the 
muscle. These bands make a right angle 
bend around the grooved surface between 
the spine and tuberosity of the ischium. This 
bony surface is covered by smooth cartilage 
and serves as a pulley, being separated from 
the tendon by a bursa and presenting one or 
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more ridges corresponding with the furrows 
between the tendinous bands. These bands 
leave the pelvis through the lesser sciatic 
foramen and unite into a single flattened ten- 
don. This passes horizontally across the cap- 
sule of the hip joint and, after receiving the 
attachments of the gemelli, is inserted into 
the anterior part of the medial surface of the 
great trochanter, proximal to the trochan- 
teric fossa. The subtendinous bursa of the 
obturator internus, narrow and elongated in 
form, is usually found between the tendon 
and the capsule of the hip joint. It occasion- 
ally communicates with the bursa between 
the tendon and the ischium (ischiadic bursa 
of the obturator internus). 

The obturator membrane (Fig. 5-31) is a 
thin fibrous sheet that almost completely 
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closes the obturator foramen. Its fibers are 
arranged in interlacing bundles, mainly 
transverse in direction. The superior bundle 
is attached to the obturator tubercles and 
completes the obturator canal for the pas- 
sage of the obturator vessels and nerve. The 
membrane is attached to the sharp margin of 
the obturator foramen except at its inferior 
lateral angle, where it is fixed to the pelvic 
surface of the ramus of the ischium, 1e., 
within the margin. The two obturator mus- 
cles arise partly from the opposite surfaces 
of this membrane. 


Action. The obturator internus rotates the ex- 
tended thigh and abducts the thigh when it is flexed. 

Nerves. The obturator internus is supplied by a 
special nerve from the sacral plexus, containing fi- 
bers from the lumbosacral trunk. The nerve to the 
obturator internus contains fibers from the fifth 
lumbar and the first and second sacral segments. 


The gemelli are two small muscles that lie 
parallel with the tendon of the obturator 
internus after it emerges from the lesser sci- 
atic foramen (Fig. 6-73). 

SUPERIOR GEMELLUS. The superior gemel- 
lus is the smaller of the two. It arises from 
the outer surface of the spine of the is- 
chium, blends with the upper part of the 
tendon of the obturator internus, and is in- 
serted with it onto the medial surface of the 
greater trochanter. 

INFERIOR GEMELLUS. The inferior gemel- 
lus arises from the tuberosity of the is- 
chium, immediately below the groove for 
the obturator internus tendon. It blends with 
the lower part of the tendon of the obturator 
internus and is inserted with it into the me- 
dial surface of the greater trochanter. 


Action. The gemelli rotate the extended thigh 
laterally and abduct the flexed thigh. 

Nerves. The superior gemellus is supplied by a 
branch of the nerve to the obturator internus. 

The inferior gemellus receives its innervation from 
a branch of the nerve to the quadratus femoris. 

Variations. The gemelli may vary in size. The 
superior is more frequently absent, and the inferior 
is more frequently bound intimately to the obturator 
internus. The superior may be fused with the piri- 
formis or gluteus minimus, the inferior with the 
quadratus femoris. 


QUADRATUS FEMORIS. This small, flat, 
quadrilateral muscle is found between the 
gemellus inferior and the proximal margin 


of the adductor magnus (Fig. 6-73). It is sepa- 
rated from the latter by the transverse 
branches of the medial femoral circumflex 
vessels. It arises from the upper part of the 
external border of the tuberosity of the 
ischium and, passing laterally, is inserted 
into a small tubercle (quadrate tubercle) 
found on the posterior aspect of the femur. 
The insertion continues distally for a short 
distance along the intertrochanteric crest. A 
bursa is often found between this muscle 
and the lesser trochanter. 


Action. The quadratus femoris rotates the 
thigh laterally. 
Nerve. The quadratus femoris is supplied by a 


special nerve, the nerve to the quadratus femoris, 
which contains fibers from the lumbosacral trunk 
(fourth and fifth lumbar) and first sacral nerves. 
Variations. Absence of the quadratus femoris 
has been reported in 1 or 2%, but this may be more 
apparent than real because in these instances it is 
usually fused either with the gemellus inferior or the 
adductor magnus. It may be doubled at its insertion. 


OBTURATOR EXTERNUS. The obturator ex- 
ternus is a flat, triangular muscle that covers 
the outer surface of the anterior wall of the 
pelvis (Fig. 6-75). It arises from the anterior 
aspect of the pelvis immediately around the 
medial side of the obturator foramen, that Is, 
from the rami of the pubis and the ramus of 
the ischium. It also arises from the medial 
two-thirds of the outer surface of the obtura- 
tor membrane and from the tendinous arch 
that completes the canal for the passage of 
the obturator vessels and nerves. A few fi- 
bers near the pubic arch arise from the inner 
surface of the pelvis between the margin of 
the foramen and the attachment of the obtu- 
rator membrane. The fibers converge as they 
pass laterally and end in a tendon that 
courses behind the neck of the femur and 
the distal part of the capsule of the hip joint, 
to be inserted into the trochanteric fossa of 
the femur. The obturator vessels lie between 
the muscle and the obturator membrane. 
The anterior branch of the obturator nerve 
reaches the thigh by passing anterior to, or in 
front of, the muscle, and the posterior 
branch by piercing it. 


Action. The obturator externus rotates the 
thigh laterally. 
Nerve. The obturator externus is supplied by a 


branch of the obturator nerve, containing fibers 
from the third and fourth lumbar nerves. This branch 


Head of femur 
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comes either from the obturator nerve before it di- 
vides or from the posterior branch of the obturator 
after it divides. 

Group Muscle Actions at the Hip Joint. 
Extension of the thigh is performed by the gluteus 
maximus and adductor magnus; the former is most 
powerful in a position of lateral rotation, the latter tn 
medial rotation. The gluteus medius acts syner- 
getically during extension to neutralize the adduc- 
tion of the magnus and the lateral rotation of the 
gluteus maximus. The hamstring muscles can also 
extend the thigh, but are used for this action only if it 
accompanies flexion of the leg: 

Flexion of the thigh is performed by the iliopsoas, 
tensor fasciae latae, pectineus, and sartorius. The 
action is initiated by the tensor, pectineus, and sar- 
torius, but stronger and final action is by the 
iliopsoas, with assistance from the adductor mus- 
cles. The rectus femoris also flexes the hip, but only 
if the muscle is acting as an extensor at the knee. 

Abduction of the thigh is principally performed by 
the gluteus medius and minimus. Some assistance 
in this action comes from the tensor fasciae latae 
and sartorius, and even from the obturator internus, 
piriformis, and lower fibers of the gluteus maximus. 

Adduction of the thigh can result from the action 
of the three adductors, the pectineus, the obturator 
externus, the gracilis, and the hamstring muscles, as 
well as from the quadratus femoris and the upper 
fibers of the gluteus maximus. 

Lateral rotation of the thigh is performed by the 
obturator externus and internus, gemelli, piriformis, 
quadratus femoris, gluteus maximus, posterior fi- 
bers of the gluteus medius, and sartorius. Electro- 
myographic studies indicate that the itlhtopsoas mus- 
cle is also active during lateral rotation. 
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obturator externus. 


Medial rotation of the thigh is performed by the 
tensor fasciae latae, pectineus, gluteus minimus, 
and the lower fibers of the adductor magnus. 


Posterior Femoral Muscles 


The posterior femoral muscles cross the 
hip and knee joints and act primarily as flex- 
ors of the leg at the knee joint and extensors 
of the thigh at the hip. They are frequently 
referred to as the hamstring muscles and in- 
clude the: 


Biceps femoris 
Semitendinosus 
Semimembranosus 


BICEPS FEMORIS. The biceps femoris is sit- 
uated on the posterior and lateral aspect of 
the thigh (Fig. 6-73). Its two heads of origin 
are called long and short. The long head 
arises from an inferomedial impression on 
the posterior part of the ischial tuberosity by 
a tendon in common with the semitendino- 
sus muscle, and from the lower part of the 
sacrotuberous ligament. The short head does 
not cross the hip joint, but instead arises 
from the lateral lip of the linea aspera of the 
femur between the adductor magnus and 
vastus lateralis. It extends upward almost as 
high as the insertion of the gluteus maximus, 
and is prolonged down beyond the linea as- 
pera to a point about 5cm above the lateral 
condyle. It also arises from the lateral inter- 
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muscular septum. The fibers of the long head 
form a fusiform belly, which descends ob- 
liquely laterally across the sciatic nerve to 
end in an aponeurosis covering the posterior 
surface of the muscle. This aponeurosis re- 
ceives on its deep surface the fibers of the 
short head. This aponeurosis becomes grad- 
ually contracted into a tendon, which is in- 
serted into the lateral aspect of the head of 
the fibula, and a small tendinous slip, which 
attaches to the lateral condyle of the tibia. At 
its insertion the tendon divides into two por- 
tions, and these embrace the fibular collat- 
eral ligament of the knee joint. From the pos- 
terior border of the tendon a thin expansion 
extends to the fascia of the leg. The tendon 
of the biceps femoris forms the lateral ham- 
string, and the common peroneal nerve de- 
scends along its medial border. 


Action. The biceps femoris flexes the leg and, 
after it is flexed, rotates the tibia laterally on the 
femur. The long head also extends the thigh and 
tends to rotate it laterally. 

Nerves. The long head of the biceps femoris is 
supplied by branches, usually two, from the tibial 
portion of the sciatic nerve, containing fibers from 
the first three sacral nerves. The short head of the 
biceps femoris receives innervation from the pero- 
neal portion of the sciatic nerve, containing fibers 
from the fifth lumbar and first two sacral nerves. 

Variations. The short head of the biceps femo- 
ris may be absent. Additional heads may arise from 
the ischial tuberosity, the linea aspera, or the medial 
supracondylar ridge of the femur. A muscular slip 
may pass to the gastrocnemius. 


THE SEMITENDINOSUS. The semitendino- 
sus, remarkable because of the great length 
of its tendon of insertion, is situated at the 
posterior and medial aspect of the thigh (Fig. 
6-73). It arises from the inferomedial impres- 
sion of the ischial tuberosity by a tendon 
common to it and the long head of the biceps 
femoris. It also arises from an aponeurosis 
that connects the adjacent surfaces of the 
two muscles for an extent of about 7.5cm 
from their origin. The muscle is fusiform 
and ends a little distal to the middle of the 
thigh in a long round tendon, which lies 
along the surface of the semimembranosus 
muscle, medial to the popliteal fossa. It then 
curves around the medial condyle of the 
tibia and passes over the tibial collateral lig- 
ament of the knee joint, from which it is sep- 
arated by the anserine bursa. The tendon 
then is inserted into the proximal part of the 


medial surface of the body of the tibia, 
nearly as far anteriorly as its anterior crest. 
At its insertion it gives off from its distal bor- 
der a prolongation to the deep fascia of the 
leg. Lying posterior to the tendon of the sar- 
torius and distal to that of the gracilis, the 
semitendinosus tendon unites with tendons 
of these other muscles to form a flattened 
aponeurosis known as the pes anserinus. A 
tendinous intersection is usually observed 
about the middle of the muscle. 


Action. The semitendinosus flexes the leg 
and, after it is flexed, rotates the tibia medially. It 
also is able to extend the femur at the hip joint. 

Nerves. The semitendinosus is supplied by the 
tibial portion of the sciatic nerve (usually by two 
branches), containing fibers from the fifth lumbar 
and first two sacral nerves. 


THE SEMIMEMBRANOSUS. This muscle, so 
named because of its membranous tendon of 
origin, is situated at the back and medial side 
of the thigh (Fig. 6-73). It arises by a thick 
tendon from the upper and lateral impres- 
sion on the ischial tuberosity adjacent to the 
origin of the biceps femoris and semitendi- 
nosus. The tendon of origin expands into an 
aponeurosis that covers the proximal part of 
the anterior surface of the muscle. From this 
aponeurosis, muscular fibers arise and con- 
verge to another aponeurosis. The latter apo- 
neurosis covers the distal part of the poste- 
rior surface of the muscle, which then 
becomes the tendon of insertion. The semi- 
membranosus is inserted mainly into the 
horizontal groove on the posteromedial as- 
pect of the medial condyle of the tibia. The 
tendon of insertion gives off a number of fi- 
brous expansions; one, of considerable size, 
passes upward and laterally to be inserted 
into the posterior aspect of the lateral con- 
dyle of the femur, forming part of the 
oblique popliteal ligament of the knee joint. 
Another is continued distally to the fascia 
that covers the popliteus muscle, while a few 
fibers join the tibial collateral ligament of 
the joint and the fascia of the leg. The mus- 
cle overlaps the proximal part of the poplit- 
eal vessels. The tendons of the semitendino- 
sus and semimembranosus form the medial 
hamstrings. 


Action. The semimembranosus flexes the leg 
and, after it is flexed, tends to rotate it medially. It 
also extends the thigh at the hip joint. 

Nerves. The semimembranosus is supplied by 


several branches from the tibial portion of the sci- 
atic nerve, containing fibers from the fifth lumbar 
and first two sacral nerves. 

Variations. The semimembranosus may be 
reduced, absent, or doubled. It may arise primarily 
from the sacrotuberous ligament and give a slip to 
the femur or adductor magnus muscle. 

Group Actions at the Knee. Extension of the 
leg is performed by the quadriceps femoris, t.e., the 
rectus femoris, vastus lateralis, vastus medialis, and 
vastus intermedius. 

Flexion of the leg is performed by the hamstring 
muscles, i.e., the biceps femoris, semitendinosus, 
and semimembranosus, and by the popliteus. The 
Sartorius and gracilis act in full flexion and against 
resistance. The gastrocnemius may assist in flexion 
of the leg, but is used more to protect the knee joint 
from hyperextension. 

Lateral rotation of the leg, when the knee is par- 
tially flexed, is performed by the biceps femoris 
muscle. 

Medial rotation of the leg is performed by the grac- 
ilis and popliteus. The semimembranosus and sem- 
itendinosus also can act as medial rotators of the 
partially flexed leg. 


MUSCLES AND FASCIAE OF THE LEG 


The portion of the lower limb between the 
knee and ankle joints is known as the leg. 
Attached to its bones, the tibia and fibula, 
are three groups of muscles—anterior, poste- 
rior, and lateral. 

The superficial fascia covering the leg is 
both fatty and fibrous, and coursing through 
it are the cutaneous nerves and superficial 
vessels. Continuous with the superficial fas- 
cia of the thigh above and the foot below, 
this fascia can be dissected rather easily 
from the underlying deep fascia. 

DEEP FASCIA OF THE LEG. Also known as 
the crural fascia, the deep fascia of the leg 
forms a complete investment for the muscles 
and becomes fused with the periosteum over 
the subcutaneous surfaces of the bones. It is 
continuous superiorly with the fascia lata, 
and is attached around the knee to the pa- 
tella, the patellar ligament, the condyles of 
the femur, the tuberosity and condyles of the 
tibia, and the head of the fibula. Posteriorly, 
it forms the popliteal fascia, covering the 
popliteal fossa, where it is strengthened by 
transverse fibers and perforated by the small 
saphenous vein. Medially, at the knee, the 
crural fascia receives expansions from the 
tendons of the sartorius, gracilis, semitendi- 
nosus, and semimembranosus, while later- 
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ally, at the knee, it receives an expansion 
from the tendon of the biceps femoris mus- 
cle. The deep fascia blends anteriorly with 
the periosteum covering the subcutaneous 
surface of the tibia; inferolaterally, with the 
periosteum covering the head and malleolus 
of the fibula. Inferiorly, the crural fascia is 
continuous with the superior extensor reti- 
naculum and flexor retinaculum. It is thick 
and dense in the upper anterior part of the 
leg, and gives attachment by its deep surface 
to the tibialis anterior and extensor digi- 
torum longus muscles. In the mid-posterior 
aspect of the calf, it is thinner where it cov- 
ers the gastrocnemius and soleus. It gives off 
from its deep surface, on the lateral aspect of 
the leg, two strong intermuscular septa, the 
anterior and posterior crural intermuscular 
septa, which enclose the peroneus longus 
and brevis muscles and separate them from 
the muscles of the anterior and posterior 
crural regions. Other septa in the anterior 
and posterior crural regions separate the 
individual muscles. A broad transverse in- 
termuscular septum, called the deep trans- 
verse fascia of the leg, intervenes between 
the superficial and deep posterior crural 
muscles. 

The muscles of the leg will be described in 
three groups: 


Anterior crural 
Posterior crural 
Lateral crural 


Anterior Crural Muscles 


The anterior crural muscles occupy the 
anterior compartment of the leg, which lies 
between the tibia and the anterior intermus- 
cular septum. The four muscles of this com- 
partment are: 


Tibialis anterior 

Extensor hallucis longus 
Extensor digitorum longus 
Peroneus tertius 


TIBIALIS ANTERIOR. ‘The tibialis anterior 
muscle, situated on the lateral aspect of the 
tibia, is thick and fleshy proximally, but ten- 
dinous distally (Fig. 6-76). It arises from the 
lateral condyle and upper half or two-thirds 
of the lateral surface of the body of the tibia: 
from the adjoining part of the interosseous 
membrane; from the deep surface of the cru- 
ral fascia; and from an intermuscular sep- 
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Fic. 6-76. Muscles of the anterior leg. 
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tum between it and the extensor digitorum 
longus. The fibers course vertically down- 
ward to end in a tendon that becomes appar- 
ent on the anterior surface of the muscle 
along the lower third of the leg. After pass- 
ing through the most medial compartments 
of the superior and inferior extensor retinac- 
ula, it is inserted into the medial and plantar 
surfaces of the medial cuneiform bone, and 
the base of the first metatarsal bone. This 
muscle overlaps the anterior tibial vessels 
and deep peroneal nerve in the proximal 
part of the leg. 


Action. The tibialis anterior dorsally flexes the 
foot at the talocrural joint. It also inverts and adducts 
(supinates) the foot at the subtalar and midtarsal 
joints. These actions are especially important as the 
foot leaves the ground during walking and running. 

Nerve. The tibialis anterior is supplied by a 
branch of the deep peroneal nerve, containing fi- 
bers from the fourth and fifth lumbar and first sacral 
nerves. 

Variations. \n rare instances, a deep portion of 
the tibialis anterior muscle is inserted into the talus, 
or a tendinous slip may pass to the head of the first 
metatarsal bone or the base of the proximal phalanx 
of the great toe. The tibiofascialis anterior is a 
small muscle sometimes seen extending from the 
distal part of the tibia to the superior or inferior ex- 
tensor retinacula or deep fascia. 


EXTENSOR HALLUCIS LONGUS. The extensor 
hallucis longus is a thin musele, situated be- 
tween the tibialis anterior and the extensor 
digitorum longus. Its muscular belly is 
largely covered by these two muscles, and its 
tendon emerges to a superficial position in 
the lower third of the leg (Fig. 6-76). The ex- 
tensor hallucis longus arises from the medial 
surface of the fibula along the middle two- 
fourths of its extent, medial to the origin of 
the extensor digitorum longus, and from the 
interosseous membrane. The anterior tibial 
vessels and deep peroneal nerve lie between 
it and the tibialis anterior. The fibers de- 
scend and end in a tendon that occupies the 
anterior border of the muscle. It then passes 
deep to the superior extensor retinaculum, 
through a distinct compartment in the infe- 
rior extensor retinaculum, crosses from the 
lateral to the medial side of the anterior tib- 
ial vessels near the talocrural joints, and is 
inserted into the base of the distal phalanx 
of the great toe. Opposite the metatarsopha- 
langeal articulation, the tendon gives off a 


thin prolongation on both sides to cover the 
dorsal surface of the joint. An expansion 
from the medial side of the tendon is usu- 
ally inserted into the base of the proximal 
phalanx. 


Action. The extensor hallucis longus extends 
the proximal phalanx of the great toe. It also dorsally 
flexes and supinates the foot. 

Nerve. The extensor hallucis longus is supplied 
by a branch of the deep peroneal nerve, containing 
fibers from the fourth and fifth lumbar and first sac- 
ral nerves. 

Variations. The origin of the extensor hallucis 
longus Is occasionally united with that of the exten- 
sor digitorum longus. The extensor ossis metatarsi 
hallucis is a small muscle that is sometimes found 
as a slip from the extensor hallucis longus, or from 
the tibialis anterior, or from the extensor digitorum 
longus, or as a distinct muscle traversing the same 
compartment of the superior extensor retinaculum 
as the extensor hallucis longus. 


EXTENSOR DIGITORUM LONGUS. The exten- 
sor digitorum longus is a penniform muscle 
situated in the lateral part of the anterior leg 
(Figs. 6-76; 6-79). It arises from the lateral 
condyle of the tibia, from the upper three- 
fourths of the anterior surface of the body of 
the fibula, from the proximal part of the in- 
terosseous membrane, from the deep surface 
of the fascia, and from the intermuscular 
septa between it and the tibialis anterior on 
the medial aspect and the peroneal muscles 
on the lateral aspect. Between the extensor 
digitorum longus and the tibialis anterior in 
the upper leg are the proximal portions of 
the anterior tibial vessels and deep peroneal 
nerve. The tendon passes beneath the supe- 
rior and inferior extensor retinacula in com- 
pany with the peroneus tertius. It then di- 
vides into four slips, which course forward 
on the dorsum of the foot and are inserted 
into the middle and distal phalanges of the 
four lesser toes. The tendons to the second, 
third, and fourth toes are each joined later- 
ally, opposite the metatarsophalangeal artic- 
ulation, by a tendon of the extensor digi- 
torum brevis. Each of the tendons receives a 
fibrous expansion from the interossei and 
lumbricals before spreading outward into a 
broad aponeurosis called the digital exten- 
sor hood, which covers the dorsal surface of 
the proximal phalanx. This aponeurosis, at 
the articulation of the proximal with the 
middle phalanx, divides into three slips—an 
intermediate, which is inserted into the base 
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of the middle phalanx, and two collateral 
slips, which, after uniting on the dorsal sur- 
face of the middle phalanx, are continued 
onward, to be inserted into the base of the 
distal phalanx (Fig. 6-76). 


Action. The extensor digitorum longus extends 
the proximal phalanges of the four lateral toes. 
It also dorsally flexes and everts (tends to pronate) 
the foot. 

Nerve. The extensor digitorum longus is sup- 
plied by branches of the deep peroneal nerve, con- 
taining fibers from the fourth and fifth lumbar and 
first sacral nerves. 

Variations. The extensor digitorum longus 
muscle varies considerably in its mode of origin and 
in the arrangement of its various tendons. The ten- 
dons to the second and fifth toes may be doubled, or 
extra slips may be given off from one or more ten- 
dons to their corresponding metatarsal bones, to the 
short extensor, or to one of the interosseous mus- 
cles. A slip to the great toe from the innermost ten- 
don has also been reported. 


PERONEUS TERTIUS. The peroneus tertius 
(Figs. 6-76; 6-79) is part of the extensor digi- 
torum longus and might be described as its 
fifth tendon. The muscle fibers attaching to 
this tendon arise from the distal third or 
more of the anterior surface of the fibula, 
from the distal part of the interosseous mem- 
brane, and from an intermuscular septum 
between it and the peroneus brevis. The ten- 
don, after passing deep to the superior and 
inferior extensor retinacula in the same 
canal as the extensor digitorum longus, is 
inserted into the dorsal surface of the 
base of the metatarsal bone of the little toe 
(Fig. 6-80). 


Action. The peroneus tertius dorsally flexes 
and assists in everting the foot. 

Nerve. The peroneus tertius is supplied by a 
branch of the deep peroneal nerve, containing fi- 
bers from the fifth lumbar and first sacral nerves. 


Posterior Crural Muscles 


The muscles of the posterior leg are subdi- 
vided into two groups—superficial and 
deep. Those of the superficial group consti- 
tute a powerful muscular mass, forming the 
calf of the leg. Their large size is one of the 
most characteristic features of the muscular 
apparatus in man, and this size bears a direct 
relation to his erect posture and his mode of 
locomotion. 
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SUPERFICIAL GROUP 


Gastrocnemius 
Soleus 
Plantaris 


The two heads of the gastrocnemius and 
the soleus muscle are collectively called the 
triceps surae. Its common tendon of inser- 
tion is the tendo calcaneus, more popularly 
known as the Achilles’ tendon. 

THE GASTROCNEMIUS. The gastrocnemius 
is the most superficial muscle of the calf (Fig. 
6-77). Forming the prominent contour of the 
posterior leg, it arises by two heads and 
these are connected to the condyles of the 
femur by strong, flat tendons. The medial 
head, the larger of the two, arises from a 
depression at the upper and posterior part of 
the medial condyle and from the adjacent 
popliteal surface of the femur above the 
medial condyle. The lateral head arises from 
an impression on the side of the lateral con- 
dyle and from the posterior surface of the 
femur immediately above the lateral part of 
the condyle. Both heads also arise from the 
subjacent part of the capsule of the knee 
joint. Each tendon spreads out into an apo- 
neurosis that covers the posterior surface 
of the respective head. From the anterior 
surfaces of these tendinous expansions, 
muscular fibers arise, those of the medial 
head being thicker and extending more dis- 
tally than those of the lateral. The fibers 
unite at an angle in the midline of the mus- 
cle, forming a tendinous raphe that ex- 
pands into a broad aponeurosis on the ante- 
rior surface of the muscle. Into this raphe the 
remaining fibers are inserted. The aponeuro- 
sis, gradually contracting, unites with the 
tendon of the soleus and forms with it the 
tendo calcaneus. 


Action. The gastrocnemius plantar flexes the 
foot (points the toe), flexes the leg, and tends to 
supinate the foot. 

Nerves. The gastrocnemius is supplied by 
branches of the tibial nerve, containing fibers from 
the first and second sacral nerves. 

Variations. Absence of the lateral head or of 
the entire muscle has been observed. An extra slip 
from the popliteal surface of the femur is a more 
frequent variation. 


THE SOLEUS. The soleus muscle is broad 
and flat and lies immediately deep to the 
gastrocnemius (Figs. 6-77; 6-79). It arises by 
tendinous fibers from the posterior surface 


of the head of the fibula, from the proximal 
third of the posterior surface of the body of 
the fibula, from the soleal line, and from the 
middle third of the medial border of the 
tibia. Some fibers also arise from a tendi- 
nous arch placed between the tibial and 
fibular origins of the muscle, under which 
the popliteal vessels and tibial nerve run. 
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Fig. 6-77. Muscles of the posterior compartment of the 
leg. Superficial layer. 


The fibers end in an aponeurosis, which cov- 
ers the posterior surface of the muscle. This 
aponeurosis gradually becomes thicker and 
narrower and joins the insertion of the gas- 
trocnemius to form with it the tendo calca- 
neus. 


Action. The soleus muscle plantar flexes the 
foot, but it is an important postural muscle as well, 
appearing to be constantly active during ordinary 
quiescent standing. Because the center of gravity of 
the body passes anterior to the ankle joints, this 
muscle helps to prevent the body from falling for- 
ward. 

Nerve. The soleus is supplied by a branch of the 
tibialis nerve, containing fibers from the first and 
second sacral nerves. 

Variations. At times an accessory head is seen 
at its lower and inner part, usually ending in the 
tendo calcaneus, the calcaneus, or the flexor retinac- 
ulum. 


TENDO CALCANEUS. ‘The calcaneal tendon 
(also called the tendon of Achilles) is the 
common tendon of the gastrocnemius and 
soleus and is the thickest and strongest in 
the human body (Figs. 6-77; 6-79). It is about 
15 cm long and begins near the middle of the 
leg, but its anterior surface receives fleshy 
fibers almost to its distal end. It gradually 
contracts as it descends, so that it is rounded 
and narrowest at a point about 4cm above 
its insertion. Below this it expands once 
again, spreading somewhat to insert into the 
middle part of the posterior surface of the 
calcaneus. The calcaneal subtendinous 
bursa is interposed between the tendon and 
the bone. It is covered by the fascia and the 
integument, and it is separated from the 
deep muscles and vessels by a considerable 
interval that is filled with areolar and adi- 
pose tissue. Along its lateral aspect, but su- 
perficial to it, is the small saphenous vein. 

THE PLANTARIS. The plantaris is a small 
muscle placed between the gastrocnemius 
and soleus (Figs. 6-77; 6-79). It arises from the 
distal part of the lateral prolongation of the 
linea aspera and from the oblique popliteal 
ligament of the knee joint. It forms a small 
fusiform belly, from 7 to 10 cm long, ending 
in a long slender tendon that crosses ob- 
liquely between the gastrocnemius and so- 
leus and runs along the medial border of the 
tendo calcaneus, to be inserted with it into 
the posterior part of the calcaneus. This 
muscle is sometimes doubled, and at other 
times wanting. Occasionally, its tendon 
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fuses with the flexor retinaculum or with the 
fascia of the leg. The plantaris is a rudimen- 
tary muscle and is frequently compared to 
the palmaris longus in the forearm. 


Action. The plantaris is a weak flexor of the leg 
at the knee joint and plantar flexor of the foot at the 
ankle joint. 

Nerve. The plantaris is supplied by a branch of 
the tibial nerve, containing fibers from the fourth 
and fifth |umbar and first sacral nerves. 


DEEP GROUP 


Popliteus 

Flexor hallucis longus 
Flexor digitorum longus 
Tibialis posterior 


DEEP TRANSVERSE Fascia. The deep trans- 
verse fascia is an intermuscular fibrous sep- 
tum that stretches across the posterior leg 
between the superficial and deep posterior 
crural muscles. Extending transversely, it is 
connected at the sides to the margins of the 
tibia and fibula. Above, where it covers the 
popliteus muscle, it is thick and dense, and 
receives an expansion from the tendon of 
the semimembranosus. It is thinner in the 
middle of the leg, but distally, where it cov- 
ers the tendons passing behind the malleoli, 
it is thickened and continuous with the 
flexor retinaculum. 

THE PopLiteus. The popliteus is a thin, 
flat, triangular muscle that forms the distal 
part of the floor of the popliteal fossa. The 
lateral portion of the muscle arises by a 
strong tendon about 2.5 cm long, from a de- 
pression at the anterior part of the groove on 
the lateral condyle of the femur. Its more 
medial fibers arise from the arcuate poplit- 
eal ligament and the capsule of the knee 
joint. The muscle descends across the upper 
leg to insert into the medial two-thirds of the 
triangular surface proximal to the soleal line 
on the posterior surface of the tibia, and into 
the tendinous expansion covering the sur- 
face of the muscle. 


Action. The popliteus flexes and medially ro- 
tates the leg. More importantly, however, when the 
tibia is fixed, as occurs when the limb is supporting 
weight, the popliteus rotates the femur laterally on 
the tibia to ‘“‘unlock’’ the knee joint. 

Nerve. The popliteus is supplied by a branch of 
the tibial nerve, containing fibers from the fourth 
and fifth lumbar and first sacral nerves. 
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Variations. An additional slip of the popliteus 
muscle may arise from the sesamoid bone in the 
lateral head of the gastrocnemius. More rarely, a 
popliteus minor muscle arises from the femur on 
the inner side of the plantaris and inserts into the 
posterior ligament of the knee joint. In 14% of 
limbs, a muscle arises on the inner side of the head 
of the fibula and inserts into the upper end of the 
oblique line of the tibia, lying beneath the popliteus 
muscle. 


FLEXOR HALLUCIS LONGUS. ‘The flexor hal- 
lucis longus is situated on the fibular side of 
the leg (Fig. 6-78). It arises from the inferior 
two-thirds of the posterior surface of the 
body of the fibula (except the most distal 
2.5cm), from the distal part of the interosse- 
ous membrane, from an intermuscular sep- 
tum between the flexor hallucis longus and 
the peronei, laterally, and from the fascia 
covering the tibialis posterior, medially. The 
fibers pass obliquely downward, ending in a 
tendon that occupies nearly the whole 
length of the posterior surface of the muscle. 
This tendon lies in a groove that crosses the 
posterior surface of the lower end of the 
tibia, the posterior surface of the talus, and 
the inferior surface of the sustentaculum tali 
of the calcaneus. In the sole of the foot it 
runs forward between the two heads of the 
flexor hallucis brevis and is inserted into the 
base of the terminal phalanx of the large toe. 
The grooves on the talus and calcaneus, 
which contain the tendon of the muscle, are 
converted by tendinous fibers into distinct 
canals, lined by a synovial sheath. As the 
tendon courses distally in the sole of the 
foot, it passes beneath the tendon of the 
flexor digitorum longus to which it is con- 
nected by a strong tendinous slip. 


Action. The flexor hallucis longus flexes the 
distal phalanx of the great toe. It plantar flexes and 
Supinates the foot, and it importantly contributes to 
the propulsion of the foot at its ‘‘take off’’ during 
walking and running. 

Nerve. The flexor hallucis longus is supplied by 
a branch of the tibial nerve, containing fibers from 
the fifth lumbar and first and second sacral nerves. 

Variations. The flexor hallucis longus usually 
sends a slip to the flexor digitorum longus, and fre- 
quently an additional slip courses from the flexor 
digitorum longus to the flexor hallucis. On rare occa- 
sions, an aberrant muscle, the peroneocalcaneus 
internus, takes origin below or lateral to the flexor 
hallucis longus from the posterior aspect of the fib- 
ula, passes under the sustentaculum tali with the 
flexor hallucis longus, and inserts on the calcaneus. 
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Fic. 6-78. Muscles of the posterior compartment of the 
leg. Deep layer. 


FLEXOR DIGITORUM LONGUS. The flexor 
digitorum longus, situated on the tibial side 
of the leg, is thin and pointed at its origin, 
but it gradually increases in size as it de- 
scends (Fig. 6-78). It arises from the posterior 
surface of the body of the tibia, medial to the 


origin of the tibialis posterior. Its attachment 
extends from immediately below the soleal 
line to within 7 or 8cm of the lower tibial 
extremity. It also arises from the fascia cov- 
ering the tibialis posterior. The fibers end in 
a tendon that extends nearly the entire 
length of the posterior surface of the muscle. 
The tendon passes behind the medial malle- 
olus in a groove common to it and the ten- 
don of the tibialis posterior, but separated 
from the latter by a fibrous septum. Each 
tendon is contained in a special compart- 
ment lined by a separate synovial sheath. 
The tendon of the flexor digitorum longus 
passes obliquely downward and laterally, 
superficial to the deltoid ligament of the 
ankle joint, into the sole of the foot (Fig. 6- 
81), where it crosses superficial to the tendon 
of the flexor hallucis longus, from which it 
receives a strong tendinous slip. It then ex- 
pands, is joined by the quadratus plantae 
muscle, and finally divides into four ten- 
dons, which are inserted into the bases of the 
distal phalanges of the second, third, fourth, 
and fifth toes, each tendon passing through 
an opening in the corresponding tendon of 
the flexor digitorum brevis opposite the base 
of the proximal phalanx. 


Action. The flexor digitorum longus flexes the 
terminal phalanges of the four small toes, thereby 
allowing them to grip the ground more securely dur- 
ing walking. It also plantar flexes and supinates the 
foot at the ankle joint. 

Nerve. The flexor digitorum longus ts supplied 
by a branch of the tibial nerve, containing fibers 
from the fifth lumbar and first sacral nerves. 

Variations. Not infrequently, a muscular slip 
called the flexor accessorius longus digitorum 
arises from the fibula, tibia, or deep fascia and ends 
in a tendon that passes deep to the flexor retinacu- 
lum and joins the tendon of the flexor digitorum 
longus or the quadratus plantae tendon. 


TIBIALIS POSTERIOR. The tibialis posterior 
lies between the flexor digitorum longus and 
the flexor hallucis longus in the upper half of 
the leg, and it is the most deeply situated 
muscle in this flexor group (Fig. 6-78). The 
proximal end of the muscle consists of two 
pointed processes, separated by an angular 
interval through which the anterior tibial 
vessels pass to the anterior leg. It arises from 
the whole of the posterior surface of the in- 
terosseous membrane, except its lowest part; 
from the lateral portion of the posterior sur- 
face of the body of the tibia, between the 
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commencement of the soleal line proximally 
and the junction of the middle and lower 
thirds of the tibial shaft distally; and from 
the proximal two-thirds of the medial sur- 
face of the fibula. Some fibers also arise 
from the deep transverse fascia, and from 
the intermuscular septa separating it from 
the adjacent muscles. In the lower one- 
fourth of the leg, its tendon passes anterior, 
that is, deep, to that of the flexor digitorum 
longus and lies with it in a groove behind the 
medial malleolus, but enclosed in a separate 
sheath. It next passes deep to the flexor reti- 
naculum and superficial to the deltoid liga- 
ment. As it enters the foot, it turns forward 
superficial to the plantar calcaneonavicular 
ligament, and at this site the tendon contains 
a sesamoid fibrocartilage. It is inserted into 
the tuberosity of the navicular bone and 
gives off fibrous expansions, one of which 
passes backward to the sustentaculum tali of 
the calcaneus, while others course distally 
and laterally to the three cuneiforms, the 
cuboid, and the bases of the second, third, 
and fourth metatarsal bones. 


Action. When the foot is not bearing weight, 
the tibialis posterior is a plantar flexor of the foot. 
Because it also attaches to the lateral tarsal bones, it 
inverts and adducts (tends to supinate) the foot as 
well. When the foot is bearing weight, as in standing 
or walking, the tibialis posterior, along with other leg 
muscles, helps to distribute weight on the foot, 
thereby assisting in maintaining balance. 

Nerve. The tibialis posterior is supplied by the 
tibial nerve, containing fibers from the fifth lumbar 
and first sacral nerves. 


Lateral Crural Muscles 


The lateral crural muscles, two in number, 
occupy the lateral compartment of the leg, 
and they arise from the external surface of 
the fibula. They are separated from the ante- 
rior and posterior crural muscles by the an- 
terior and posterior intermuscular septa. 
Innervated by the superficial peroneal 
nerve, these muscles act as everters of the 
nonweight-bearing foot. The two lateral cru- 
ral muscles are: 


Peroneus longus 
Peroneus brevis 


PERONEUS LONGUS. The peroneus longus 
is situated proximally on the lateral aspect 
of the leg and is the more superficial of the 
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two muscles. It arises from the head and 
upper two-thirds of the lateral surface of the 
body of the fibula, from the deep surface of 
the fascia, and from the intermuscular septa 
between it and the muscles on the anterior 
and posterior leg. Occasionally, a few fibers 
also arise from the lateral condyle of the 
tibia. Between its attachments to the head 
and to the body of the fibula, there is a gap 
through which the common peroneal nerve 
passes to the anterior leg. The peroneus 
longus ends in a long tendon, which runs 
behind the lateral malleolus, in a groove 
common to it and the tendon of the peroneus 
brevis, behind which it lies. The groove is 
converted into a canal by the superior pero- 
neal retinaculum, the tendons being con- 
tained in a common synovial sheath. The 
tendon of the peroneus longus then extends 
obliquely forward across the lateral aspect 
of the calcaneus, below the peroneal troch- 
lea and the tendon of the peroneus brevis, 
and under cover of the inferior peroneal ret- 
inaculum. It crosses the lateral aspect of the 
cuboid, and then runs on the plantar surface 
of that bone in a groove that is converted 
into a canal by the long plantar ligament. 
The tendon then crosses the sole of the foot 
obliquely, and is inserted into the lateral 
aspect of the base of the first metatarsal bone 
and the lateral aspect of the medial cunei- 
form. Occasionally, it sends a slip to the base 
of the second metatarsal bone. The tendon 
of the peroneus longus changes direction at 
two points: first, behind the lateral malleo- 
lus; second, on the cuboid bone. At both 
sites the tendon is thickened, and along the 
cuboid bone a_ sesamoid_ fibrocartilage, 
which sometimes ossifies, is usually devel- 
oped in its substance. 


Action. The peroneus longus everts and, at the 
same time, abducts the foot in an action referred to 
as pronation. It may also act as a weak plantar flexor 
of the foot. During normal standing the muscle does 
not appear to be active, but is importantly involved 
as the foot takes off from the ground during walking. 
Additionally, the oblique course of the tendon across 
the plantar aspect of the foot helps to maintain the 
integrity of the lateral longitudinal and transverse 
arches of the foot. 

Nerve. The peroneus longus is supplied by a 
branch of the superficial peroneal nerve that con- 
tains fibers from the fourth and fifth lumbar and first 
sacral nerves. 


PERONEUS BREVIS. The peroneus brevis 
lies under cover of the peroneus longus and 
is a shorter and smaller muscle. It arises 
from the distal two-thirds of the lateral sur- 
face of the body of the fibula, its upper fibers 
being anterior to the lower fibers of the pero- 
neus longus. It also arises from the intermus- 
cular septa separating it from the adjacent 
muscles on the anterior and posterior leg. 
The fibers pass vertically downward, ending 
in a tendon that courses behind the lateral 
malleolus, along with but anterior to that of 
the peroneus longus. The two tendons are 
enclosed in the same compartment and are 
lubricated by a common synovial sheath. 
The peroneus brevis then turns forward on 
the lateral aspect of the calcaneus, above the 
peroneal trochlea and the tendon of the per- 
oneus longus, and is inserted into the tuber- 
osity at the base of the fifth metatarsal bone, 
on its lateral aspect. 

On the lateral surface of the calcaneus, the 
tendons of the peroneus longus and pero- 
neus brevis occupy separate osseoaponeu- 
rotic canals formed by the calcaneus and the 
inferior peroneal retinaculum. Each tendon 
is enveloped by an individual distal prolon- 
gation of the common synovial sheath. 


Action. The peroneus brevis everts and abducts 
(pronates) the foot. It also acts as a plantar flexor of 
the foot at the ankle joint. During walking, it com- 
pensates for inversion, thereby helping to balance 
the foot in order to support properly the weight of 
the body. 

Nerve. The peroneus brevis is supplied by a 
branch of the superficial peroneal nerve that con- 
tains fibers from the fourth and fifth lumbar and first 
sacral nerves. 

Variations. Fusion of the two peroneus muscles 
is rare. A slip from the peroneus longus to the 
base of the third, fourth, or fifth metatarsal bone, or 
to the adductor hallucis, is occasionally seen. Sev- 
eral additional muscle variants have been described: 

1. Peroneus accessorius arises from the fibula 
between the longus and brevis, and joins the tendon 
of the longus in the sole of the foot. 

2. Peroneus digiti minimi is rare, but when 
present arises from the lower fourth of the fibula 
under the brevis and inserts into the extensor 
aponeurosis of the little toe. It is more common as 
a slip of the tendon of the peroneus brevis. 

3. Peroneus quartus is present in about 13% of 
specimens and arises from the back of the fibula 
between the brevis and the flexor hallucis to insert 
into the peroneal trochlea of the calcaneum (per- 
oneocalcaneus externum) or, less frequently into 
the tuberosity of the cuboid (peroneocuboideus). 


Group Actions at the Ankle. Plantar flexion 
of the foot is brought about by the gastrocnemius, 
soleus, plantaris, peroneus longus and brevis, and 
tibialis posterior. The peronei and tibialis posterior 
act alone if there is no resistance to be overcome, 
whereas the flexor digitorum longus and flexor hallu- 
cis longus come into action to counter resistance. 

Dorsal flexion of the foot is performed by the 
tibialis anterior, extensor digitorum longus, extensor 
hallucis longus, and peroneus tertius. The peroneus 
brevis, along with the extensor digitorum longus and 
peroneus tertius, acts to neutralize the inversion of 
the tibialis anterior and extensor hallucis longus. 

Supination of the foot (combined adduction and 
inversion) is performed principally by the tibialis an- 
terior and tibialis posterior. The tibialis posterior 
adducts more powerfully, whereas the tibialis ante- 
rior inverts more powerfully. The gastrocnemius also 
tends to supinate the foot. 

Pronation of the foot (combined abduction and 
eversion) is performed by the peronei. The peroneus 
brevis abducts more strongly and acts slightly before 
the longus, whereas the peroneus longus everts 
more strongly. The peroneus tertius also tends to 
Pronate as does the extensor digitorum longus. 


Fascia Around the Ankle 


Embedded in or fused with the deep fascia 
of the lower leg are fibrous bands that form 
retinacula and bind down the tendons as 
they cross the ankle joint in their passage 
into the foot. These fibrous bands are more 
distinct in some bodies than in others. Gen- 
erally, however, there are (1) two retinacula 
binding the extensor muscles, the superior 
and inferior extensor retinacula; (2) one reti- 
naculum located medially over the flexor 
tendons, the flexor retinaculum; and (3) two 
retinacula located laterally over the tendons 
of the peroneal muscles, the superior and 
inferior peroneal retinacula. 

SUPERIOR EXTENSOR RETINACULUM. The 
superior extensor retinaculum (Figs. 6-76; 
6-79; 6-80), also known as the transverse cru- 
ral ligament, binds down the tendons of the 
tibialis anterior, extensor hallucis longus, 
extensor digitorum longus, and peroneus 
tertius just above the anterior aspect of the 
ankle joint. Coursing with the tendons as 
they enter the foot deep to the retinaculum 
are the anterior tibial vessels and deep pero- 
neal nerve. This retinaculum is attached lat- 
erally to the distal end of the fibula, and 
medially to the tibia, and at this site only the 
tendon of the tibialis anterior has a synovial 
sheath. 
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INFERIOR EXTENSOR RETINACULUM. The 
inferior extensor retinaculum (Figs. 6-76; 
6-79 to 6-81), which is also called the cruci- 
ate crural ligament, is a Y-shaped band 
placed anterior to the ankle joint. The stem 
of the Y is attached laterally to the upper 
surface of the calcaneus, adjacent to the 
calcaneal sulcus, which contains the interos- 
seous talocalcaneal ligament. It is directed 
medially as a double layer, which surrounds 
the tendons of the peroneus tertius and the 
extensor digitorum longus, one layer passing 
superficial to the tendons, the other deep to 
them. At the medial border of the extensor 
digitorum longus, the two layers join to form 
a compartment in which the tendons are 
enclosed. Continuing medially, the retinacu- 
lum diverges to form the two limbs of the Y. 
The upper band is directed proximally and 
medially to be attached to the medial malle- 
olus. It passes superficial to the tendon of the 
extensor hallucis longus, the anterior tibial 
vessels, and the deep peroneal nerve, but 
encloses the tibialis anterior by a splitting of 
its fibers. The lower band extends distally 
and medially, to be attached to the border of 
the plantar aponeurosis. It passes superficial 
to the tendons of the extensor hallucis 
longus and tibialis anterior and also the dor- 
salis pedis artery and deep peroneal nerve. 

FLEXOR RETINACULUM. The flexor retinac- 
ulum (Fig. 6-81) has also been called the 
laciniate ligament. It is a strong fibrous 
band that extends from the medial malleo- 
lus of the tibia proximally, to the margin of 
the calcaneus distally, where it converts 
a series of bony grooves into canals for the 
passage of the tendons of the flexor muscles, 
the posterior tibial vessels, and the tibial 
nerve into the sole of the foot. Its upper bor- 
der is continuous with the deep fascia of the 
leg, and its lower border blends with the 
plantar aponeurosis and the fibers of the ori- 
gin of the abductor hallucis muscle. From 
medial to lateral, the four canals formed by 
the flexor retinaculum transmit: (1) the ten- 
don of the tibialis posterior, (2) the tendon of 
the flexor digitorum longus, (3) the posterior 
tibial vessels and tibial nerve, which course 
through a broad space beneath the ligament, 
and (4) in a canal formed partly by the talus, 
the tendon of the flexor hallucis longus. 

SUPERIOR PERONEAL RETINACULUM. The 
superior peroneal retinaculum (Fig. 6-79) 
binds down the tendons of the peroneus 
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Fic. 6-79. Muscles of the right leg, viewed from the lateral aspect. (From Benninghoff and Goerttler, Lehrbuch der 
Anatomie des Menschen, Urban & Schwarzenberg, 11th Ed., Vol. 1, 1975.) 
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Fic. 6-80. The synovial sheaths of the tendons around the ankle. Lateral aspect. 
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Fic. 6-81. The synovial sheaths of the tendons around the ankle. Medial aspect. 
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longus and peroneus brevis as they course 
around the lateral aspect of the ankle. The 
fibers are attached above to the lateral mal- 
leolus and below to the lateral surface of the 
calcaneus. 

INFERIOR PERONEAL RETINACULUM. ‘The in- 
ferior peroneal retinaculum (Fig. 6-79) is 
continuous with the fibers of the inferior 
extensor retinaculum above and is attached 
behind to the lateral surface of the calca- 
neus. Some of the fibers are attached to the 
peroneal trochlea and form a septum be- 
tween the tendons of the peroneus longus 
and peroneus brevis. 


Synovial Sheaths of the Tendons 
Around the Ankle 


All of the tendons that cross the ankle 
joint are enclosed for part of their length in 
synovial sheaths (Figs. 6-80; 6-81). These 
have an almost uniform length of about 8 cm 
each. On the anterior aspect of the ankle 
joint, the sheath for the tibialis anterior ex- 
tends from the proximal margin of the supe- 
rior extensor retinaculum to the interval be- 
tween the diverging limbs of the inferior 
retinaculum. The common sheath for the 
extensor digitorum longus and peroneus 
tertius and the sheath for the extensor hallu- 
cis longus reach proximally to just above the 
level of the malleoli, the former being the 
higher. The sheath of the extensor hallucis 
longus is prolonged to the base of the first 
metatarsal bone, while that of the extensor 
digitorum longus reaches only to the level of 
the base of the fifth metatarsal. 

On the medial aspect of the ankle joint 
(Fig. 6-81), the sheath for the tibialis poste- 
rior extends most proximally—to about 4 cm 
above the medial malleolus—while distally 
it ends just above the tuberosity of the navic- 
ular. The sheath for the flexor hallucis 
longus commences above at the level of the 
malleolus, while that for the flexor digi- 
torum longus starts slightly higher. The 
former is continued distally to the base of 
the first metatarsal, but the latter stops oppo- 
site the medial cuneiform bone. 

On the lateral aspect of the ankle joint 
(Fig. 6-80), a sheath that is single for the 
greater part of its extent encloses the ten- 
dons of the peroneus longus and brevis. It 
extends proximally 4cm above the medial 
malleolus before it splits into separate 


sheaths for the two tendons lateral to the cal- 
caneus. Each sheath then continues distally 
for about another 4cm. 


MUSCLES AND FASCIAE 
OF THE FOOT 


The skin and superficial fascia on the dor- 
sum of the foot are thin and loosely adher- 
ent. The underlying deep fascia, also a thin 
layer, is continuous above with the superior 
and inferior extensor retinacula. On both 
sides of the foot, it blends with the plantar 
aponeurosis, and anteriorly it invests the 
tendons on the dorsum of the foot. 


Dorsal Muscle of the Foot 


EXTENSOR DIGITORUM BREVIS. The exten- 
sor digitorum brevis (Fig. 6-80) is a broad, 
thin muscle that arises from the superior 
(proximal) surface of the calcaneus, anterior 
and lateral to the calcaneal sulcus and distal 
to the groove for the peroneus brevis. Some 
of its fibers also arise from the lateral talo- 
calcaneal ligament and from the common 
limb of the inferior extensor retinaculum. It 
passes obliquely across the dorsum of the 
foot and ends in four tendons. The most 
medial, which is the largest, crosses the dor- 
salis pedis artery and is inserted into the 
dorsal surface of the base of the proximal 
phalanx of the great toe. It is frequently de- 
scribed as a separate muscle, the extensor 
hallucis brevis. The other three are inserted 
into the lateral surfaces of the tendons of the 
extensor digitorum longus muscle of the sec- 
ond, third, and fourth toes. 


Action. The extensor digitorum brevis extends 
the proximal phalanx of the great toe, and 
by its attachments to the tendons of the extensor 
digitorum longus, it extends the phalanges of the 
second, third, and fourth toes. 

Nerve. The extensor digitorum brevis is supplied 
by a branch of the deep peroneal nerve, containing 
fibers from fifth lumbar and first sacral nerves. 

Variations. Accessory slips of origin to the ex- 
tensor digitorum brevis from the talus and navicular, 
or from the lateral cuneiform and third metatarsal 
bones, or from the cuboid bone have been observed. 
The tendons vary in number and position. They may 
be reduced to two, or one of them may be doubled, 
or an additional slip may pass to the little toe. A 
supernumerary slip ending on one of the metatarso- 
ohalangeal articulations or joining a dorsal interosse- 
ous muscle is not uncommon. 


Plantar Aponeurosis 


The plantar aponeurosis is of great 
strength and consists of pearly white glisten- 
ing fibers disposed, for the most part, longi- 
tudinally. It is divided into central, lateral, 
and medial portions. 

The central portion is the thickest. It is 
narrow behind and attached to the medial 
process of the tuberosity of the calcaneus, 
proximal to the origin of the flexor digi- 
torum brevis (Fig. 6-82). It becomes broader 
and thinner distally and divides near the 
heads of the metatarsal bones into five proc- 
esses, one for each of the toes. Each of these 
processes separates opposite the metatarso- 
phalangeal joint into two strata, superficial 
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Fic.6-82. The first layer of plantar muscles. Right foot. 
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and deep. The superficial stratum is attached 
to the skin of the transverse sulcus, which 
separates the toes from the sole. The deeper 
stratum divides into two slips and these 
embrace the sides of the flexor tendons of 
the toes, blending with the sheaths of the 
tendons and with the transverse metatarsal 
ligament, and forming a series of arches 
through which the tendons of the short and 
long flexors pass to the toes. At the intervals 
between the five processes, the digital ves- 
sels and nerves and the tendons of the lum- 
brical muscles become superficial. At the 
point of division of the aponeurosis, numer- 
ous transverse fasciculi add to the strength 
of the aponeurosis by binding the processes 
together, and connecting them with the in- 
tegument. The central portion of the plantar 
aponeurosis is continuous with the lateral 
and medial portions. At these lines of junc- 
tion, two strong vertical intermuscular septa, 
broader distally than proximally, are sent 
deeper into the foot. These separate the in- 
termediate from the lateral and medial 
groups of plantar muscles. From these verti- 
cal septa are derived thinner transverse 
septa, which separate the various layers of 
muscles in this region. The deep surface of 
this aponeurosis gives origin proximally to 
some fibers of the flexor digitorum brevis. 
The lateral and medial portions of the plan- 
tar aponeurosis, which cover the sides of the 
sole of the foot, are thinner than the central 
portion. 

The lateral portion lies superficial to the 
abductor digiti minimi muscle. It is thin dis- 
tally and thick proximally, where it forms a 
strong band between the lateral process of 
the tuberosity of the calcaneus and the base 
of the fifth metatarsal bone. It is continuous 
medially with the central portion of the 
plantar aponeurosis, and laterally with the 
fascia on the dorsum of the foot. 

The medial portion is thin and lies super- 
ficial to the abductor hallucis muscle. It is 
attached behind to the flexor retinaculum 
and is continuous medially, around the side 
of the foot, with the fascia on the foot dor- 
sum and laterally with the central portion of 
the plantar aponeurosis. 


Plantar Muscles of the Foot 


The muscles in the plantar region of the 
foot can be divided into three groups— 
medial, lateral, and intermediate, like those 
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in the hand. The medial plantar muscles 
comprise the intrinsic muscles of the great 
toe and correspond to those of the thumb. 
The lateral plantar muscles consist of the 
intrinsic muscles of the small toe and corre- 
spond to those of the little finger. The inter- 
mediate plantar muscles, including the lum- 
bricals, the interossei, the flexor digitorum 
brevis, and the quadratus plantae, are con- 
nected with the tendons intervening be- 
tween the two former groups. In order to 
facilitate the description of these muscles, it 
is more convenient to divide them into four 
layers, in the sequence encountered during 
dissection. 


FIRST LAYER 


This is the most superficial of the plantar 
layers and consists of three muscles, all of 
which arise from the calcaneus. They lie 
deep to the plantar aponeurosis and are sur- 
rounded by their own fascial covering. 


Abductor hallucis 
Flexor digitorum brevis 
Abductor digiti minimi 


ABDUCTOR HALLUCIS. The abductor hallu- 
cis (Fig. 6-82) lies along the medial border of 
the foot, covering the entrance of the plantar 
vessels and nerves into the sole. It arises 
from the medial process of the tuberosity of 
the calcaneus, from the flexor retinaculum, 
from the plantar aponeurosis, and from the 
intermuscular septum between it and the 
flexor digitorum brevis. The fibers end in a 
tendon that is inserted, together with the 
medial tendon of the flexor hallucis brevis, 
into the medial side of the base of the proxi- 
mal phalanx of the great toe. 


Action. Although the abductor hallucis can 
abduct the great toe at the metatarsophalangeal 
joint, it probably acts more consistently as a 
flexor at that joint. 

Nerve. The abductor hallucis is supplied by a 
branch of the medial plantar nerve, containing 
fibers from the fifth lumbar and _ first sacral 
nerves. 


FLEXOR DIGITORUM BREVIS. The flexor dig- 
itorum brevis les in the middle of the sole of 
the foot. immediately deep to the central 
part of the plantar aponeurosis, to which 
many of its fibers are firmly united (Fig. 
6-82). Its deep surface is separated from the 
lateral plantar vessels and nerves by a thin 


layer of fascia. It arises by a narrow tendon 
from the medial process of the tuberosity of 
the calcaneus, as well as from the central 
part of the plantar aponeurosis and from the 
intermuscular septa between it and the adja- 
cent muscles. It passes distally and divides 
into four tendons, one for each of the four 
lesser toes. Opposite the bases of the proxi- 
mal phalanges, each tendon divides into two 
slips through which passes the corresponding 
tendon of the flexor digitorum longus. The 
two portions of the tendon then reunite and 
form a grooved channel for the accompany- 
ing long flexor tendon. Finally, the tendon of 
the flexor digitorum brevis divides a second 
time and is inserted onto both sides of the 
middle phalanx. The mode of division of the 
tendons of the flexor digitorum brevis, and 
of their insertion into the phalanges, is com- 
parable to that of the tendons of the flexor 
digitorum superficialis in the hand. 


Action. The flexor digitorum brevis flexes the 
second phalanges of the four lateral toes. 

Nerve. The flexor digitorum brevis is supplied 
by a branch of the medial plantar nerve, containing 


fibers from the fifth lumbar and first sacral 
nerves. 
Variations. The tendon to the little toe is fre- 


quently absent (38%), or it may be replaced by a 
small fusiform muscle arising from the long flexor 
tendon (33%), or from the quadratus plantae. 


FIBROUS SHEATHS OF THE FLEXOR TENDONS. 
The terminal portions of the tendons of the 
long and short flexor muscles are contained 
in osseous-aponeurotic canals similar in 
their arrangement to those in the fingers. 
These canals are limited dorsally by the pha- 
langes and on the plantar aspect by fibrous 
bands called digital fibrous sheaths, which 
arch across the tendons and are attached on 
both sides to the margins of the phalanges. 
Opposite the bodies of the proximal and 
middle phalanges, the annular part of the 
fibrous bands is strong, and the fibers are 
transverse. Opposite the joints, the cruciate 
part of the fibrous sheaths is much thinner 
and the fibers are directed obliquely. Each 
canal contains a synovial sheath, which is 
reflected around the contained tendons and 
is attached to the tendons by vincula 
tendinum similar to those in the digits of the 
hand. 

ABDUCTOR bDIGIT! mMinimi. The abductor 
digiti minimi (Fig. 6-82) lies along the lateral 
border of the foot, its medial margin being 


related to the lateral plantar vessels and 
nerves. It arises, by a broad origin, from the 
lateral process and distal part of the medial 
process of the tuberosity of the calcaneus, as 
well as from the intervening plantar surface 
of the bone. It also arises from the plantar 
aponeurosis and from the intermuscular 
septum between it and the flexor digitorum 
brevis. Its tendon, after gliding over a 
smooth facet on the plantar surface of the 
base of the fifth metatarsal bone, is inserted, 
with the flexor digiti minimi brevis, into the 
lateral aspect of the base of the proximal 
phalanx of the little toe. 


Action. The abductor digiti minimi abducts 
and helps to flex the small toe at the metatarso- 
phalangeal joint. 

Nerve. The abductor digiti minimi is supplied by 
a branch of the lateral plantar nerve, containing 
fibers from the second and third sacral nerves. 

Variations. Usually some fibers of this muscle 
insert onto the tuberosity at the base of the fifth met- 
atarsal. At times these fibers actually constitute a 
separate muscle, the abductor ossis metatarsi 
quinti, with fibers arising on the lateral process 
of the tuberosity of the calcaneus and inserting 
onto the tuberosity of the fifth metatarsal bone in 
common with or beneath the outer margin of the 
plantar fascia. 


SECOND LAYER 


The intrinsic muscles of the second layer 
are all attached to the tendons of the flexor 
digitorum longus as that muscle courses 
through the sole of the foot on its way to the 
digits. The muscles of this layer are: 


Quadratus plantae 
Lumbricales 


QUADRATUS) PLANTAE. ‘The quadratus 
plantae (Fig. 6-83), also known as the flexor 
accessorius, alters the posteromedial pull of 
the tendon of the flexor digitorum longus 
into an almost straight posteriorly oriented 
pull. Between it and the muscles of the first 
layer are found the lateral plantar vessels 
and nerve. It arises by two heads, which are 
separated from each other by the long plan- 
tar ligament. The larger, muscular medial 
head arises from the medial concave surface 
of the calcaneus, below the groove that 
lodges the tendon of the flexor hallucis 
longus. The Jateral head, which is flat and 
tendinous, arises from the lateral border of 
the calcaneus, distal to the lateral process of 
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Fic. 6-83. The second layer of plantar muscles. Right 
foot. 


its tuberosity, and from the long plantar liga- 
ment. The two portions join at an acute 
angle and end in a flattened muscular band, 
which is inserted deep to and along the lat- 
eral margin of the tendon of the flexor digi- 
torum longus near the middle of the plantar 
region. The deeper part of the quadratus 
plantae usually sends slips to those tendons 
of the flexor digitorum longus that pass to 
the second, third, and fourth toes. 


Action. The quadratus plantae helps the 
flexor digitorum longus to flex the terminal pha- 
langes of the four small toes. 

Nerve. The quadratus plantae is supplied by a 
branch of the lateral plantar nerve, containing fi- 
bers from the second and third sacral nerves. 

Variations. The lateral head or sometimes the 


588 \N Al 


entire muscle is absent. The muscle varies with re- 
spect to the number of digital tendons receiving 
muscular slips. Occasionally, tendons to only two 
toes receive muscle fibers; sometimes those to the 
fourth are absent, and in many cases, fibers are sent 
to the fifth. 


THE LUMBRICALS. The lumbricals are four 
small muscles, accessory to the tendons of 
the flexor digitorum longus, numbered from 
the medial side of the foot (Fig. 6-83). They 
arise from these tendons, as far back as their 
angles of division. Each lumbrical springs 
from two tendons except the first, which 
arises along the medial surface of the first 
tendon. The muscles end in tendons, which 
pass distally along the medial sides of the 
four lesser toes and are inserted into the ex- 
pansions of the tendons of the extensor dig!- 
torum longus on the dorsal surfaces of the 
proximal phalanges. 


Action. The lumbricals in the foot, similar to 
those in the hand, flex the proximal phalanges at 
the metatarsophalangeal joints and extend the 
two distal phalanges at the interphalangeal joints 
of the four lateral toes. 

Nerves. The first lumbrical is supplied by a 
branch of the medial plantar nerve, containing 
fibers from the fifth lumbar and first sacral 
nerves. The other three lumbricals receive branches 
of the lateral plantar nerve, containing fibers from 
the second and third sacral nerves. 

Variations. Absence of one or more lumbrical 
muscles has been noted, and doubling of the third or 
fourth has been reported. At times they may be in- 
serted partly or wholly onto the bone of the first pha- 
langes instead of the dorsal expansions. 


THIRD LAYER 


Two short flexors, one for the large toe and 
one for the little toe, and the adductor of the 
large toe comprise the muscles of the third 
laqer. They are: 


Flexor hallucis brevis 
Adductor hallucis 
Flexor digiti minimi brevis 


FLEXOR HALLUCIS BREVIS. Throughout 
most of its extent, the flexor hallucis brevis 
lies adjacent to the plantar surface of the 
first metatarsal bone (Fig. 6-84). It arises by a 
pointed tendinous process from the medial 
part of the plantar surface of the cuboid 
bone, from the contiguous portion of the lat- 
eral cuneiform, and from the prolongation of 
the tendon of the tibialis posterior, which is 


Sesamoid bones 





Fic. 6-84, 
foot. 


The third layer of plantar muscles. Right 


attached to that bone. It divides distally into 
medial and lateral parts, which are inserted 
into the medial and lateral aspects of the 
base of the proximal phalanx of the large 
toe, a sesamoid bone being present in each 
tendon at its insertion. The medial part is 
blended with the abductor hallucis of the 
first layer just before its insertion, while the 
lateral part inserts near the tendon of the 
adductor hallucis. The tendon of the flexor 
hallucis longus lies in a groove between the 
two parts. 


Action. The flexor hallucis brevis flexes the 
proximal phalanx of the large toe at the meta- 
tarsophalangeal joint. 

Nerve. The flexor hallucis brevis is supplied by a 


branch of the medial plantar nerve, containing 


fibers from the fifth lumbar and first sacral 
nerves. 
Variations. The origin of the flexor hallucis 


brevis may vary. It often receives fibers from the 
calcaneus or long plantar ligament, and the attach- 
ment to the cuboid may be absent. An additional slip 
may insert onto the proximal phalanx of the sec- 
ond toe. 


ADDucTOR HALLUCIS. The adductor hallu- 
cis consists of oblique and transverse heads 
(Fig. 6-84). The oblique head is a large, thick, 
fleshy mass, which occupies an otherwise 
hollow space superficial to the first, second, 
third, and fourth metatarsal bones. It arises 
from the bases of the second, third, and 
fourth metatarsal bones, and from the sheath 
of the tendon of the peroneus longus. Cross- 
ing obliquely to the medial side of the foot, it 
is inserted, together with the lateral portion 
of the flexor hallucis brevis, into the lateral 
aspect of the base of the proximal phalanx 
of the large toe. The transverse head is a nar- 
row, flat fasciculus that arises from the 
plantar metatarsophalangeal ligaments of 
the third, fourth, and fifth toes (sometimes 
only from the third and fourth) and from the 
transverse metatarsal ligaments of these 
same digits. Coursing medially, its fibers are 
inserted into the lateral aspect of the base of 
the proximal phalanx of the large toe, its fi- 
bers blending with the tendon of insertion of 
the oblique head. 


Action. The adductor hallucis adducts the 
large toe, drawing it toward the longitudinal axis 
of the foot. It also flexes the proximal phalanx of 
the large toe at the metatarsophalangeal joint and 
helps to maintain the transverse metatarsal arch. 

Nerve. The adductor hallucis is supplied by a 
branch of the lateral plantar nerve, containing fi- 
bers from the second and third sacral nerves. 

Variations. A small slip of the muscle may insert 
onto the base of the proximal phalanx of the 
second toe. At times a portion of the muscle may 
insert onto the first metatarsal bone, constituting an 
opponens hallucis muscle. 


FLEXOR DIGITI MINIM! BREVIS. The short 
flexor of the little toe lies superficial to the 
fifth metatarsal bone and resembles one of 
the interossei (Fig. 6-84). It arises from the 
base of the fifth metatarsal bone and from 
the sheath of the peroneus longus. Its tendon 
is inserted into the lateral aspect of the base 
of the proximal phalanx of the fifth toe. Oc- 
casionally a few of the deeper fibers are in- 
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serted into the lateral part of the distal half 
of the fifth metatarsal bone, being described 
by some authors as a distinct muscle, the op- 
ponens digiti minimi. 


Action. The flexor digiti minimi brevis flexes 
the proximal phalanx of the small toe at the 
metatarsophalangeal joint. 

Nerve. The flexor digiti minimi brevis is supplied 
by a branch of the lateral plantar nerve, containing 
fibers from the second and third sacral nerves. 


FOURTH LAYER 


The fourth layer of muscles on the plantar 
aspect of the foot consists of the interossei. 
These are similar to the interossei in the 
hand, except that their action is considered 
relative to the midline of the second digit, 
through which the longitudinal axis of the 
foot courses, in contrast to the midline of the 
third digit, as is the case in the hand. There 
are seven interossei in the foot and they are 
arranged in two groups: 


Dorsal interossei 
Plantar interossei 


DORSAL INTEROSSE!I. The dorsal interossei 
(Fig. 6-85), situated between the metatarsal 
bones, are four bipennate muscles, each 
arising by two heads from the adjacent sides 
of the metatarsal bones between which it is 





Fic. 6-85. The dorsal interossei. Left foot, dorsal view. 
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Fic. 6-86. 
view. 


The plantar interossei. Left foot, plantar 


placed. Their tendons are inserted into the 
bases of the proximal phalanges and into the 
dorsal digital aponeuroses of the tendons of 
the extensor digitorum longus. The first is in- 
serted into the medial side of the second toe, 
while the other three are inserted into the 
lateral aspects of the second, third, and 
fourth toes. In the angular interval left be- 
tween the heads of each of the three lateral 
dorsal interosseous muscles, one of the per- 
forating arteries passes to the dorsum of the 
foot. Through the space between the two 
heads of the first muscle, the deep plantar 
branch of the dorsalis pedis artery enters the 
sole of the foot. 


Action. The dorsal interossei abduct the toes 
from the longitudinal axis, which extends through 
the second toe. They also flex the proximal phalanx 
and extend the distal phalanges. 

Nerves. The dorsal interossei are supplied by 
twigs from the lateral plantar nerve, containing fi- 
bers from the second and third sacral nerves. The 
fourth dorsal interosseous receives nerve fibers from 
the superficial branch, while the other three receive 
their innervation from the deep branch of the lateral! 
plantar nerve. 


PLANTAR INTEROSSE!. The plantar interos- 
sei, which are three in number, lie along the 
plantar surface of the metatarsal bones, 


rather than between them. Each is con- 
nected with but one metatarsal bone. They 
arise from the bases and medial sides of the 
bodies of the third, fourth, and fifth metatar- 
sal bones; they are inserted into the medial 
sides of the bases of the proximal phalanges 
of the same toes and into the dorsal digital 
aponeuroses of the tendons of the extensor 
digitorum longus. 


Action. The plantar interossei adduct the 
third, fourth, and fifth toes toward the axis of the 
second toe. They also flex the proximal and extend 
the distal phalanges. 

Nerve. The plantar interossei are supplied by 
branches of the lateral plantar nerve that contain 
fibers from the second and third sacral nerves. The 
third (most lateral) interosseous muscle is supplied 
by the superficial branch of the lateral plantar nerve, 
while the other two are supplied by the deep branch. 

Group Actions of Muscles at the Meta- 
tarsophalangeal Joints of the Toes. Flexion of 
the toes at these joints is performed by the flexor 
digitorum longus, the quadratus plantae, the flexor 
digitorum brevis, the flexor hallucis longus and 
brevis, the flexor digiti minimi brevis, as well as the 
lumbricals and interossei. Extension at the meta- 
tarsophalangeal joint is performed by the extensors 
digitorum longus and brevis and the extensor hallu- 
cis longus. Abduction of the toes results from the 
action of the dorsal interossei, the abductor hallucis, 
and the abductor digiti minimi. Adduction of the 
toes is performed by the plantar interossei and the 
adductor hallucis. 

Group Actions of Muscles at the Interpha- 
langeal Joints of the Toes. Flexion of the toes 
at the interphalangeal joints occurs through the 
action of the flexor digitorum longus with the assist- 
ance of the quadratus plantae. The flexor digitorum 
brevis flexes the interphalangeal joints between the 
middle and proximal phalanges, while the flexor hal- 
lucis longus flexes the interphalangeal joint of the 
large toe. Extension of the interphalangeal joints is 
performed by the extensor digitorum longus, the 
lumbricals, and the interossei, as well as the exten- 
sor digitorum brevis and extensor hallucis longus. 


Structure of Skeletal Muscle 


The contractile property of muscle tissue 
allows for movement of limbs and other 
body parts. Although the fundamental units 
of muscle tissue are called muscle fibers, 
these elements are in fact elongated cells 
containing nuclei and cytoplasm. There are 
two general types of muscle, smooth and 
striated. Smooth muscle is generally found 
in the walls of viscera and is under the neu- 


ral control of motor fibers in the visceral 
nervous system (the autonomic nervous Sys- 
tem). Striated muscle, however, is further 
subdivided into cardiac striated muscle, 
which is found in the walls of the heart, and 
skeletal striated muscle. The latter is con- 
nected to the bony skeleton and forms the 
bulk of the flesh in the body; it is under vol- 
untary neural control by way of the somatic 
motor nerve fibers in the cranial and spinal 
nerves. All the muscles described in this 
chapter are formed of skeletal striated mus- 
cle. Because the chapter on the heart will 
describe cardiac striated muscle, and chap- 
ters on the viscera will elaborate the struc- 
ture of smooth muscle, this discussion will 
be limited to the general organization, cellu- 
lar features, and ultrastructural characteris- 
tics of skeletal striated muscle. 

GENERAL ORGANIZATION OF SKELETAL MUS- 
cle. Skeletal muscle is designed principally 
for mobility, serving to enable an organism 
to react appropriately to environmental con- 
ditions. Yet, skeletal muscles benefit the 
body in more ways than only the production 
of movement. They also produce body heat, 
and to function effectively they must limit 
movement, as well as counteract the force of 
gravity in order to maintain posture. Most 
skeletal muscles are connected to bones, car- 
tilages, or ligaments, usually through the in- 
tervention of tendons or aponeuroses. These 
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tendinous attachments to bone may be long 
(insertion of semitendinosus or origin of 
long head of biceps brachii), or the muscle 
fibers may attach quite directly to the bone 
(origins of lateral and medial heads of tri- 
ceps brachii). Muscles may also attach to the 
skin (facial muscles), to a mucous membrane 
(certain tongue muscles), or to a fibrous plate 
(extraocular muscles), or they may form cir- 
cular bands (sphincter muscles). 

The long, cylindrical, striated skeletal mus- 
cle fibers (Fig. 6-87) are arranged, more or 
less, in a parallel manner to form bundles 
or fascicles. Between the individual muscle 
fibers ramifies a delicate network of connec- 
tive tissue called the endomysium (Fig. 6-87). 
Each bundle or fascicle is surrounded by a 
more distinct, but still thin, layer of collage- 
nous and elastic connective tissue, the peri- 
mysium, which binds the fascicles into 
larger groups and forms the fibrous septa 
throughout a muscle (Fig. 6-87). Investing the 
entire muscle is the connective tissue epi- 
mysium. This latter covering may be well 
developed, or it may be quite delicate, as it is 
when a muscle glides freely beneath a strong 
fascial sheet. At times the epimysium may 
lose its identity and even become fused with 
the surrounding fascial layer, especially if 
the adjacent fascia is used by some of the 
muscle fibers for their attachment. Such an 
elaborate meshwork of stromal connective 
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Fic. 6-87. Striated muscle. Muscles of the tongue. 320 x. Stain: hematoxylin-eosin. (From di Fiore, Atlas of Human 


Histology, 5th Ed., Lea & Febiger, 1981.) 
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tissue elements allows for a more independ- 
ent action of the individual fascicles and 
muscle fiber groups. 

In principle, the ends of muscle fibers at- 
tach in a similar manner whether the fascic- 
uli end in a tendon or are connected directly 
to bones or cartilage. Each muscle fiber 
has a distinct termination, which is rounded, 
conical, or truncated, and is covered by the 
muscle fiber membrane. The collagen fibrillae 
of the endomysium become thickened and 
closely adherent to the end of the fiber as 
they pass over it (Fig. 6-88). The collagen fi- 
bers then course beyond the muscle fiber 
into the tendon, where they become the ac- 
tual substance of the tendon (Goss, 1944). In 
muscles that appear to attach directly to 
bones, cartilages, or other structures, the fi- 
bers of the endomysium become continuous 
with the periosteum or other fibrous layers 
in the same manner as with a tendon. When 
the muscle fibers terminate within a fascicu- 
lus, as in long muscles, the ends of the fibers 
may be either blunt or long and tapering, 
and they are secured in place by the merging 
of their terminal endomysium with the en- 
domysium of neighboring fibers. These find- 
ings have been confirmed by electron mi- 
croscopy (Mackey et al., 1969). 

Skeletal muscle is well supplied with both 
vessels and nerves. Arterial and venous ves- 
sels course through the perimysium, even- 
tually dividing into fine capillaries which 
ramify among the individual muscle fibers, 
anastomosing freely and forming a rich bed 
for the exchange of nutrients and metabo- 
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lites. Accompanying the vessels in the pert- 
mysium are branches of larger nerve trunks, 
which together with the vessels frequently 
form a neurovascular network in the con- 
nective tissue septa between the fascicles of 
a muscle. Finer branching of the nerve 
trunks eventually results in both the motor 
and sensory innervation of the individual 
skeletal muscle fibers. A single alpha motor 
nerve fiber may supply anywhere from three 
to over two thousand skeletal muscle fibers. 
In muscles serving to produce fine move- 
ments under discriminating voluntary con- 
trol, such as the extraocular muscles in the 
orbit, each nerve fiber innervates a small 
number of muscle fibers. In contrast, mus- 
cles producing gross movements have many 
hundreds of muscle fibers supplied by a sin- 
gle nerve fiber. A single motor nerve fiber 
(alpha efferent) and all the muscle fibers that 
it innervates constitute a functional subdivi- 
sion of muscle and collectively are called the 
motor unit. Thus, when a nerve impulse 
travels along a motor nerve fiber that it sup- 
plies, all of the muscle fibers in the motor 
unit contract together. Muscle is also sup- 
plied with sensory fibers, most of which 
course from receptor sites in neuromuscular 
spindles and Golgi! tendon organs. 
Neuromuscular spindles are composed of 
three to fewer than twenty striated muscle 
fibers surrounded by a thick connective tis- 
sue capsule. These intracapsular muscle fi- 


1Camillo Golgi (1843-1926): An Italian anatomist (Pavia 
and Siena). 
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Fic. 6-88. Attachment of a muscle fiber from the flexor digitorum superficialis of a monkey. Reticular connective 
tissue fibrils are blackened with Masson’s silver stain. 900 x. (From Goss, 1944.) 


bers are called intrafusal to differentiate 
them from the extrafusal muscle fibers in 
the remainder of the muscle (Fig. 6-89). Sur- 
rounded by afferent nerve fibers, the intra- 
fusal fibers of muscle spindles receive motor 
innervation by a special group of nerve fi- 
bers called the gamma efferents. Muscle 
spindles serve as receptors in many somatic 
muscles and are capable of responding to a 
stretching of the entire muscle, or a part of it, 
thereby initiating a sensory discharge in 
their afferent fibers. This feedback informa- 
tion to the central nervous system is impor- 
tantly involved in muscle control and the 
maintenance of muscle tone. 

CELLULAR FEATURES OF SKELETAL MUSCLE. 
The principal parenchymal unit in skeletal 
muscle is the striated skeletal muscle cell. 
These may be large, exceedingly long cells, 
like those in the sartorius muscle, extending 
many centimeters in length and measuring 
from 10 to 100 microns in width, or they may 
be only a few millimeters in length and ex- 
tremely slender. If teased apart, skeletal 
muscle cells can be within the limit of visi- 
bility of the naked eye. 

Each striated muscle cell is multinucle- 
ated, the numbers of nuclei being propor- 
tional to the volume of the cell. The nuclei 
are flat, elongated discs with their long axis 
oriented in the direction of the muscle fiber. 
Although they are numerous and irregularly 
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placed along the muscle fiber, they are lo- 
cated close to the inner surface of the outer 
cell membrane or sarcolemma (Fig. 6-90). In 
special preparations, the mitochondria and 
the Golgi apparatus can be demonstrated 
adjacent to the poles of each skeletal muscle 
cell nucleus. In addition to the nuclei of the 
skeletal muscle cell, striated muscle tissue 
contains nuclei of fibroblasts, as delicate 
wisps of connective tissue forming the endo- 
mysium are interposed between the muscle 
cells. 

Within the sarcoplasm (cytoplasm) of 
skeletal muscle cells are found many longi- 
tudinally oriented parallel units called myo- 
fibrils. These are visible with the light micro- 
scope and measure less than one micron to 
about two or three microns in diameter. 
When muscle fibers are cut in cross section, 
the myofibrils appear as clusters of fine dots 
that occupy nearly all of the intracellular 
volume (Fig. 6-90). Between the myofibrils, 
however, are small amounts of sarcoplasm 
that slightly separate them from each other. 
In longitudinal sections, the most remarka- 
ble characteristic of skeletal muscle cells is 
their cross striations (Fig. 6-91). The cross 
striated appearance is due to the fact that the 
myofibrils consist of alternating dark (A 
band) and light (I band) staining segments. 
When observed with the polarizing micro- 
scope, the bands that appear dark with the 
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Fic. 6-89. Cross section of part of a lumbrical muscle from a human hand, showing extrafusal and intrafusal muscle 
fibers, endomysium, blood capillaries, and a muscle spindle. Approximately 400 x.(From Rauber-Kopsch, Lehrbuch u. 
Atlas d. Anatomie d. Menschen, 19th Ed., Vol. I. Georg Thieme Verlag, 1955.) 





Fic. 6-90. Photomicrograph of striated muscle fibers 
cut in cross section. Note that within each muscle fiber 
are many myofibrils and that the nuclei are placed near 
the surface of the fiber membrane. (From Ham, Histol- 
ogy, 7th Ed., J. B. Lippincott, 1974.) 


ordinary light microscope are doubly refrac- 
tile (birefringent) or anisotropic (hence 
called A bands). Contrastingly, the light 
staining bands of customary histologic prep- 
arations appear isotropic with polarizing 
light (hence called I bands). 

The cross striations of adjacent myofibrils 
within a skeletal muscle cell observed in 
longitudinal section are not exactly aligned, 
and the intervening sarcoplasm does not 
show striations. They are, however, evenly 
registered and thereby give the muscle fi- 
ber striations the appearance of extending 
across the entire fiber. Well-fixed light mi- 
croscopic preparations of longitudinally ori- 
ented skeletal muscle cells reveal a dark 
transverse line that bisects each lightly 
stained | band. This line, called the Z line 
(zwischenscheibe), may be conceived of as a 
septum across the myofibril and is desig- 
nated as the limits of a sarcomere. The sar- 
comere is the repeating structural unit of a 
mvyofibril as well as its functional unit of 


contraction. Thus, between two Z lines, the 
sarcomere includes one A band, plus one 
half of an I band on each of its ends 
(Fig. 6-92). 

There appears to be morphological corre- 
lation to the speed of contraction of muscle 
fibers. Two main types of fibers have been 
identified: small-diameter red fibers, which 
are rich in mitochondria and myoglobin and 
are surrounded by more blood capillaries, 
and large-diameter white fibers, which con- 
tain little myoglobin and few mitochondria 
(Gauthier, 1970). Frequently, muscles consist 
of a mixture of the fiber types, but in certain 
muscles one fiber type predominates over 
the other. The duration of contraction of red 
muscle fibers may last ten times that of 
white muscle fibers. The soleus muscle, 
which must function for extended periods of 
time as an antigravity muscle, principally 
consists of red muscle fibers. It contracts 
slowly, but the duration of its contraction is 
quite long (100 msec). In contrast, extraocu- 
lar muscles, which rapidly fixate the eye- 
balls, consist of white fibers that allow mus- 
cle contractions to be rapid but of short 
duration (10 msec). 

ULTRASTRUCTURAL FEATURES OF SKELETAL 
musc.e. Although the A bands, I bands, 
and Z lines can quite readily be observed 
with ordinary microscopy, the electron mi- 
croscope has significantly contributed to an 
understanding of skeletal muscle. First of all, 
the dark staining A band is crossed by a 
lighter band called the H zone (Hensen’s 
zone'). In turn, the lighter H zone is bisected 
by a slightly darker M line (Fig. 6-92). The 
individual myofibrils within a skeletal mus- 
cle cell are themselves composed of longitu- 
dinally oriented myofilaments. Two types of 
myofilaments have been identified accord- 
ing to their size and chemical composition. 
The thicker ones, between 100 A to 150 A in 
diameter, are confined to the A band and are 
myosin myofilaments, about 1.5 microns 
long. The thinner myofilaments are between 
50 A and 80 A in diameter and attach at their 
middle to the Z line, from which they extend 
for about one micron in either longitudinal 
direction. Chemically, they are the actin 
myofilaments, and they form the I bands. 
Additionally, these thin actin filaments ex- 
tend from the | bands into the adjacent A 


'Victor Hensen (1835-1924): A German anatomist and 
physiologist (Kiel). 
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Fig. 6-91. Photomicrograph of longitudinally sectioned skeletal muscle fibers. Arrow points to a nucleus just beneath 
the sarcolemma of one of the muscle fibers. Note the cross striations. The wide, dark striations are the A bands: the 
light striations are the I bands. Each I band is bisected by a narrow dark Z line. 2000 x. (Modified from Copenhaver, 
Kelly, and Wood, Bailey’s Textbook of Histology, 17th Ed., Williams and Wilkins, 1978.) 


bands, interdigitating with the thicker myo- 
sin filaments in a regular manner (Fig. 6-93). 
Each thick myosin filament in the A band 
is surrounded by six thin actin filaments, 
spaced evenly and hexagonally around the 
myosin filament (Fig. 6-94). 

Ultrastructural studies have shown that 
the thin actin filaments of relaxed muscle 
fibers extend into the A bands from each 
side, but they do not meet at the center. The 
central part of the A band in relaxed muscle, 
into which the actin filaments do not invade, 
is the lighter H zone. When muscle fibers 
contract, the thin actin filaments slide fur- 
ther into the A band, meeting in the center or 
even sliding past each other, thereby reduc- 
ing the size of the H zone or eliminating it 
altogether (Fig. 6-95). Because the former H 


zone contains both types of filaments in a 
contracted fiber, it becomes as dense as the 
rest of the A band. The Z lines are simultane- 
ously pulled closer to the A bands, and 
therefore the I bands also become reduced 
in size. Although the length of the sarcomere 
is reduced, contraction involves not a reduc- 
tion in the size of either the actin or myosin 
protein components, but an attraction of 
these two elements for each other, so that 
their surface areas can achieve the maxi- 
mum contact for the formation of the acto- 
myosin complex. This process requires the 
energy supplied by the breakdown of ATP 
(adenosintriophosphate), found in the mito- 
chondria, to ADP (adenosindiphosphate). 
Other important ultrastructural features 
of skeletal muscle cells are beginning to elu- 
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Fic. 6-92. Electron micrograph of five longitudinally oriented myofibrils in relaxed skeletal muscle. Observe that the 
limit of a sarcomere is defined as a region of a myofibril between two Z lines. This includes an A band capped at each 
end by one-half of an I band. (From Bloom and Fawcett, A Textbook of Histology, 10th Ed., W. B. Saunders Co., 1975.) 





Fic. 6-93. Diagrammatic representation of the structure of striated muscle showing the overlapping arrays of the 


thinner, actin- and thicker myosin-containing filaments. Lower diagrams show cross-sectional patterns of the fila- 
ments through the A and H bands. (From H. E. Huxley, 1969. Science, 164: 1356. Copyright 1969 by the American 


Association for the Advancement of Science.) 
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Fic. 6-94. Electron micrograph of frog sartorius myofibrils showing A bands cut in cross section. Note that the thick 
myosin filaments within the myofibril are each surrounded by six thin actin filaments. 150,000 x. (Modified from H. E. 


Huxley, 1968.) 
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Fic. 6-95. This diagram shows the changcs that occur in a sarcomere with muscle contraction. During contraction 
(low part), the thin actin filaments slide toward the center of the A band. This diminishes the width of the I bands and 
the H band seen in relaxed muscle (upper part). (From Windle, Textbook of Histology, 4th Ed., McGraw-Hill, 1969. 
Used with permission of McGraw-Hill Book Company.) 
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cidate how the contraction of myofibrils is 
initiated by arriving nerve impulses to the 
surface membrane or sarcolemma of the 
muscle cell. Myofibrils are encased longitu- 
dinally by a parallel array of interconnected 
membranous tubules and cisternae that 
composes the sarcoplasmic reticulum (Figs. 
6-96; 6-97). Extending along both the A 
band and the I band, the sarcoplasmic retic- 
ulum fuses to form a cisterna at the H zone. 
Near both ends of the sarcomere at the Z 
lines, the tubules expand and coalesce to 
form terminal cisternae. Each terminal cis- 
terna interfaces another, located on the op- 
posite side of the Z line. At this site (in am- 
phibian muscle) or at the junction of the A 
band and I bands (in mammalian muscle), 
the terminal cisternae of the sarcoplasmic 
reticulum become associated with a trans- 
verse tubular system that courses along the Z 
line called the T system. The T tubule and 
the two terminal cisternae are collectively 
referred to as the triad (Figs. 6-96; 6-97). It 
has been shown that the T tubule, which 
passes all the way through the muscle fiber 
from one side of the sarcolemma to the 
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other, opens extracellularly. It is in contact 
with the exterior of the cell and contains 
extracellular fluid (Fig. 6-98). 

With the T tubules in continuity with the 
extracellular space and the sarcoplasmic re- 
ticulum intimately associated with the intra- 
cellular contractile components of the mus- 
cle fiber, a morphological system exists 
that can communicate surface events oc- 
curring on the sarcolemma to the contractile 
substructure in the interior of the myofibril. 
It has been proposed that the contractile 
wave of depolarization initiated at the myo- 
neural junction spreads not only along the 
skeletal muscle surface, but also through the 
T tubule system. In some manner, this exci- 
tation is transmitted across the common 
membranous wall shared by the T tubule 
and the terminal cisternae of the sarcoplas- 
mic reticulum, which contains calcium 
ions. The release of calcium within the sar- 
coplasmic reticulum probably _ initiates 


contraction, after which calcium becomes 
bound once again, perhaps by a relaxation 
factor, leading to relaxation of the myofi- 
brils. 


Fic. 6-96. This drawing depicts the relationship between the myofibrils (four are shown) of a muscle fiber, the 
associated sarcoplasmic reticulum (SR), and the T system (TS). The sarcoplasmic reticulum expands into terminal 
cisterns (SR’) at the I bands, and forms at the Z lines a triad (see three arrows) with the T tubule. (From Porter and 
Bonneville, Fine Structure of Cells and Tissues, 4th Ed., Lea & Febiger, 1973.) 
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Fic. 6-97. Electron micrograph of the sarcoplasmic reticulum and T tubules of a goldfish skeletal muscle myofibril 


(78,300 x). T: T tubules; Z: Z lines. Note the fenestrations (f) or pores in the sarcoplasmic reticulum at the H zone of 
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the sarcomere. (From Uehara, Campbell, and Burnstock, Muscle and Its Innervation, Edward Arnold Publishers, Ltd., 


1976.) 
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Fic. 6-98. Transverse section of a skeletal muscle fiber cutting across the Z line (Z) and showing the T tubules (T). The 
arrow indicates that the T tubule is in direct continuity with the external environment. Where the section cuts at the 
level of the | band, the terminal sacs of the sarcoplasmic reticulum (SR) can be seen. 38,500 x. (From Franzini- 


Armstrong and Porter, J. Cell Biol., 1964.) 
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The 


Heart 


The heart is the central organ of the blood 
circulatory system. By its rhythmic contrac- 
tion, this dynamic muscular structure pumps 
the blood through a system of arteries to all 
parts of the body. Blood flows in a continu- 
ous circulation, delivering oxygen and nutri- 
ents to all organs. including the heart itself. 
This is accomplished through an enormous 
ramification of the arteries into minute ves- 
sels called arterioles, which in turn form a 
network of capillaries that are microscopic 
in size and have very thin walls. Allowing an 
exchange of substances with the tissues, the 
capillaries collect as venules, which then 
drain into larger veins that progressively 
increase in diameter and eventually return 
blood to the heart. 

The human heart is a four-chambered 
organ consisting of two ventricles and two 
atria. The powerful pumping portions of the 
heart are the right and left ventricles, which 
are separated by the muscular interventricu- 
lar septum. The ventricles have thick walls 
and are made to function efficiently by being 
quickly and forcibly filled with blood by 
contraction of the right and left atria. As 
blood is returned to the heart through the 
superior and inferior venae cavae, it enters 
the right atrium and is then forced into the 
right ventricle. From here it is pumped 
through the pulmonary arteries and into the 
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capillaries of the lungs, where it is refreshed 
as carbon dioxide is removed and oxygen 
absorbed. Blood is returned by the pulmo- 
nary veins to the left atrium, which forces it 
into the left ventricle. The left ventricle pro- 
pels oxygenated blood through the aorta and 
systemic arteries to the capillaries, and then 
back to the heart again through the venous 
system. The right side of the heart, the pul- 
monary arteries, the capillary system in the 
lungs, and the pulmonary veins constitute 
the lesser or pulmonary circulation. The left 
side of the heart, the aorta, the ramifying ar- 
teries to all the organs (except the lungs), 
and the returning veins (except the pulmo- 
nary veins) constitute the systemic circula- 
tion (Fig. 7-1). 

Although the systemic circulation to and 
from most organs characteristically involves 
only one set of capillaries within the various 
tissues, an exception is found in the vessels 
of the abdominal organs. The blood supplied 
to the spleen, pancreas, stomach, and intes- 
tines by the systemic arteries collects into 
the large portal vein, which enters the liver 
and ramifies within it. As the blood passes 
through the capillary-like hepatic sinusoids, 
it exchanges nutrient materials with the 
liver cells, and is then collected into the he- 
patic veins (Fig. 7-1). These drain into the 
large inferior vena cava, which is transport- 
ing systemic venous blood, just before that 
vessel opens into the right atrium. This di- 
version of blood by the way of the por- 
tal vein from certain abdominal organs, 
through the liver and back into the inferior 
vena cava, constitutes the portal circulation. 

The field of study of the vascular system is 
called angiology. It includes the study of 
blood vessels as well as vessels constituting 
the lymphatic system. Although the lym- 
phatic system drains into the veins, making 
the two systems interdependent, there are 
sufficient differences morphologically and 
functionally to make their separate treat- 
ment advisable. For convenience of descrip- 
tion, the field of angiology will be treated 
under four headings: the heart, the arteries, 
the veins, and the lymphatic system. These 
constitute the next four chapters. 


Development of the Heart 


FORMATION OF THE HEART TUBE. ‘The first 
primordium of the vascular system can be 
recognized soon after the initial appearance 
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Fig. 7-1. 
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Schematic diagram of the blood vascular and lymphatic systems. (From Benninghoff and Goerttler, 


Lehrbuch der Anatomie des Menschen, 10th Ed., Vol 2, Urban & Schwarzenberg, 1975.) 


of the coelom or body cavity within 
the embryo. This occurs on about the 
nineteenth or twentieth prenatal day, at a 
time when the mesoderm has been formed 
by the primitive streak, but before it has 
been organized into the primitive segments 
or somites. This first coelom is a U-shaped 
cavity encircling the cephalic end of the 
neural folds (Fig. 7-2). It is the primordium of 
the pericardial cavity. Its outer layer, the so- 
matic mesoderm, will become the parietal 
pericardium; its inner layer, the splanchnic 
mesoderm, will develop into the myocar- 
dium and epicardium. Scattered cells of 






<— — Yolk sac 


—__. Pericardial coelom 
Forebrain 
——~Mesoderm (cut edge) 


Ectoderm (cut edge) 


--—- Amnion (cut edge) 


Fic. 7-2. Human embryo with first somite forming, 
1.5 mm in length. Dorsal view with amnion removed and 
ectoderm and mesoderm cut away to show pericardial 
cavity. (Redrawn from Davis, 1927.) 


mesodermal origin, called mesenchyme, mi- 
grate between the compact laminae of the 
splanchnic mesoderm and the entoderm. 
This mesenchyme proliferates rapidly and 
forms strands and sheets, whicn are the pri- 
mordium of the endocardium. 


The earliest stages of development of the 
human heart are imperfectly known because of 
the scarcity of available human embryos of this age. 
It is helpful, however, that the early development of 
the heart in lower mammalian embryos, such as the 
rat, is sufficiently similar to that seen in man to per- 
mit the use of timed specimens in these animals 
(Figs. 7-3 to 7-6) to elucidate the period between the 
human first somite stage (Fig. 7-2) and that of the 
human eight-somite stage (Fig. 7-7). It is convenient 
to use the number of somites as an index of the early 
Stages of development because they can be counted 
accurately and they retain a relatively stable growth 
relationship to the rest of the embryo. 


By the time the embryo has acquired its 
first three somites or primitive body seg- 
ments and before the neural folds have 
closed to form the neural tube, the endocar- 
dial mesenchyme has spread in a thin sheet 
across the midline in the cranial portion of 
the embryo (Fig. 7-3). It also extends down- 
ward on each side of the still shallow foregut 
invagination, and a lumen has begun to form 
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Fic. 7-3. Rat embryo with 3 somites. A, Ventral view with entoderm removed. Lumen of heart and vessels is incom- 
plete. B, Median sagittal section of same embryo. Drawings of wax reconstruction made at 400 x magnification. (From 


Goss, 1952.) 


in these lateral extensions. The splanchnic 
mesoderm becomes thickened where it is in 
contact with the endocardium and is thus 
identifiable as the primordium of the myo- 
cardium. The myocardial layer is also 
deeply grooved along the lateral endocardial 
tubes. Thus, the two lateral endocardial 
tubes with their partial cloak of myocardium 
constitute the primitive lateral hearts, where 
the first contractions occur. The site of the 
future atrioventricular junction is marked 
by a constriction of the lumen of the lateral 
tube slightly caudal to the level of the fore- 
gut portal. 

The median sheet of mesenchyme is 
quickly differentiated into endocardium 
by having the lumen extend into it from 
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the lateral tubes. At the same time. the 
sheet appears to pull in its outlying parts, 
resulting in a sac rather than a tube, which, 
with its adjacent myocardial mesoderm, 
constitutes the primitive ventricle. As the 
endocardial sac expands, it sinks deep into a 
pocket in the mesoderm. The pericardial 
cavity enlarges to accommodate this growth 
and in a four-somite embryo the entire car- 
diac complex bulges ventrally at the foregut 
portal (Fig. 7-4). 

Until this time the myocardium has 
been entirely dorsal to the endocardium. 
The rapid expansion of the pericardial 
cavity in a ventral direction allows the 
myocardium to protrude ventrally over 
the endocardial sac, until, in a five-somite 
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Fig. 7-4. Rat embryo with 4 somites. A, Ventral view with entoderm removed. Compare endocardium with that in 
Figure 7-3. B, Median sagittal section of same embryo. (From Goss, 1982.) 
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Fic. 7-5. Rat embryo with 5 somites. A, Ventral view with entoderm removed. Ventral part of pericardium cut away 
to show myocardium. Dotted line indicates extent of endocardium inside ventricle. B, Median sagittal section of same 
embryo. Compare with Figures 7-3 and 7-4. (From Goss, 1952.) 


embryo, the heart lies in a plane at right 
angles to the axis of the embryo with the 
arterial end more dorsally placed and 
the venous end more ventrally placed 
(Fig. 7-5), 

By a continued rapid growth, the ven- 
ricular myocardium extends over the entire 
ventral surface of the endocardium (Fig. 7-6). 
In a six-somite embryo, it encloses the endo- 
cardium except for a narrow interval along 
the midline dorsally. This change allows the 
heart to assume a more tubular shape with 
cranial and caudal extremities. The opening 
of the aortic sac is always dorsal rather than 
cranial to the heart and the whole tube main- 
tains a curvature with ventral convexity. 
The result is the marked ventral protrusion 
of the cardiac complex which is characteris- 
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tic of early mammalian embryos. When the 
embryo has acquired seven somites, the 
myocardium completely surrounds the en- 
docardium. The middle portion of the tubu- 
lar ventricle becomes free and only the ends 
are attached: the arterial end by its continu- 
ity with the aortic sac and first aortic arches, 
and the venous end by the atria and vitelline 
veins (Figs. 7-7; 7-9,A and B). 

DEVELOPMENT OF THE CARDIAC Loop. The 
length of the tubular heart increases much 
more rapidly than the longitudinal extent of 
the pericardium. The heart tube therefore 
continues to bend, this time in a loop with 
convexity to the right, called the bulbo- 
ventricular loop (Figs. 7-7; 7-9,C). The re- 
sulting groove on the left side is called the 
bulboventricular sulcus and establishes a 
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Fic. 7-6. Rat embryo with 6 somites. A, Ventral view with entoderm removed. Ventral part of pericardium and 
myocardium also removed to show endocardium. B, Median sagittal section of same embryo. (From Goss, 1952.) 
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subdivision of the tube into the bulbus 
cordis (or conus) and the primitive ventricle 
(Figs. 7-8; 7-9,D). The ventricular portion in- 
creases rapidly in all diameters, protruding 
ventrally and causing another bend at the 
atrioventricular junction. The opening of the 
atrium narrows to form the atrioventricular 
canal, which enters the ventricle dorsally 
and from the left. The pericardial cavity 
expands over the two lateral portions of the 
atrium, which are then brought closer to- 
gether, and a constriction is formed between 
the veins and the atrium (Fig. 7-8). 

The proximal portions of the veins be- 
come part of a common chamber and are 
called the right and left horns of the sinus 
venosus. The umbilical and common cardi- 
nal veins (from the embryo proper) have 
joined the vitelline veins on each side just 
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before they enter the sinus horns (Fig. 7-9,D). 
The continued bending of the bulboventric- 
ular loop eventually folds the bulbus cordis 
against the atrium on the dorsal and cranial 
aspect of the heart (Fig. 7-10). The bulbus 
cordis, which later becomes the conus arteri- 
osus and truncus arteriosus, has remained a 
relatively narrow tube, and as it presses 
against the median region of the atrium, the 
lateral portions bulge out on each side. The 
resulting two expansions of the atrium are 
the primitive right and left atria (Fig. 7-10). 
They represent the first division of the heart 
into its permanent right and left sides. 

The tissue between the pericardial cavity 
and the foregut portal becomes thickened 
into a mass called the septum transversum 
(Figs. 7-8; 7-10). As the liver cords grow into 
the septum there is a reorganization of the 
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Fic. 7-7. Human embryo with 8 somites, 2 mm in length. Ventral view of plaster model of heart and pericardial region. 
Pericardial wall and myocardium removed to expose endocardium. (Redrawn from Davis, 1927.) 
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Human embryo with 11 to 12 somites, 3.09mm in length. Ventral view of plaster model of heart and 


ericardial region. Pericardial wall and myocardium removed to ex ose endocardium. (Redrawn from Davis. 1927. 
I 


Arterial end of heart 
1st aortic arch artery 


1st branchial arch 
mesoderm 


Splanchnic mesoderm 


Fusing heart tubes 


Unfused heart tubes 
Septum transversum 


Venous end of heart 


1st aortic arch artery 


Bulbus cordis 


Ventricle 


Atrium 


Truncus arteriosus 
Bulbus cordis 
Ventricle 


Atrium 


Sinus venosus 


Septum transversum 









24 
+1 day 


Ist & Aortic arch 
2na arteries 


he = Truncus arteriosus 


Bulbus cordis 
Ventricle 


Atrium 


Sinus venosus 


Common cardinal vein 


Umbilical vein 
Reid Vitelline vein 


Fic. 7-9. Four sketches of the ventral view of the devel- 
oping heart during the fourth week, showing fusion of 
the heart tubes and bending of the single heart tube. 
(From Moore, K. L., The Developing Human, 2nd Ed., 
W. B. Saunders Co., 1971.) 
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veins. The right vein gradually takes over 
the drainage of blood from the vitelline, 
umbilical, and posterior cardinal circula- 
tions of both sides and is thus the precursor 
of the inferior vena cava. The resultant en- 
largement of the right horn of the sinus ve- 
nosus shifts the sinoatrial opening to the 
right. The right anterior cardinal vein also 
becomes dominant and shifts the opening 
somewhat cranialward. 

PARTITIONING OF THE ATRIA. In the narrow 
part of the atrium between the two expan- 
sions to the right and left of the conus arteri- 
osus, a thin crescent-shaped fold of tissue 
grows from the dorsocranial wall of the 
atrium toward the atrioventricular opening. 
This is known as septum I or the septum 
primum (Figs. 7-11,A and B; 7-12). As the sep- 
tum primum progresses toward the ventri- 
cles, two mesenchyme covered endocardial 
swellings appear in the wall of the atrioven- 
tricular canal. These endocardial cushions 
(Fig. 7-11,C and D: AV canal cushions) soon 
join across the opening, making a division 
into a right and left atrioventricular opening. 
The narrowing open space between the ad- 
vancing septum primum and the endocar- 
dial cushions is the ostium I or ostium 
primum (Fig. 7-11,B and C). Before the sep- 
tum primum completely closes the opening 
between the two atria, which would shut off 
all flow of blood between them, the sub- 
stance of the septum primum, near its at- 
tachment to the cranial part of the atrial 
wall, becomes perforated and forms ostium 
II or the ostium secundum (Fig. 7-11,C 
and D). 

In the right atrium, a new partition now 
grows down from the cranial and ventral 
part of the atrial wall on the right side of 
septum primum, thus covering the new open- 
ing in the first septum. This second crescen- 
tic membrane is called the septum II or sep- 
tum secundum (Figs. 7-11,D to F; 7-13 to 
7-15). Its growth ceases before it is complete, 
leaving an opening called the foramen ovale 
(Fig. 7-11,E and F). Its crescentic border per- 
sists as the limbus fossae ovalis, which can 
still be seen in the adult right atrium. After 
septum primum has joined with the endo- 
cardial cushions, its remaining part becomes 
thinner and persists as a flap over the fora- 
men ovale below the crescentic edge of sep- 
tum secundum. At this stage it acts as the 
valve of the foramen ovale (Fig. 7-11,F). 
After birth, when the foramen ovale is no 
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Fic. 7-10. Human embryo with 20 somites, 3.01 mm in length. Dorsal view of plaster model of heart. (Redrawn from 


Davis, 1927.) 


longer functional, this flap becomes adher- 
ent to the limbus and seals the opening. Dur- 
ing this development the pulmonary veins 
evaginate from the dorsal wall of the left 
atrium, but they are of insignificant size be- 
cause the lungs are still not functioning as 
aerating organs. The left heart, therefore, 
receives the bulk of its blood through the 
foramen ovale rather than from these veins. 

CHANGES IN THE SINUS VENOSUS. While 
the interatrial septa are forming, the slit-like 
opening of the sinus venosus into the right 
atrium is guarded by two valves, the right 
and left venous valves (Figs. 7-12 to 7-15). 
Above the opening, the two venous valves 
unite as a single fold, the septum spurium, 
which is a prominent feature at this stage, 
but is of no significance for the eventual par- 
titioning of the heart (Figs. 7-11; 7-13 to 7-15). 

As the right atrium increases in size it ab- 
sorbs the sinus venosus into its walls (Fig. 
7-16,C and D). The upper part of the sinus 
then becomes the opening for the superior 
vena cava. The inferior part becomes di- 
vided by the further growth of the right ve- 
nous valve into two openings, the inferior 
vena Cava and the coronary sinus (Fig. 7-16). 
The left venous valve disappears except for 
the lower part, which is absorbed into the 
septum secundum. The upper part of the 
right venous valve and the septum spurium 
almost disappear, but are retained in the 
adult heart as the crista terminalis (Prse7et, 
E and F). The lower part of the right valve 
persists and is divided into two parts by the 
growth of a transverse fold, the sinus sep- 
tum (Fig. 7-15). These become the valve of 


the inferior vena cava and the valve of the 
coronary sinus. Of the horns of the sinus 
venosus, the right becomes much more 
prominent because it furnishes the inferior 
and superior venae cavae. The left horn re- 
mains small, receiving only the left common 
cardinal vein. The left anterior cardinal 
dwindles into the oblique vein (Fig. 7-16,F) 
and the vestigial fold of Marshall.! The left 
common Cardinal also loses its connection 
with the body wall and becomes the coro- 
nary sinus, draining blood only from the 
substance of the heart (Fig. 7-16). 

DIVISION OF THE VENTRICLES AND PARTITION- 
ING OF THE TRUNCUS ARTERIOSUS. The primi- 
tive ventricle becomes divided by the 
growth of the interventricular septum (Fig. 
7-11,A to D). This muscular ridge develops 
from the most prominent part of the ventric- 
ular wall, and its position on the surface of 
the heart is indicated by a furrow. The dor- 
sal part of the septum grows more rapidly 
than the ventral and fuses with the dorsal 
part of the fused endocardial cushions. The 
opening between the two ventricles remains 
for some time, but at about the end of the 
seventh week, it ultimately is closed by the 
fusion of the membranous part of the inter- 
ventricular septum, derived from the right 
side of the united endocardial cushions, and 
the bulbar ridges, which appear in the bul- 
bus cordis prior to the partitioning of the 
truncus arteriosus (Figs. 7-11,D to F; 7-17). 


‘John Marshall (1818-1891): An English anatomist and 
surgeon (London). 
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Fic. 7-11. Frontal sections of human embryonic heart giving a sequential picture of its progressive partitioning at six 
different stages of development. Stippled areas indicate endocardial cushion tissue, and the diagonal hatching is the 


myocardium. In F, the asterisk identifies the membranous part of the interventricular septum. (From Patten, B. M., 
Human Embryology, 3rd Ed. McGraw-Hill, 1968.) 
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Fic. 7-12. Model of heart of 6.5-mm human embryo, interior of lower half seen from above. (From Tandler, 1912.) 
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Fic. 7-13. Model of heart of 9-mm human embryo, ventral view of interior of atria. (From Tandler, 1912.) 


Closely related to the separation of the 
ventricles and the closure of the interven- 
tricular foramen is the partitioning of the 
truncus arteriosus into the pulmonary artery 
and aorta. The conus arteriosus (bulbus 
cordis) was at first separated from the ventri- 
cle by a deep fold, the bulboventricular sul- 
cus. This fold gradually recedes, until the 
conus and ventricle open freely into each 
-other. This has the effect of allowing the 
truncus aortae to open directly into the ven- 
tricle, and it comes to lie in line with the 
path of the growing interventricular septum. 
The portion of the ventricular wall that had 
been the conus remains to the right of the 
interventricular septum and becomes a part 
of the adult right ventricle. 

The truncus arteriosus or primitive as- 
cending aorta has at this time developed 
both its fourth and its sixth, or pulmonary, 
pairs of arches. The partitioning of the 


truncus into the aorta and pulmonary trunk 
begins by the growth of two thickenings, 
called truncal ridges, on the interior of the 
truncus arteriosus at its more cephalic end 
in the region of the fourth pair of arches. The 
growth of these ridges toward the bulbus 
cordis (or conus arteriosus), where they have 
been called bulbar ridges, is such that they 
follow a spiral course (Fig. 7-18). As it ex- 
tends away from the heart, the right ridge 
passes ventrally and then to the left, while 
the ridge on the left side of the truncus 
below passes dorsally and to the right as it 
extends farther from the heart. Their growth 
inward toward the lumen of the truncus fi- 
nally results in their fusion, thereby forming 
a spirally oriented aorticopulmonary sep- 
tum (Fig. 7-18). The truncus arteriosus then 
becomes divided into the pulmonary trunk 
and the aorta, but because the aorticopul- 
monary septum takes the form of a spiral, 
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Fic. 7-14. [nterior of the right atrium in the heart of a 25-mm human embryo. (From Licata, 1954.) 
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Fic. 7-15. Interior of the right atrium in the same heart as Figure 7-14 with the right venous valve removed. (From 


Licata, 1954.) 


the two vessels become twisted around each 
other. Adjacent to the heart, the pulmonary 
trunk comes to lie anterior and to the right of 
the aorta, while more distally the pulmonary 
trunk lies to the left and behind the aorta 
(Fig. 7-18). The right ventricle becomes con- 
nected with the pulmonary arches that go to 
the lungs, while the left ventricle becomes 
connected with the fourth arch which forms 
the aorta. 

While the aorticopulmonary septum is 
partitioning the truncus arteriosus, three 
small local swellings of endocardial tissue 
develop in both the aorta and pulmonary 
trunk at the level of transition between the 
truncus arteriosus and its ventricular exten- 
sion, the conus arteriosus. These special 
swellings become the semilunar valves. Two 
of the valve cusps in each vessel are formed 
from tissue of the ridges that partition the 
truncus, and they retain this association of 
position throughout the subsequent rotation 
and twisting of the vessels (Fig. 7-19,A and 
B). The third cusp in each vessel is located 
opposite the points of fusion of the aortico- 
pulmonary septum and develops independ- 
ently from dorsal and ventral intercalated 
swellings (Fig. 7-19,C to E). 


BEGINNING OF CONTRACTION. The first con- 
tractions of the heart have not been ob- 
served in human embryos, but it can be as- 
sumed that they follow the same sequence as 
in other mammals. In a rat embryo with 
three somites (Fig. 7-3), two lateral heart 
tubes are recognizable. On the ventricular 
side of a slight constriction that marks the 
future atrioventricular junction, a small 
group of cells in the splanchnic mesoderm 
begins contracting with a regular rhythm. In 
a rat embryo, the left lateral heart initiates 
the contraction at a rate of 20 to 30 per min- 
ute. A few hours later, the right heart com- 
mences with a slower rate and a regular 
rhythm independent of the left side. As the 
contraction involves the median portion of 
the ventricle, the rate increases gradually, 
the left side acting as pacemaker. By the time 
the rate has reached 90 per minute, a small 
part of the atrium adjacent to the atrioven- 
tricular junction has begun contraction and 
acts as the pacemaker, but with a distinct 
interval between the atrial and ventricular 
contraction (Goss, 1940, 1942). It is reasona- 
ble to conclude from these studies on subhu- 
man mammals that the developing human 
heart begins contracting at the end of the 
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Fic. 7-16. Six stages in the development of the heart seen from the dorsal aspect and showing the changing relations 


of the sinus venosus and the great veins entering the heart. A, 2, weeks, 8 to 10 somites; B, 


3", weeks, 17 to 19 somites; D, 5 weeks, 6 to 8 mm; E, 8 weeks, about 25 mm: F, 11 weeks, 
B. M., Human Embryology, McGraw-Hill, 1968.) 
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Fic. 7-17. Schematic drawings showing the way in which the truncobulbar ridges, combined with the proliferation 
of the posterior atrioventricular cushion, close the interventricular foramen and form the membranous portion of the 
interventricular septum. A, 6 weeks, 12 mm; B, beginning of 7th week, 14.5 mm; C, end of 7th week, 20 mm. (From 
Langman, J., Medical Embryology, 3rd Ed. Williams and Wilkins, 1975.) 
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Fic. 7-18. A, Diagram to show the spiral shape of the aorticopulmonary septum. B, Position of aorta and pulmonary 
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Fig. 7-19. Schematic diagrams of the partitioning of the truncus arteriosus and the origin of the aortic and pulmonary 


semilunar valves. (From Kramer, 1942.) 


third prenatal week or the beginning of the 
fourth week, ie., on the twenty-first or 
twenty-second day. 

BEGINNING OF CIRCULATION. The primitive 
heart, as it enlarges and differentiates, con- 
tinues to contract after the three-somite 
stage, but in embryonic rats it is ineffective 
for circulation until the embryo has eight or 
nine somites (Fig. 7-7). By that time the 
atrium is well established, the ventricle is an 
effective muscular pump, the cells in the 
blood islands of the yolk sac have acquired 
hemoglobin, and a continuous lumen has 
been established through the aortae, the 
umbilical and omphalomesenteric arteries, 
the yolk sac, and the placental capillaries, 
and back through the corresponding veins to 
the heart (Goss, 1942). 

The development of the arteries and veins 
is described at the beginning of the corre- 
sponding chapters. 


Peculiarities in the Vascular 
System of the Fetus 


FETAL HEART. The chief peculiarities of the 
fetal heart are the direct communication be- 
tween the atria and the foramen ovale, and 
the large size of the valve of the inferior 
vena cava. Among other peculiarities the 
following may be noted: (1) In early fetal life 


the heart lies immediately below the man- 
dibular arch and is relatively large in size. 
As development proceeds, it is gradually 
drawn within the thorax, but at first it lies in 
the midline; toward the end of pregnancy it 
gradually becomes oriented obliquely to- 
ward the left. (2) For a time the atrial portion 
exceeds the ventricular in size, and the walls 
of the ventricles are of equal thickness; to- 
ward the end of fetal life the ventricular por- 
tion becomes the larger and the wall of the 
left ventricle exceeds that of the right in 
thickness. (3) The size of the fetal heart is 
large in relation to the size of the rest of the 
body, the proportion at the second fetal 
month being 1 to 50, and at birth, 1 to 120, 
while in the adult the average is about 1 
to 160. 

The foramen ovale, situated at the lower 
part of the atrial septum, forms a free com- 
munication between the atria until the end 
of fetal life. A septum (septum secundum) 
grows down from the upper wall of the 
atrium to the right of septum primum, in 
which the foramen ovale is situated. Shortly 
after birth, the two septa fuse, and the fora- 
men ovale is obliterated. 

The valve of the inferior vena cava serves 
to direct the blood from that vessel through 
the foramen ovale into the left atrium. 

FETAL ARTERIAL System. The principal 
peculiarities of the arterial system of the 
fetus are the communication between the 
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pulmonary artery and the aorta by means of 
the ductus arteriosus, and the continuation 
of the internal iliac arteries as the umbilical 
arteries to the placenta. 

The ductus arteriosus is a short tube, 
about 1.25 cm in length at birth, and 4.4mm 
in diameter. In the early condition it forms 
the continuation of the pulmonary artery 
and opens into the aorta just beyond the ori- 
gin of the left subclavian artery (Fig. 7-20). 
Most of the blood that leaves the right ven- 
tricle is conducted by way of the ductus ar- 
teriosus into the aorta. When the branches of 
the pulmonary artery become larger than the 
ductus arteriosus, the latter is chiefly con- 
nected to the left pulmonary artery. 

The internal iliac arteries course along the 
sides of the bladder and then turn upward 
on the inner aspect of the anterior abdomi- 
nal wall toreach the umbilicus. At the umbili- 
cus they pass out of the abdomen and are 
continued as the umbilical arteries in the 
umbilical cord to the placenta (Fig. 7-20). 
They convey blood from the fetal arterial 
system to the placenta. 

FETAL VENOUS SYSTEM. The peculiarities 
in the venous system of the fetus are the 
communications established between the 
placenta and the liver and portal vein, 
through the umbilical vein, and between the 
umbilical vein and the inferior vena cava 
through the ductus venosus Fig. 7-20). 


FETAL CIRCULATION 


wv 


In early fetuses blood is returned from the 
placenta to the umbilical orifice by a single 
umbilical vein, which then divides into right 
and left umbilical veins. The right umbilical 
vein becomes atrophic early and then com- 
pletely disappears, leaving the left umbilical 
vein, which remains functional until birth 
(Fig. 7-20). This vein enters the abdomen at 
the umbilicus and passes upward along the 
free margin of the falciform ligament of the 
liver to the caudal surface of that organ, 
where it gives off several branches, a large 
one to the left lobe and others to the 
quadrate lobe and caudate lobe. At the porta 
hepatis it divides into two branches, of 
which the larger is joined by the portal vein 
and enters the right lobe of the liver and the 
smaller is continued cranially as the ductus 
venosus to join the inferior vena cava (Fig. 
7-20). The blood that traverses the umbilical 
vein, therefore, passes to the inferior vena 
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cava in three different ways: (1) a considera- 
ble quantity circulates through the liver with 
the portal venous blood before entering the 
inferior vena cava by the hepatic veins: 
(2) some blood enters the liver directly, and 
is carried to the inferior vena cava by the 
hepatic veins; and (3) the remainder passes 
directly into the inferior vena cava through 
the ductus venosus. 

In the inferior vena cava, the blood car- 
ried by the ductus venosus and hepatic 
veins becomes mixed with that returning 
from the lower extremities and abdominal 
wall. Entering the right atrium, and guided 
by the valve of the inferior vena cava, it 
passes through the foramen ovale into the 
left atrium, where it mixes with a small 
quantity of blood returned from the lungs by 
the pulmonary veins. From the left atrium it 
passes into the left ventricle and then into 
the aorta, through which it is distributed 
almost entirely to the heart, head, and upper 
extremities; a small quantity is probably 
also carried into the descending aorta. From 
the head and upper limbs the blood is re- 
turned by the superior vena cava to the right 
atrium, where it mixes with a small portion 
of the blood from the inferior vena cava. 
From the right atrium it passes into the right 
ventricle, and thence into the pulmonary 
artery. Because the lungs of the fetus are 
inactive, only a small quantity of the blood 
in the pulmonary artery is distributed to 
them by the right and left pulmonary ar- 
teries. The blood that does go to the lungs is 
returned by the pulmonary veins to the left 
atrium. By far the larger quantity of blood in 
the pulmonary artery passes through the 
ductus arteriosus into the aorta, where it 
mixes with a small quantity of the blood 
transmitted by the left ventricle into the 
aorta. By means of this vessel, it is in part 
distributed to the lower limbs and the vis- 
cera of the abdomen and pelvis, but the 
greater amount is conveyed by the umbilical 
arteries to the placenta (Fig. 7-20). 

From the preceding account of the circula- 
tion of the blood in the fetus, which has been 
based on solid research evidence, the fol- 
lowing facts can be documented: (1) The pla- 
centa serves the purposes of nutrition and 
excretion, receiving impure blood that is 
low in oxygen from the fetus and returning 
it oxygenated and charged with additional 
nutritive material. (2) About half of the 
blood of the umbilical vein traverses the 
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liver before entering the inferior vena Cava: 
this accounts for the large size of the liver, 
especially at an early period of fetal life. The 
remainder of the blood in the umbilical vein 
bypasses the liver and enters the inferior 
vena cava through the ductus venosus. 
(3) The right atrium receives blood from two 
sources, the inferior vena cava and the supe- 
rior vena cava. At an early period of fetal 
life, it is quite probable that these two 
streams remain nearly distinct. Most of the 
blood flowing in the inferior vena cava is 
guided by the valve of this vessel directly 
through the foramen ovale and into the left 
atrium, but asmall amount does seem to mix 
with blood returning to the right atrium 
from the head and upper limbs by way of the 
superior vena cava. It is from these latter 
sources that blood enters the right ventricle 
and exits from the pulmonary artery. Be- 
cause the pressure in the right atrium ex- 
ceeds that in the left atrium (which receives 
only a small amount of blood from the lungs 
by means of the pulmonary veins), the valve 
of the foramen ovale (septum primum) 
opens to the left, allowing blood from the 
inferior vena cava to flow from the right 
atrium to the left atrium. (4) The highly 
oxygenated (about 80% 0, saturated) blood 
carried from the placenta to the fetus by the 
umbilical vein, mixed with the blood from 
the portal vein and inferior vena cava, 
passes almost directly to the arch of the 
aorta, and is distributed by the branches of 
that vessel to the head for the developing 
brain and to the upper limbs. (5) The blood 
contained in the descending aorta, derived 
chiefly from that which has already circu- 
lated through the head and upper limbs, to- 
gether with a small quantity from the left 
ventricle, is distributed to the abdomen and 
lower limbs. 


CHANGES IN THE 
VASCULAR SYSTEM 
AT BIRTH 


When breathing commences in the new- 
born child, an increased amount of blood 
from the pulmonary artery passes through 
the lungs, and the placental circulation is 
eliminated by ligation of the umbilical cord. 
The foramen ovale gradually decreases in 
size during the first month, but a small open- 
ing frequently persists until the latter part of 
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THE PERICARDIUM 


the first year. The valve of the foramen ovale 
adheres to the margin of the foramen for 
the greater part of its circumference, and 
thereby the septum primum begins to fuse 
with septum secundum. A slit-like opening, 
however, may persist between the two atria. 
Unless this opening is large, it is of no func- 
tional significance. 

The ductus arteriosus begins to contract 
immediately after respiration is established, 
and its lumen gradually becomes obliter- 
ated. It ultimately becomes an impervious 
cord, the ligamentum arteriosum, which 
connects the left pulmonary artery to the 
arch of the aorta (Figs. 7-21; 7-26). 

The portions of the internal iliac arteries 
that extend from the sides of the bladder to 
the umbilicus become obliterated between 
the second and fifth days after birth, and 
persist as fibrous cords covered with perito- 
neum, the medial umbilical ligaments. These 
form ridges on the inner surface of the ante- 
rior abdominal wall. 

The umbilical vein and ductus venosus no 
longer receive blood after the umbilical cord 
has been severed. The umbilical vein be- 
comes the ligamentum teres, while the duc- 
tus venosus becomes the ligamentum veno- 
sus of the liver. The hepatic half of the 
ductus venosus may remain open, receive 
tributaries from the liver, and thus function 
as a hepatic vein in the adult. 


The Pericardium 


Except for its continuity with the roots of 
the great vessels, the heart is unattached to 
other organs in the thoracic cavity. It is 
maintained in its proper position by these 
vessels and by an enclosing fibroserous sac, 
the pericardium, which allows the living 
heart an appropriate freedom of movement 
required for its contraction cycles (Figs. 7-21; 
7-24). The pericardium consists of two quite 
different components, the membranous se- 
rous pericardium and the thicker fibrous 
pericardium. 

SEROUS PERICARDIUM. ‘The serous periCar- 
dium is composed of a single layer of meso- 
thelial cells. It lines the inner surface 
of the fibrous pericardium and is continuous 
at the roots of the great vessels with the epi- 
cardium that forms the outermost layer of 
the heart wall itself. Its characteristics are 
such that it provides the interfacing pericar- 
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dial sac and heart with smooth and glisten- 
ing surfaces that are completely free and 
movable. The serous layer of the heart itself 
may be considered the visceral pericardium. 
It covers the atria and ventricles and extends 
beyond them along the great vessels for 2 or 
3cm (Fig. 7-21). The serous layer lining the 
fibrous sac may be considered the parietal 
pericardium. Along the roots of the great 
vessels this continuous serous membrane 
folds upon itself, and the point at which the 
visceral layer becomes the parietal layer is 
called the reflection of the pericardium. 
PERICARDIAL Cavity. Under normal condi- 
tions the two serous membranes are closely 
apposed, being separated only by enough 
serous or watery fluid to moisten their sur- 
faces. This allows the heart to move easily 
during its contraction in systole and its re- 


laxation in diastole. Because the two sur- 
faces are not fused, there is a potential space 
between them called the pericardial cavity, 
not unlike the pleural cavity. After injury or 
due to disease, fluid may exude into the cav- 
ity, causing a wide separation between the 
epicardium and the fibroserous pericardium. 

The extension of the epicardium on the 
great vessels is in the form of two tubular 
prolongations. One encloses the aorta and 
pulmonary trunk and is called the arterial 
mesocardium. The other encloses the supe- 
rior and inferior venae cavae and the four 
pulmonary veins and is called the venous 
mesocardium. The reflection of the venous 
mesocardium forms a U-shaped cul-de-sac 
in the dorsal wall of the pericardial cavity 
called the oblique pericardial sinus (Fig. 7- 
21). Between the arterial mesocardium and 


the venous mesocardium is a serous-lined 
passage named the transverse pericardial 
sinus (Fig. 7-21). 

FIBROUS PERICARDIUM. The fibrous peri- 
cardium forms a cone-shaped sac, the neck 
of which is closed by its attachment to the 
great vessels just beyond the reflection of the 
serous pericardium (Fig. 7-21). It is a tough, 
dense membrane, much thicker than the pa- 
rietal pleura. Its outer surface is adherent in 
varying degrees to all the structures sur- 
rounding it. It is attached anteriorly to the 
manubrium of the sternum by a fibrous con- 
densation, the superior pericardiosternal 
ligament, and to the xiphoid process by 
the inferior pericardiosternal ligament. The 
fibrous tissue intervening posteriorly be- 
tween the pericardial sac and the vertebral 
column is the pericardiovertebral ligament. 
The sac is securely attached inferiorly to the 
central tendon and muscular part of the left 
side of the dome of the diaphragm. A thick- 
ening of this fibrous attachment in the region 
of the inferior vena cava has been called the 
pericardiophrenic ligament. 

LIGAMENT OF THE LEFT VENA CAVA. This 
small fibrous strand is covered by a trian- 
gular fold of serous pericardium, and it 
stretches from the left pulmonary artery to 
the atrial wall or the subjacent pulmonary 
vein. It is formed by the remnant of the left 
common cardinal vein (or left duct of 
Cuvier) which becomes obliterated during 
fetal life. If well developed, it may remain as 
a fibrous band stretching from the highest 
left intercostal vein to a small vein draining 
into the coronary sinus, the oblique vein of 
the left atrium (vein of Marshall). 

RELATIONS OF THE PERICARDIAL SURFACES. 
Laterally, the surfaces of the pericardial sac 
are apposed to the mediastinal parietal 
pleura. The pericardium and the mediastinal 
pleura are adherent but not fused, and 
the phrenic nerve with its accompanying 
blood vessels is held between them as it de- 
scends in the thorax. Because of the rounded 
contour of the heart, the pleural cavity 
partly encircles the pericardial sac, extend- 
ing anteriorly between it and the chest wall 
except for a small triangular area on the left 
side (Figs. 3-14; 3-17). This area corresponds 
to the caudal portion of the body of the ster- 
num and the medial ends of the left fourth 
and fifth costal cartilages. As mentioned 
above, in percussion of the chest for physi- 
cal diagnosis, the triangle is called the area 
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of superficial cardiac dullness because no 
lung is present to give it resonance. This site 
is also important clinically as the area 
through which a needle can be introduced 
into the pericardial cavity for removal of 
excess fluid, without traversing the pleural 
cavity or lungs. More superiorly, the anterior 
surface may be in contact with the thymus in 
children. Posteriorly, the pericardial sac is in 
relation to the bronchi, esophagus, and de- 
scending thoracic aorta. Inferiorly, the peri- 
cardium is attached to the dome of the dia- 
phragm. 


General Features 
of the Heart 


The heart is a hollow muscular organ 
shaped like a blunt cone and comparable in 
size to ahuman fist. It rests on the diaphragm 
between the lower part of the two lungs (Figs. 
7-22; 7-23). It is enclosed in a fibroserous sac, 
the pericardium, and occupies a topographi- 
cal compartment of the thorax called the 
middle mediastinum (Fig. 7-24). Its position 
relative to the chest wall is described in 
Chapter 3 and shown diagrammatically in 
Figure 7-22, and the position and extent of 
the cardiac shadow in a roentgenogram are 
shown in Figure 7-23. The heart is partially 
covered anteriorly by the mediastinal bor- 
ders of the lungs, although a triangular re- 
gion, which can be outlined by percussion, is 
not covered with lung tissue and is called the 
area of superficial cardiac dullness. The 
heart lies deep to the sternum and adjoining 
parts of the third to sixth costal cartilages. Its 
apex is directed downward, anteriorly, and 
to the left. Projecting farther into the left half 
of the thorax than the right, two-thirds of the 
heart lies to the left and one-third lies to the 
right of the median plane (Fig. 7-24). 

size. The average adult heart measures 
about 12 cm in length, 8 to 9 cm transversely 
at the broadest part, and 6 cm anteroposteri- 
orly in thickness. Its weight, in the male, var- 
ies from 280 to 340 grams; in the female, from 
230 to 280 grams. The heart frequently con- 
tinues to increase in weight and size until an 
advanced period of life. This increase is 
more marked in men than in women, and in 
many instances is pathological. 

HEART WALL. The wall of the heart is com- 
posed of three layers: the outermost is the 
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epicardium, deep to this is the myocardium, 
and the innermost is the endocardium. 
The surface layer, or epicardium, is a se- 
rous membrane that is continuous with the 
inner lining of the fibrous pericardium and 
reflects over the heart wall at the roots of the 
great vessels, and can, therefore, be consid- 
ered the visceral pericardium. [t consists of a 
single sheet of squamous mesothelial cells 
resting on a lamina propria of delicate con- 
nective tissue. Between the epicardium and 
the myocardium is a layer of heavier fibro- 
elastic connective tissue, which is inter- 
spersed with fatty tissue that fills in the crev- 
ices and sulci to give the heart a smooth, 
rounded contour. The larger blood vessels 
and the nerves are also found in this conncc- 
tive tissue. The dark reddish color of the 
myocardium is visible through the epicar- 


dium except where fat has accumulated. 
The amount of fat varies greatly, but is sel- 
dom absent except in emaciated individuals. 
It may almost completely obscure the myo- 
cardium in the very obese. 

The myocardium is composed of layers 
and bundles of cardiac muscle with a mini- 
mum of other tissue except for the blood 
vessels. Its detailed structure is described in 
a later section. 

The endocardium is the inner lining of the 
heart. Its surface layer is composed of squa- 
mous endothelial cells, and it is continuous 
with the endothelial lining of the contiguous 
blood vessels. The connective tissue be- 
tween this endothelial lining and the myo- 
cardium is quite thin and transparent over 
the muscular walls of the ventricles, but is 
thickened in the atria and at the attachments 
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Anterior view of the thorax of an adult 
showing the contours of the heart and great vessels. 1, 
Arch of aorta. 2, Left atrium. 3, Left ventricle. 4, Apex. 5, 
Diaphragm. 6, Vascular shadow in lung. (Courtesy of Dr. 
James Collins, Department of Radiology, UCLA School 
of Medicine, Los Angeles.) 


of the valves. It contains small blood vessels, 
parts of the specialized conduction system, 
and a few bundles of smooth muscle. 


External Features 
of the Heart 


The heart consists of four chambers: two 
large ventricles with thick muscular walls 
making up the bulk of the organ, and two 
smaller atria with thin muscular walls. The 
atria are directed toward the base of the 
heart, while the ventricles are oriented to- 
ward the apex. The septum that separates 
the ventricles also extends between the 
atria, subdividing the whole heart into what 
frequently are called left and right halves or 
sides of the heart. As they lie in the body, 
however, the right side is mostly ventral or 
anterior and the left side largely dorsal or 
posterior. 

SURFACE SuLCc!. The atria are separated 
from the ventricles on the surface of the 
heart by the coronary sulcus (Figs. 7-25; 7-26). 
This groove encircles the heart and is occu- 
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pied by the coronary vessels that supply the 
heart. The sulcus is deficient anteriorly be- 
cause the root of the pulmonary trunk arises 
from the right ventricle at this site. The in- 
teratrial groove, which separates the two 
atria, is scarcely marked on the posterior 
surface, while anteriorly it is hidden by the 
pulmonary trunk and the aorta. The line of 
separation between the two ventricles is 
marked by the anterior interventricular sul- 
cus on the sternocostal surface and by the 
posterior interventricular sulcus on the dia- 
phragmatic surface. Within these two sulci 
course the anterior and posterior interven- 
tricular branches of the coronary arteries 
and their accompanying veins (Figs. 7-25; 
7-26). The two grooves become continuous 
just to the right of the apex at a notch termed 
the apical incisure of the heart. 

THE APEX. The apex of the heart points 
forward, to the left, and downward. AIl- 
though its position changes continually dur- 
ing life, the tip remains close to the follow- 
ing point under usual circumstances: deep to 
the left fifth intercostal space, 8 or 9cm from 
the midsternal line. This is about 4cm below 
and 2cm medial to the left nipple in the 
male. Because the site of the nipple can vary 
somewhat in females, this latter means of 
approximating the position of the apex may 
be less useful. The apex is overlapped by an 
extension of the pleura and lungs as well as 
by the structures of the anterior thoracic 
wall. 

THE BASE. Although the base of the heart 
is somewhat more difficult to visualize than 
the apex, it can be conceived as the base of a 
blunt cone oriented in a direction opposite 
the apex. It faces backward, to the right, and 
upward. It is nearly quadrilateral in shape 
and is formed mainly by the left atrium, part 
of the right atrium, and the proximal parts of 
the great vessels (Fig. 7-27). The base of the 
heart extends superiorly as far as the bifur- 
cation of the pulmonary trunk, while inferi- 
orly it is bounded by the posterior part of the 
coronary sulcus containing the coronary 
sinus. To the right it is limited by the sulcus 
terminalis of the right atrium and to the left 
by the oblique vein of the left atrium. The 
descending thoracic aorta, the esophagus, 
and the thoracic duct intervene between the 
base of the heart and the bodies of the fifth 
to eighth thoracic vertebrae. At the base of 
the heart, the four pulmonary veins, two on 
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Fic. 7-24. The anterior or sternocostal surface of the heart and great vessels after removal of the anterior part of the 


pericardium. 


each side, open into the left atrium, while 
the superior vena Cava opens into the upper 
part and the inferior vena cava into the 
lower part of the right atrium. 

SURFACES AND MARGINS. The heart pre- 
sents several surfaces and margins (or bor- 
ders) which upon clinical examination can 
be useful in describing surface relationships 
and possible pathological distortion of its 
‘normal shape and contours. 

The sternocostal surface is formed by the 
right atrium, and especially its auricular 
appendage, and the right ventricle, to the left 
of which is a small part of the left ventricle 
(Fig. 7-25). The right upper aspect of this sur- 
face is crossed obliquely by the coronary 
sulcus, while the anterior interventricular 
sulcus passes from above downward and 
forms a line of separation between the right 
and left ventricles. 

The diaphragmatic surface is formed prin- 


cipally by the left ventricle, but also to some 
extent by the right ventricle (Fig. 7-26). It 
rests chiefly upon the central tendon of the 
diaphragm, and it is crossed obliquely by the 
posterior interventricular sulcus. Superiorly, 
it is separated from the base of the heart by 
the coronary sulcus. 

Right Margin. The right margin of the 
heart is longer than the left, and it describes 
an arc from the superior vena cava to the 
apex. Its upper part defines the margin of the 
right atrium, while the lower part of the right 
margin outlines the border of the right ven- 
tricle. Because the right ventricle lies nearly 
horizontally on the diaphragm, so does the 
lower part of the right margin. Coursing 
along the line of attachment of the dia- 
phragm to the anterior chest wall, the ven- 
tricular part of the right margin tends to be 
thin and sharp. It extends from the sternal 
end of the sixth right costal cartilage to the 
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Fic. 7-25. The sternocostal surface of the heart viewed from the anterior aspect. (Modified after Sobotta.) 


cardiac apex and is sometimes called the 
acute margin, or even the inferior border, of 
the heart. The atrial part of the right margin 
is almost vertical and is situated behind the 
third, fourth, and fifth costal cartilages, 
1.25cm to the right of the margin of the 
sternum. 

Left Margin. The left margin is shorter 
and more rounded, and is formed mainly by 
the left ventricle and to a small extent by the 
left atrium. It extends obliquely downward 
to the apex from a point 2.5 cm from the ster- 
nal margin in the second left interspace, de- 
scribing a curve that is convex laterally to 
the left. 


Chambers of the Heart 


The interior of the human heart consists of 
four chambers, two atria superiorly, and two 
ventricles inferiorly. A continuous septum, 
passing from the apex to the base, separates 


the atria (interatrial septum) and the ventri- 
cles (interventricular septum). On each side 
of the heart the passage between the atrium 
and the ventricle is guarded by valves (right 
and left atrioventricular valves). Other 
valves (the aortic valve and the pulmonary 
valve) are interposed between the ventricles 
and the principal arteries leaving the heart. 
The interior of each of the four chambers 
presents specialized structures that contrib- 
ute to its function. 


RIGHT ATRIUM 


The right atrium (Fig. 7-28) is a somewhat 
cuboid chamber that has a capacity of about 
57 ml. It appears larger than the left, and its 
wall, which is about 2mm in thickness, is 
thinner than that of the left atrium. It con- 
sists of two parts: a principal cavity, situated 
posteriorly, called the sinus venarum, and a 
more anterior, smaller, conical pouch called 
the right auricle (Fig. 7-28). 
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Fic. 7-26. The diaphragmatic surface and the base of the heart viewed from the dorsal aspect. The visceral pericar- 
dium still overlies the heart, but observe the cut edges of its reflection as the parietal pericardium over the large vessels. 


(After Sobotta.) 


SINUS VENARUM. The sinus venarum is the 
part of the right atrium located between the 
superior and inferior venae cavae and the 
atrioventricular opening (Fig. 7-28). Its wall 
merges with these two large veins, and its 
interior surface is quite smooth except for 
certain rudimentary structures to be de- 
scribed. 

RIGHT AURICLE. The right auricle is a 
small. conical, muscular pouch which is an 
extension of the right atrium (Fig. 7-28). It is 
directed upward and to the left between the 
superior vena cava and the right ventricle, 
overlapping the right side of the root of the 
aorta. The junction of the right auricle with 
the sinus venarum is marked on the exterior 
of the atrium by a groove, the sulcus termi- 
nalis (Fig. 7-27), which corresponds to a 
ridge on the atrial inner surface, the crista 
terminalis. The internal surface of the auric- 
ula has its muscular bundles raised into 


distinctive parallel ridges resembling the 
teeth of a comb and named, therefore, the 
musculi pectinati. 

In addition to the crista terminalis and the 
musculi pectinati, the interior of the right 
atrium presents for examination a number 
of openings, valves, and other specialized 
structures. 

OPENING OF THE SUPERIOR VENA CAVA. The 
superior vena Cava opens into the upper pos- 
terior part of the sinus venarum (Fig. 7-28). 
Its orifice is oriented downward and for- 
ward so that blood entering the atrium 
through it is directed toward the atrioven- 
tricular opening. The superior vena Cava re- 
turns blood from the cranial half of the 
body, and there is no valve at its opening in 
the right atrium. 

OPENING OF THE INFERIOR VENA CAVA. The 
inferior vena Cava opens into the most cau- 
dal part of the sinus venarum near the inter- 
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Fic. 7-27. The base of the heart viewed from the dorsal and superior aspect. Pulmonary artery shown in blue because 
of low blood oxygenation level; pulmonary veins shown in red because of high blood oxygenation level. 
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Fig. 7-28. Interior of the right atrium and right ventricle after the removal of the sternocostal wall of the heart. 
Pulmonary trunk and pulmonary arteries shown in blue to indicate the low level of oxygenation of the blood in these 
vessels. 
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dtrial septum. Returning blood from the 
lower half of the body, its orifice is larger 
than that of the superior vena cava. This 
opening is directed upward and backward 
toward the fossa ovalis, and the rudimentary 
valve of the inferior vena cava extends a 
short distance superiorly from the opening 
on the interatrial septum. 

VALVE OF THE INFERIOR VENA CAVA. ‘This 
valve (sometimes called the Eustachian 
valve’) is a single crescentic fold attached 
along the anterior and left margin of the ori- 
fice of the inferior vena cava. Its concave 
free margin ends in two cornua, of which the 
left is continuous with the anterior margin of 
the limbus fossae ovalis and the right 
spreads out on the atrial wall. The valve con- 
sists of a fold of the membranous lining of 
the atrium containing a few muscular fibers. 
In the fetus the valve is more prominent and 
tends to direct blood from the inferior cava 
to the left atrium through the foramen ovale, 
which is open prenatally. In the adult the 
valve is usually rudimentary and has little if 
any functional significance. It may be thin 
and fenestrated, very small, or even entirely 
absent. 

OPENING OF THE CORONARY SINUS. The 
coronary sinus opens into the right atrium 
between the orifice of the inferior vena cava 
and the atrioventricular opening. It returns 
most of the blood from the substance of the 
heart itself and the opening is protected by a 
thin valve. 

VALVE OF THE CORONARY SINUS. This valve 
is a single semicircular fold of the lining 
membrane of the right atrium, and it is at- 
tached to the right and inferior lips of the 
orifice of the coronary sinus. It may have a 
cribriform structure and contain many per- 
forations or it may be doubled. The valve is 
seldom effective for more than partial clo- 
sure of the orifice during contraction of the 
atrium. 

FORAMINA VENARUM MINIMARUM. ‘These 
are openings of small veins, the venae 
cordae minimi (or thebesian veins), which 
drain blood from the heart muscle directly 
into the atrial cavity. A few larger orifices 
can usually be seen in the septal wall, in- 
cluding those of the anterior cardiac veins. 
These openings were used by early scientists 


'Bartolommeo Eustachio (1520-1574): An Italian anato- 
mist (Rome). 


to explain the passage of blood from one 
side of the heart to the other before William 
Harvey discovered the circulation of blood 
in 1610 A.D. 

Another orifice in the right atrium is the 
right atrioventricular opening, a large oval 
aperture of communication between the 
atrium and the right ventricle. It is described 
with the right ventricle. 

INTERATRIAL SEPTUM. The interatrial sep- 
tum forms the dorsal wall of the right 
atrium. It contains rudimentary structures 
which were of significance in the fetus. The 
fossa ovalis (Fig. 7-28) is an oval depression 
in the lower part of the septal wall and cor- 
responds to the foramen ovale of the fetal 
heart. It lies within a triangular area 
bounded by the openings of the two venae 
cavae and the coronary sinus. Its floor is 
formed by the remnant of the septum 
primum that initially separated the atria in 
the fetus. 

The limbus fossae ovalis is the prominent 
oval margin of the foramen ovale and repre- 
sents the free border of the septum secun- 
dum. The latter fetal structure forms just to 
the right of the septum primum in the fetus, 
and from it is derived most of the muscular 
part of the interatrial septum in the adult— 
that is, all except the floor of the fossa ovalis, 
which persists from the septum primum. 
The limbus is distinct cranially and at the 
sides, but it is deficient caudally. Frequently 
the cranial part of the two fetal septi do not 
fuse, leaving a slit-like opening in the adult 
interatrial septum through which a probe 
may be passed into the left atrium. This is 
spoken of as probe patency of the foramen 
and is found in 20 to 25% of all hearts. Larger 
openings are not uncommon, but these inter- 
atrial defects are seldom of functional signif- 
icance. 

The intervenous tubercle (of Lower?) is a 
small raised area in the septal wall of the 
right atrium between the fossa ovalis and the 
orifice of the superior vena cava. It is more 
distinct in the hearts of certain quadrupeds 
than in man, and in fetal life it may serve to 
direct blood from the superior cava into the 
atrioventricular opening. 


“William Harvey (1578-1657): An English physician, 
physiologist, and embryologist. 

“Richard Lower (1631-1691): An English physician and 
physiologist. 


RIGHT VENTRICLE 


The right ventricle occupies a large trian- 
gular part of the anterior or sternocostal sur- 
face of the heart and extends from the right 
atrium almost to the apex (Fig. 7-28). Its right 
boundary on the surface is the coronary sul- 
cus, while its left is the anterior longitudinal 
sulcus. Superiorly, the part of the right ven- 
tricle called the conus arteriosus joins the 
pulmonary trunk. Inferiorly its wall forms 
the acute margin of the heart and extends for 
some distance around the diaphragmatic 
surface. The wall of the right ventricle is 
thickest near the base of the heart and grad- 
ually becomes thinner toward the apex. The 
right ventricular wall is about one-third the 
thickness of that forming the left ventricle, 
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but their capacities are the same, about 
85 ml (Latimer, 1953). 

The interior of the right ventricle presents 
a number of openings and specialized parts 
(Figs. 7-29; 7-30) that require further descrip- 
tion. 

RIGHT ATRIOVENTRICULAR ORIFICE. This 
Opening or ostium is a large oval aperture 
through which the right atrium communi- 
cates with the right ventricle (Figs. 7-28; 7- 
29). It measures about 4cm in diameter and 
is large enough to admit the tips of four fin- 
gers. It is surrounded by a strong fibrous ring 
that is covered by the endocardial lining of 
the heart, and it is guarded by the right atrio- 
ventricular or tricuspid valve. 

RIGHT ATRIOVENTRICULAR VALVE. The right 
atrioventricular or tricuspid valve encircles 
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Fic. 7-29. The interior of the right and left ventricles to show the atrioventricular and pulmonary valves. 
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Fic. 7-30. The atrioventricular, pulmonary, and aortic valves of the heart viewed from above after removal of the 


atria as well as the pulmonary trunk and aorta. 


the right atrioventricular orifice and is 
notched into three roughly triangular leaflets 
or cusps. These are attached to the right ven- 
tricular wall, and when the valve opens, the 
cusps project into the ventricle. The three 
cusps are named anterior, posterior, and 
septal, and they are of unequal size (Figs. 
7-28 to 7-30). 

The anterior (or infundibular) cusp is the 
largest (Figs. 7-28; 7-29) and is interposed 
between the atrioventricular orifice and the 
anterior wall of the right ventricle, to which 
it is attached in the region of the conus arte- 
riosus (or infundibulum). The posterior (or 
marginal) cusp, which is the smallest, ex- 
tends from the atrioventricular orifice to 
the ventricular wall adjoining the sternocos- 
tal and diaphragmatic surfaces, sometimes 
called the acute margin of the heart (Fig. 
7-29). The septal (or medial) cusp extends 
between the interventricular orifice and the 
right side of the interventricular septal wall. 
Small intercalated leaflets may occur be- 
tween the three larger ones (Fig. 7-29). 

Each cusp is composed of strong fibrous 
tissue that is thick in the central part, but 
thin and translucent near the margin. The 
bases of the cusps are attached to the fibrous 
ring surrounding the atrioventricular orifice, 
while their apices project into the ventricu- 


lar cavity. The atrial surface of the leaflets is 
smooth, but the ventricular surface is more 
irregular and the free border of each cusp 
presents a ragged edge for the attachment of 
delicate tendinous cords called the chordae 
tendineae. In addition to their attachment to 
the cusps, the chordae tendineae are secured 
to papillary muscles in the ventricle. This 
makes the valve as a whole competent 
enough to withstand the back pressure of the 
blood during ventricular systole, thereby 
preventing the regurgitation of blood into 
the atrium. 

CHORDAE TENDINEAE. These strong fibrous 
cords are delicate but inelastic. They are at- 
tached to the ventricular end of the valve 
cusps at their apices and margins, and then 
are anchored to the muscular ventricular 
wall. They number about twenty and are of 
different length and thickness. The majority 
are attached to projections of the trabeculae 
carneae called papillary muscles (Figs. 7-28; 
7-29). 

TRABECULAE CARNEAE. The trabeculae Car- 
neae are irregular bundles and bands of 
muscle that project from the entire inner 
surface of the ventricle except at the conus 
arteriosus, where the surface is smooth (Fig. 
7-28). They are of three types: some are at- 
tached along their entire length to form 


ridges on the inner ventricular wall; others 
are fixed at their two extremities to the heart 
wall and extend across the lumen for short 
distances; and still others form the more spe- 
cialized structures called papillary muscles, 
which project from the heart wall at one end 
and attach to the chordae tendineae at the 
other (Fig. 7-28). Although the inner surface 
of the conus arteriosus is quite smooth, its 
limit is marked by a ridge of muscular tissue, 
the supraventricular crest, which extends 
across the dorsal ventricular wall toward 
the pulmonary trunk from the attachment of 
the ventral cusp at the atrioventricular ring 
(Fig. 7-29). 

The septomarginal trabecula is a stout 
bundle of heart muscle in the central or api- 
cal part of the right ventricle. It crosses the 
ventricular lumen from the base of the ante- 
rior papillary muscle to the interventricular 
septum (Fig. 7-28). It is of variable size and 
constancy in the human heart, but is more 
prominent in some larger mammals where it 
is supposed to resist overdistention of the 
ventricle. For this reason it is also called the 
moderator band. When present, it usually 
contains the right limb of the atrioventricu- 
lar conduction bundle (Truex and Copen- 
haver, 1947). 

PAPILLARY MUSCLES. The papillary mus- 
cles are conical projections of ventricular 
muscle, the apices of which afford attach- 
ment to the chordae tendineae. Although 
their size and number are somewhat variable, 
the two principal ones are-named the ante- 
rior and posterior papillary muscles. 

The anterior papillary muscle is the larger 
of the two prominent papillary muscles, pro- 
truding partly from the anterior and partly 
from the septal wall of the right ventricle 
(Fig. 7-28). Its chordae tendineae are at- 
tached to the anterior and posterior cusps of 
the tricuspid valve, and frequently a portion 
of this muscle constitutes the moderator 
band. 

The posterior papillary muscle usually 
consists of two or three parts which arise 
from the posterior ventricular wall and to 
which are attached the chordae tendineae of 
the posterior and septal cusps. Another 
small papillary muscle arises near the septal 
end of the supraventricular crest. It is called 
the papillary muscle of the conus arteriosus, 
and it is attached to the anterior and septal 
cusps. Other small septal papillary muscles 
spring directly from the interventricular sep- 
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tum and attach to individual chordae tendi- 
neae. 

ORIFICE OF THE PULMONARY TRUNK. At the 
summit of the conus arteriosus is a circular 
opening leading to the pulmonary trunk 
(Figs. 7-28; 7-29). It is close to the interven- 
tricular septum, above and to the left of the 
atrioventricular aperture, and is guarded by 
the pulmonary valve. 

PULMONARY VALVE. This valve consists of 
three semilunar cusps (or valvula) formed 
by duplications of the endocardial lining 
which are reinforced by fibrous tissue (Figs. 
7-28 to 7-30). They are attached by their 
curved margins to the wall of the pulmonary 
trunk at its site of junction with the conus 
arteriosus. The free borders of the cusps are 
directed upward toward the lumen of the 
pulmonary trunk. Behind each cusp, that is, 
between the cusp and the wall of the pulmo- 
nary trunk, is a pocket called the pulmonary 
sinus (sinus of Valsalva‘). The point at 
which the attachments of two adjacent 
cusps come together is called a commissure. 
Each cusp is marked by a small thickened 
fibrocartilaginous nodule (corpus of Aran- 
tius*) at the center of the free margin. From 
the nodule tendinous fibers radiate through 
the cusps to the commissure of attachment. 
These strengthen both the free and attached 
margins of the cusp. Two thin crescentic 
arcs, free of fibers, are placed one on each 
side of the nodule immediately adjoining the 
free margin. These are called the lunules. 
The line of contact between the cusps, when 
the valve is closed, is not at the free margin, 
but by the nodule and lunulae. 

The three semilunar cusps forming the 
pulmonary valve are named the right (right 
anterior), left (posterior), and anterior (left 
anterior. 


Two methods are used to name the semilunar 
cusps of the pulmonary valve. One is based on their 
position in the adult body. The other, and currently 
recommendedterminology in the Vomina Anatomica, 
is based on the position of the cusps in the fetus 
prior to rotation of the pulmonary artery and the 
aorta. In this book, the latter terminology has been 
presented as preferred and is printed in bold type 
above, while the former terminology is shown in pa- 
rentheses. 


1Antonio M. Valsalva (1666-1723): An Italian anatomist. 
“Giulio C. Arantius (1530-1589): An Italian physician 
and anatomist. 
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LEFT ATRIUM 


The left atrium is rather smaller than the 
right and the wall is thicker, measuring 
about 3mm. It forms a large part of the base 
and dorsal part of the heart (Figs. 7-26; 7-27). 
Its separation from the right atrium is not 
identifiable on the posterior heart surface 
except when the organ is distended, but the 
aorta and pulmonary trunk lie between the 
two atria on the anterior surface. The left 
atrium consists of two parts, a principal cav- 
ity and the left auricle. 

PRINCIPAL CaviTy. The principal cavity of 
the left atrium contains the openings of the 
four pulmonary veins, two on each side of 
the ehamber, and they are not guarded by 
valves. Frequently the two left veins have a 
common opening. Additionally, the princi- 
pal cavity opens into the left ventricle by 
means of the left atrioventricular orifice, 
which is a little smaller than the right and is 
guarded by the left atrioventricular or mitral 
valve. The surface of the principal cavity is 
smooth. The interatrial septum contains a 
depression that is bounded below by a cres- 
centic ridge. This is the edge of the valve of 
the foramen ovale, the remnant of the sep- 
tum primum which became fused over the 
opening of the foramen ovale at birth. 

LEFT AURICLE. The left auricle is some- 
what constricted at its junction with the 
principal cavity. It is longer, narrower, and 
more curved than the right auricle, and its 
margins are more deeply indented. It curves 
anteriorly around the base of the pulmonary 
trunk, only its tip being visible on the sterno- 
costal aspect of the heart (Fig. 7-25). At this 
site it also overlies the commencement of the 
left coronary artery. The inner surface of the 
auricle is marked by muscular ridges, simi- 
lar to those in the right auricle, called mus- 
culi pectinati. 


LEFT VENTRICLE 


The left ventricle occupies a small part of 
the sternocostal and about half of the dia- 
phragmatic surface of the heart (Figs. 7-25; 
7-26). It forms part of the left margin of the 
heart and its tip forms the apex. The left 
ventricle is longer and more conical in shape 
than the right, and its walls are about three 
times as thick. In a cross section its cavity is 


oval or circular in outline. The interior pre- 
sents two openings: the atrioventricular ori- 
fice guarded by the mitral valve and the 
aortic aperture guarded by the aortic valve. 

LEFT ATRIOVENTRICULAR ORIFICE. The left 
atrioventricular orifice is located below and 
somewhat posterior to the aortic opening. It 
is smaller than the corresponding orifice in 
the right heart and its breadth allows only 
two fingers to pass. It is surrounded by a 
dense fibrous ring that supports the left atri- 
oventricular valve, which is also called the 
mitral or bicuspid valve. 

LEFT ATRIOVENTRICULAR VALVE. The left 
atrioventricular or mitral valve is attached 
to the fibrous ring surrounding the circum- 
ference of the left atrioventricular orifice. It 
is bicuspid, and its two cusps, which are of 
unequal size, extend down into the left ven- 
tricle in a manner similar to those of the 
valve on the opposite side (Fig. 7-29). The 
cusps are named anterior and posterior ac- 
cording to their position in the ventricle. 

The larger anterior cusp is placed ven- 
trally and to the right, adjacent to the aortic 
opening. The smaller or posterior cusp is 
located behind and to the left of the aortic 
aperture. Two smaller cusps are sometimes 
found at the angles of junction between the 
main cusps. The chordae tendineae are 
thicker and stronger, but less numerous than 
those in the right ventricle (Fig. 7-29). 

TRABECULAE CARNEAE. There are three 
types of trabeculae carneae, similar to those 
described for the right ventricle, but they are 
more numerous and more densely packed, 
especially at the apex and on the dorsal wall. 

PAPILLARY MUSCLES. There are two princi- 
pal papillary muscles in the left ventricle. 
One is attached to the anterior or sternocos- 
tal wall and is therefore called the anterior 
papillary muscle. The other, attached to the 
posterior or diaphragmatic wall, is the poste- 
rior papillary muscle. Both are of large size 
and end in rounded extremities to which the 
chordae tendineae are attached. Each papil- 
lary muscle has chordae tendineae which go 
to both cusps of the valve. 

AORTIC ORIFICE. The aortic opening is a 
circular aperture located anterior and to the 
right of the atrioventricular orifice, from 
which it is separated by the anterior cusp of 
the mitral valve. The aortic orifice is guarded 
by the aortic valve, which consists of three 
semilunar cusps. It is slightly over 2.5 cm 


(one inch) in diameter, and the portion of the 
ventricle immediately adjacent to the orifice 
is termed the aortic vestibule, which consists 
largely of fibrous tissue rather than cardiac 
muscle. 

AORTIC VALVE. The aortic valve is com- 
posed of three semilunar cusps, similar to 
those of the pulmonary valve but larger, 
thicker, and stronger (Fig. 7-31). The cusps 
surround the aortic orifice and they contain 
lunules that are more distinct and nodules 
that are thicker and more prominent than 
those of the pulmonary valve. Between the 
cusps and the aortic wall there are dilated 
pockets called the aortic sinuses (of Valsalva), 
which are larger than those of the pulmo- 
nary trunk, and from the aortic wall bound- 
ing two of these sinuses the coronary ar- 
teries take origin. 

The cusps of the aortic valve are named 
posterior (right posterior), right (anterior), 
and left (left posterior), based on the embry- 
ological development of the aortic septum 
by division of the truncus arteriosus into the 
aorta and pulmonary trunk. (In parentheses 
are the names of the cusps according to their 
position in the adult heart, but this is 
no longer recommended by the Nomina 
Anatomica.) The preferred terminology (in 











Pulmonary trunk 


Right coronary artery 


Aortic sinus 
Right 
coronary artery 


Right cusp, 
aortic valve 


635 


CHAMBER: eee AoC AR 


bold face above) is consistent with that used 
for the pulmonary valve and has the added 
correlation that behind the left and right 
cusps, the coronary arteries arise from the 
aorta. The posterior cusp, therefore, would 
be the non-coronary cusp. 

INTERVENTRICULAR SEPTUM. The left ven- 
tricle is separated from the right ventricle by 
the interventricular septum. This septum is 
directed obliquely backward and to the 
right, and it also has a curvature with con- 
vexity to the right, thus completing the oval 
of the thick left ventricle and encroaching 
on the cavity of the right ventricle. Its mar- 
gins correspond to the anterior and posterior 
interventricular sulci. The greater part of it 
is thick and muscular and is called the mus- 
cular part of the interventricular septum. 
The upper portion of the interventricular 
septum, which separates the aortic vestibule 
from the lower part of the right atrium and 
the upper part of the right ventricle, is 
thinner and fibrous and is called the mem- 
branous part of the interventricular sep- 
tum. This is the last part of the septum to 
close in embryological development (Fig. 
7-17) and is the usual site of the defect in 
a condition known as patent interventricu- 
lar septum. 
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Fic. 7-31. The aortic entrance from the left ventricle has been opened to show the three semilunar cusps of the aortic 
valve. Within the ventricle a part of the left atrioventricular (mitral) valve is also exposed. 
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Structure of the 
Cardiac Wall 


The wall of the heart consists principally 
of cardiac muscle and a fibrous skeleton, the 
latter serving, in part, for the attachment of 
some cardiac muscle fibers and the heart 
valves. The heart wall is covered by meso- 
thelial linings, both externally by the epicar- 
dium and internally by the endocardium. 

FIBROUS CARDIAC SKELETON. The fibrous 
skeleton of the heart consists of fibrous or 
fibrocartilaginous tissue which surrounds 
the atrioventricular, aortic, and pulmonary 
apertures with fibrous rings. This more re- 
sistant tissue merges with the membranous 
part of the interventricular septum and 
serves for the attachment of valves and heart 
muscle fibers. In the heart of certain large 
animals, such as the ox, this fibrous tissue 
may contain cartilage and even bone. Be- 
tween the right margin of the left atrioven- 
tricular ring, and the aortic ring and right 
atrioventricular ring, the dense tissue forms 
a triangular mass, the right fibrous trigone 
(Fig. 7-32). This mass also forms the basal 
thickening of the membranous septum. A 
fibrous band from the right trigone and right 
atrioventricular ring to the posterior side of 
the conus arteriosus and anterior aspect of 
the aortic ring is called the tendon of the 
conus. A similar but smaller mass of fibrous 
tissue, the left fibrous trigone, lies between 
the aortic and left atrioventricular rings. The 
atrioventricular rings and the trigones sepa- 
rate the muscular walls of the atria from 
those of the ventricles. The bundles of mus- 
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cular fibers of both chambers, however, use 
the fibrous tissue for their attachment. 
HEART MUSCULATURE. ‘The muscular struc- 
ture of the heart consists of bands of fibers 
that present an exceedingly intricate inter- 
lacement. Distinct bundles of muscle fibers 
form the walls of the atria and the ventricles, 
but those bundles forming the atrial cham- 
bers are functionally separated from those 
forming the ventricles by the fibrous rings. 
An additional special bundle of muscle fi- 
bers, the atrioventricular bundle (of His’), 
which forms the conducting system of the 
heart, does constitute a functional connec- 
tion between the atrial and ventricular 
chambers and will be discussed separately. 


The musculature of the atria can be dissected 
into the two layers, superficial and deep. The more 
superficial bundles extend across both atria, encir- 
cling them in single or double loops. The deeper 
bundles are more generally confined to each atrium, 
although some fibers pass through the interatrial 
septum to encircle the other atrium as well. The 
atrial bundles are attached to the fibrous trigones 
and the atrioventricular rings, and they extend for 
short distances to encircle the roots of the venae 
cavae on the right side and the pulmonary veins on 
the left. 

The musculature of the ventricles consists of 
bundles that probably allarise from the fibrotendinous 
structures at the base of the heart, converge in spiral 
courses toward the apex for varying distances, and 
then turn spirally upward to be inserted on the oppo- 
site side of these same fibrotendinous structures. 
The superficial bundles spiral to their vortex at or 
near the apex of the left ventricle before they turn 


'Wilhelm His, Jr. (1863-1934): A German anatomist 
(Leipzig and Berlin). 







Fig. 7-32. The fibrous skeleton of the heart. The atria have been removed and the heart is viewed toward the 


ventricles. (Redrawn from Tandler, 1912.) 


upward, while the deeper bundles turn upward at 
varying distances without reaching the apex. 

The superficial bulbospiral bundle arises from the 
conus arteriosus, left side of the aortic septum, 
aortic ring, and left atrioventricular ring, and passes 
toward the apex of the heart. At their origin the fi- 
bers form a broad thin sheet that becomes thick and 
narrow at the apex where the bundle twists on itself. 
It then continues upward and posteriorly in a spiral 
manner on the inner surface of the left ventricle, 
spreading out into a thin sheet that is inserted on the 
opposite side of the fibrotendinous structures from 
which it arose. These fibers nearly make a double 
circle that is open at the top, somewhat like a figure 
8, around the heart. As the fibers pass toward the 
apex they lie superficial to the deep bulbospiral bun- 
dle, and as they pass upward from the apex they 
partly blend and partly pass on the inner side of the 
deep bundle in directions nearly at right angles to 
the descending superficial fibers. 

The superficial sinuspiral bundle arises as a thin 
layer from the posterior aspect of the right and left 
atrioventricular rings. The fibers pass more horizon- 
tally around the heart to the apex than do those of 
the superficial bulbospiral bundle. They encircle the 
right ventricle and converge as they approach the 
apex, passing upward into the papillary muscles on 
the inner wall of the ventricles. They become at- 
tached to the fibrous rings either by way of the chor- 
dae tendineae or directly by the fibers themselves. 

The deep bulbospiral bundle arises immediately 
beneath the superficial bulbospiral bundle from the 
left side of the aortic and left atrioventricular rings. 
The fibers pass downward to the right and enter the 
septum through the posterior longitudinal sulcus. 
They then encircle the left ventricle without reaching 
the apex. Turning upon themselves on the apical 
side of the ring, they blend with the fibers of the 
superficial bundle as they pass Spirally upward to be 
inserted on the right side of the fibrous aortic and 
left atrioventricular rings. These fibers also seem to 
form an open figure 8, with both loops of about the 
same size. 

The deep sinuspiral bundle is more especially con- 
cerned with the right ventricle, although its fibers 
communicate freely with the papillary muscles of 
both ventricles. Its fibers arise from the posterior 
part of the left atrioventricular ring and pass diago- 
nally into the deeper layer of the wall of the right 
ventricle, where they turn upward to the conus arte- 
riosus and membranous part of the interventricular 
septum. 

The interventricular bundles are represented in 
part by the longitudinal bundle of the right ventricle, 
which passes through the interventricular septum 
and must be cut in order to unroll the heart, and in 
part by the interpapillary bands. The circular bands 
of the conus simply extend from one side of the ten- 
don of the conus arteriosus around the root of the 
pulmonary trunk and conus to the opposite side of 
the tendon. 
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Conduction System 
of the Heart 


The conduction system of the heart con- 
sists of the sinuatrial node, the atrioventricu- 
lar node, the atrioventricular bundle, and 
the terminal conducting fibers or Purkinje! 
fibers. Although these structures differ from 
each other in certain details, they are all 
composed of specially dilferenliated cardiac 
muscle fibers that have the capacity to con- 
duet electrical impulses and thus are more 
highly developed than fibers in the rest of 
the heart. The musculature of both the ven- 
tricles and the atria has an intrinsic capabil- 
ity to contract spontancously, independent 
of any nervous influence. The conduction 
system, however, initiates and superimposes 
a rhythmicily to this contraction, which has 
a rapid rate and is transmitted to all parts of 
the heart. The rate of the cardiac rhythm is 
regulated by the autonomic nerves which 
are under the control of the central nervous 
system. 

SINUATRIAL NODE. ‘The sinuatrial node 
(S-A node) is a small mass of specialized 
heart muscle situated in the crista terminalis 
at the junction of the superior vena cava and 
right atrium. It receives ils name from the 
fact that this region develops from the mar- 
gin of the sinus venosus In the embryo. The 
sinuatrial node consists of very narrow fusi- 
form muscle fibers, which are assembled in a 
crescent-shaped region less than a centime- 
ter in length and slightly more than a milli- 
meter in breadth. The node is difficult to 
identify from surrounding muscle tissue al 
dissection, but may be located by tracing the 
course of the small sinunodal artery, which 
usually branches from the right coronary 
artery and supplies the region. The contrac- 
tion of the heart is initiated by the node, and 
it is therefore called the pacemaker of the 
heart. No specialized bundle for the conduc- 
tion of the impulses from this node to the 
ventricle has, as yet, been identified morpho- 
logically. The fibers of the node merge with 
the surrounding atrial muscle fibers, and 
these alone appear to be responsible for 
transmitting the contractile wave across the 
atria and the impulses to the atrioventricular 
node. 


‘Johannes K. Purkinje (1787-1869): A German and then 
Czechoslovakian anatomist (Breslau and Prague). 
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ATRIOVENTRICULAR NODE. The atrioven- 
tricular node (A-V node) is slightly smaller 
than the sinuatrial node and lies near the ori- 
fice of the coronary sinus in the septal wall 
of the right atrium (Fig. 7-33). Its muscle fi- 
bers, not being encapsulated by connective 
tissue, can seldom be recognized except that 
they are continuous with those of the atrio- 
ventricular bundle below and the atrial mus- 
culature above. The node is supplied by au- 
tonomic nerve fibers and usually receives its 
blood supply from the posterior interven- 
tricular artery. 

ATRIOVENTRICULAR BUNDLE. The atrioven- 
tricular bundle (A-V bundle) begins at the 
atrioventricular node and follows along the 
membranous part of the interventricular 
septum toward the left atrioventricular 
opening, a distance of about one centimeter. 
Toward the middle of the septum, the A-V 
bundle splits into right and left crura, which 
straddle the summit of the muscular part of 
the interventricular septum. The right crus 
of the A-V bundle continues under the en- 
docardium toward the apex, spreading to all 
parts of the right ventricle (Fig. 7-33). It 
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breaks up into small bundles of fibers 
called the terminal conducting Purkinje fi- 
bers, which become continuous with the 
cardiac muscle fibers of the right ventricle. 
A large fascicle of terminal fibers enters the 
septomarginal (or moderator) band, if this is 
present, to reach the opposite wall of the 
ventricle and the anterior papillary muscle. 
The left crus of the A-V bundle penetrates 
the fibrous septum and comes to lie just 
under the endocardium of the left ventricle 
(Fig. 7-34). At first it is a flattened band 
which soon fans out on the septal wall more 
quickly than the right crus and breaks up 
into bundles of the terminal conducting Pur- 
kinje fibers, which are distributed through- 
out the left ventricle. 

The two crura are surrounded by more or 
less distinct connective tissue sheaths and 
may be visible, therefore, on gross examina- 
tion of the heart. They are more easily seen 
in a fresh specimen than in a preserved one, 
and the left branch frequently shows more 
clearly than the right. The bundle and 
branches may be demonstrated by injecting 
India ink into the connective tissue sheath of 


Left pulmonary 
artery 


Pulmonary trunk 


Anterior cusp valve 
Right cusp 


Left cusp | Pulmonary 
Conus arteriosus 


Right crus, A-V bundle 


Region of A-V node 


Right ventricle 


Septomarginal 
(moderator) band 


Anterior papillary 
muscle 


Trabeculae carneae 


The conduction system of the heart. The interior of the right side of the heart has been opened to show (in 


yellow) the right crus of the atrioventricular bundle (of His). 
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Fig. 7-34. The left crus of the atrioventricular bundle exposed after opening the left ventricle. The aorta has been 
opened to reveal the cusps of the aortic valve and the membranous part of the interventricular septum. 


a fresh specimen, a procedure that is partic- 
ularly effective with a sheep or ox heart. 
The terminal conducting Purkinje fibers 
are different histologically from the nodal 
fibers, merging with the nodal tissue at one 
end of the A-V bundle and with the regular 
heart muscle at the other. The individual 
fibers can only be identified with the aid of a 
microscope. Coursing initially in small bun- 
dies under the endocardium, they then 
penetrate and ramify as individual fibers 
throughout the ventricular musculature. 


CARDIAC CYCLE 


The complete cardiac cycle commences at the end 
of one heart contraction and extends to the end of 
the next contraction. It therefore includes first a pe- 
riod of cardiac relaxation called diastole, which is 
then followed by the contraction phase called sys- 
tole. Because each cardiac muscle fiber possesses 
the ability to contract rhythmically, it remains the 
important function of the conducting system of the 
heart to initiate the contraction wave, which has its 
initial site of generation at the sinuatrial node. After 
spreading across the atria, the contraction wave al- 
lows the muscle fibers of both atria to contract as a 
unit. Then, after the electrical impulse reaches the 


atrioventricular node, the conduction system of the 
heart transmits it through both ventricles, causing 
the cardiac muscle fibers forming the walls of these 
chambers to contract efficiently and in unison. It is 
the changes in pressure within the chambers, 
caused by the contraction and relaxation of the car- 
diac muscle, that open and close the atrioventricular 
valves as well as the pulmonary and aortic valves. 
Closure of the valves accounts for the audible heart 
sounds that can be heard over the anterior chest 
wall. 

The graphic representation of the electrical action 
currents in the heart that can be recorded from the 
body surface is the commonly used electrocardio- 
gram (Fig. 7-35). Each cardiac cycle, when visual- 
ized on the electrocardiogram, is seen to consist of 
P, QRS, and T waves. The P wave is generated by 
the spread of depolarization from the sinuatrial node 
across the two atria. Atrial contraction soon occurs, 
causing blood to flow through the open atrioventric- 
ular valves. Approximately 0.16 seconds after the 
onset of the P wave, the electrocardiogram displays 
the QRS wave complex. This signals that the depo- 
larization wave is spreading across the two ventri- 
cles, causing them to contract and thereby to elevate 
intraventricular pressure. The first heart sound is 
caused by the simultaneous closure of the two atrio- 
ventricular valves as ventricular pressure exceeds 
atrial pressure. Closure of the atrioventricular valves 
and continued ventricular contraction force the 
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Fic. 7-35. Events in the cardiac cycle shown in a dia- 
grammatic manner. The upper three traces show aortic, 
atrial, and left ventricular pressure in millimeters of 
mercury. The bottom trace is the corresponding electro- 
cardiogram showing the P, QRS, and T waves. This dia- 
gram carries the cardiac cycle through two systoles, in- 
terrupted by a diastole. (Modified from Guyton, 1974.) 


valves of the pulmonary artery and aorta to open and 
blood to flow into these vessels. Slighty before the 
end of ventricular contraction, the electrocardio- 
gram displays the T wave, which represents the ini- 
tiation of the phase of ventricular relaxation. As a 
result of blood leaving the ventricles and with the 
completion of ventricular contraction, the pulmo- 
nary and aortic valves close, causing the shorter but 
sharper second heart sound. With continuing di- 
minished ventricular pressure, the atrioventricular 
valves open and the cycle is repeated. 


Histology and Ultrastructure 
of Cardiac Muscle 


The myocardium is composed of muscle 
fibers that show many similarities to the fi- 
bers of striated muscle (Fig. 7-36). Cardiac 
muscle fibers consist of myofibrils that 
are separated by sarcoplasm, and they also 
show A, I, Z, H, and M transverse striations. 
For many years it was thought that cardiac 
muscle was not composed of individual 
muscle cells, but that the cardiac fibers were 
joined in such a way as to form a syncytium. 
’ Ultrastructural studies have shown this not 
to be true. It is now recognized that the inter- 
calated discs that cross cardiac muscle fibers 
in a transverse manner represent sites where 
individual muscle fibers are joined in an 
end-to-end arrangement of interdigitating 
membranes and show specialized surface 
membrane complexes (Fig. 7-38). 

Cardiac muscle fibers are oriented in par- 
allel columns similar to skeletal muscle; 
however, unlike skeletal muscle, cardiac fi- 
bers tend to bifurcate and anastomose (Fig. 
7-36). Another difference between skeletal 


and cardiac muscle is the fact that the elon- 
gated nuclei of heart muscle fibers lie deep 
within the substance of the muscle cells 
rather than directly beneath the sarcolemma 
of the fiber as is seen in skeletal muscle (Fig. 
7-37). Between adjacent cardiac fibers is 
found loose connective tissue containing 
nerve fibers and an abundance of capillaries 
and lymphatics. The myofibrillar substruc- 
ture of cardiac fibers consists of both myosin 
and actin myofilaments, accounting for the 
similarity of the transverse striations to 
those observed in skeletal muscle. 

Cardiac muscle fibers show a great abun- 
dance of large mitochondria, presumably 
because of the high metabolic and energy 
requirements of the tissue (Fig. 7-38). The 
sarcoplasm is also rich in glycogen and lip- 
ids, helping to serve the energy resources of 
the muscle fibers. Invaginations of the sarco- 
lemma of heart muscle fibers give rise to a 
T system which, similar to skeletal muscle, 
allows the internal structure of cardiac fi- 
bers to be more closely related to the extra- 
cellular space. In heart muscle, however, the 
transverse tubules are found at the Z line 
rather than at the A-I junctions and they are 
somewhat wider in diameter than those of 
skeletal muscle. The sarcoplasmic reticulum 
is neither as elaborate nor as abundant as 
that in skeletal muscle (Fig. 7-39). Although 
the sarcoplasmic reticulum network extends 
over the surface of the myocardial sarco- 
mere, terminal cisterns similar to those of 
skeletal muscle are not seen. In their place 
are small cisternal expansions that are 
more irregularly placed and come into indi- 
vidual contact with the T tubular mem- 
brane to form a dyad coupling, in contrast 
to the triad configuration seen in skeletal 
muscle. 

Intercalated discs have long been recog- 
nized as a characteristic microscopic feature 
of cardiac muscle fibers. They are easily 
identified by the light microscope in ordi- 
nary hematoxylin and eosin sections, and 
their visibility may even be enhanced by 
special stains. Electron micrographs have 
revealed that the darkly stained intercalated 
discs observed with the light microscope are 
junctional intercellular complexes between 
adjacent cardiac muscle fibers (Fig. 7-40). At 
the intercalated disc, apposed surfaces of the 
cardiac fibers are covered by their own cell 
membranes, which are joined together by 
specialized complexes that maintain inter- 
cellular cohesion. The transverse parts of 
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intercalated discs are arranged in a stepwise 
fashion, crossing the fibers at right angles, 
while the lateral parts of the discs are longi- 
tudinally oriented and seen to course paral- 
lel to the myofibrils. 

CONDUCTION SYSTEM. The sinuatrial node _ intercalated ~- 
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striated fibrillae. The cells are smaller than | v 
the surrounding atrial muscular fibers and UN 
they are intermeshed in connective tissue ®!0°¢ vesse!— Fig £ A 
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and arranged, more or less, in a parallel 
manner and in relation to the nodal artery. 
At the periphery of the node the fusiform 
nodal fibers merge with the atrial muscula- 
ture. Closely associated with the sinuatrial 
node are a number of parasympathetic gan- 
glia associated with the vagus nerve, but 
there are also postganglionic sympathetic 
fibers nearby. The atrioventricular node is a 
small mass of slender specialized cells found 
in the lower part of the interatrial septum. 
Its fibers are branched and irregularly ar- 
ranged, and they merge with the atrial mus- 
culature on the one hand and continue into 
the atrioventricular bundle on the other. In 
the atrioventricular bundle and its first two 
branches, noe speeialized fibers remain slen- Fic. 7-36. Longitudinal section of human cardiac mus- 
der, but in the more peripheral branches of cle fibers showing their branching manner. 400 x magni- 
the A-V bundle the fibers assume the histo- fication. (From Rauber-Kopsch, 1955.) 
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Fic. 7-37. Cross section of human cardiac muscle showing the nuclei located deeply within the interior of the fibers 
rather than immediately beneath the sarcolemma as is seen in skeletal muscle. (From Rauber-Kopsch, 1955.) 
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steplike intercalated disc ([InD). Mitochondria (Mt) divide the contractile substance, and lipid droplets are found 


between the ends of the mitochondria. (From Fawcett, D. W., The Cell, An Atlas of Fine Structure, W. B. Saunders Co.., 


1966.) 
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Fic. 7-39. The sarcoplasmic reticulum (SR) consisting of a simple network of anastomosing tubules. The section 
passes tangential to the inner surface of a mass of myofilaments (M), and the sarcoplasmic reticulum continues across 
the Z line (Z arrow) without terminal cisternae (From Fawcett and McNutt, J. Cell Biol., 42:1-45, 1969.) 


logical characteristics of the Purkinje fibers. 
These latter fibers are larger in diameter 
than ordinary cardiac muscle. They contain 
relatively few peripherally placed myofibril- 
lae, have abundant sarcoplasm, and the cen- 
trally placed nuclei are larger and more ve- 
sicular than those of the usual cardiac 
muscle. As the ramifications of the bundles 
spread into the ventricular wall, the individ- 





ual Purkinje fibers become continuous with 
fibers of the main cardiac musculature. 


VESSELS AND NERVES. The arteries supplying the 
heart are the right and left coronary arteries, and the 
veins are mostly tributaries of the coronary sinus. 
The lymphatics consist of deep and superficial plex- 
uses, which form right and left trunks and end in the 
tracheobronchial nodes. Detailed descriptions of the 
blood vessels and lymphatics of the heart can be 
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Fic. 7-40. Electron micrograph of restricted region of the transverse portion of an intercalated disc. The cell surfaces 
at the disc are approximately 200 to 300 A apart. Actin filaments are seen to enter accumulations of dense material in 
the sarcoplasm subjacent to the cell membrane. Other actin filaments near the disc are seen coursing transverse to the 
prevailing direction of the myofilaments (at arrows). 70,000 « (From Fawcett and McNutt, J. Cell Biol., 42:1-45, 1969.) 
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found in the chapters dealing with these systems. 

The nerves that supply the heart are cardiac 
branches of the vagus nerve and sympathetic 
trunks. These nerves join to form the cardiac plex- 
uses and their ramifications, the coronary plexuses, 
which accompany the coronary arteries. The sympa- 
thetic fibers are postganglionics from the cervical 
and upper thoracic ganglia. The vagus fibers are 
preganglionics, whose ganglion cells form clusters 
In the connective tissue of the epicardium of the 
atria and the interatrial septum. The autonomic in- 
nervation of the heart is described in more detail in 
the chapter on the nervous system. 


CONGENITAL MALFORMATIONS OF THE HEART 


Developmental abnormalities may result from the 
Suppression or overgrowth in varying degrees of the 
individual parts of the heart. The more prevalent 
abnormalities, however, are the result of partial fail- 
ure in the partitioning of the heart. Interatrial de- 
fects that allow the passage of a probe through the 
foramen ovale are quite common (20%), but are of 
no functional significance. Larger defects of the sep- 
tum are less common and may involve the atrial or 
ventricular septa or both. Abnormality in the growth 
of the septum and the endocardial cushions respon- 
sible for separating the truncus arteriosus into the 
aorta and pulmonary trunk results in what are called 
transposition complexes. Transposition refers to a 
shifting of the arterial trunks from their proper ori- 


gins. The abnormalities are designated according to 
the degree of displacement as (a) overriding, (b) par- 
tial transposition, and (c) complete transposition. In 
overriding, one of the arterial trunks straddles the 
ventricular septum in which there is a defect. In par- 
tial transposition, both arterial trunks arise from the 
same ventricle. In complete transposition, the aorta 
arises from the right ventricle and the pulmonary 
trunk from the left ventricle. When abnormalities 
occur, they are often seen in groups or complexes. 
One of the better known complexes, called the tetral- 
ogy of Fallot,! has a combination of the following 
four abnormalities: (1) overriding of the aorta, (2) a 
defect in the ventricular septum, (3) pulmonary ste- 
nosis, and (4) hypertrophied right ventricle. The Ei- 
senmenger complex? is similar to the tetralogy, 
having (1) an overriding aorta, (2) septal defect, 
(3) hypoplasia of the aorta, and (4) right ventricular 
hypertrophy. These and many other congenital mal- 
formations of the heart interfere with the pumping of 
the proper amount of blood into the pulmonary cir- 
culation. In consequence, the blood sent into the 
systemic arteries is poorly oxygenated, the predomi- 
nance of venous blood causes cyanosis, and the in- 
dividual is popularly known as a ‘‘blue baby.’’ De- 
tailed descriptions of cardiac anomalies have been 
published by Gould (1953), Lev (1953), and Gray 
and Skandalakis (1972). 


‘Etienne Louis Arthur Fallot (1850-1911): A French phy- 
sician (Marseilles). 
*Victor Eisenmenger (1864-1932): A German physician. 
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The Arteries 


After reaching the ventricles of the heart. 
blood is then propelled to all parts of the 
body through the arteries. Two large arteries 
leave the heart: the pulmonary trunk and the 
aorta. The pulmonary trunk divides into a 
right and left pulmonary artery, each of 
which courses transversely in the thorax to 
its corresponding lung. These vessels subdi- 
vide profusely within the lung tissue to form 
a capillary bed, which exchanges carbon 
dioxide in the blood for oxygen in the alve- 
oli. The pulmonary arteries, along with the 
pulmonary veins which return oxygenated 
blood to the left atrium, constitute the pul- 
monary circulation. The aorta and its many 
branches also ramify into capillary beds 
within all the body organs. These arteries 
and the veins returning blood to the heart 
form the systemic circulation. The continu- 
ous ramification of the systemic arteries re- 
sults in the distribution of capillaries to all 
the tissues except the nails, epidermis, cor- 
nea, mucous membranes, and most cartilage. 
These latter avascular structures receive 
their nourishment through the processes of 
diffusion. 

Arteries may show various patterns in 
their mode of branching. A short trunk may 
subdivide into several branches at the same 
point, such as occurs to the celiac and thyro- 
cervical trunks. Several branches may be 
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given off in succession and the main trunk 
continue, as in the arteries of the limbs. The 
division may be dichotomous as at the bifur- 
cation of the abdominal aorta into the com- 
mon iliac arteries. Although the branches of 
an artery are smaller than their trunk, the 
combined cross-sectional area of the two 
resulting arteries is generally greater than 
that of the parent trunk before the division. 
The combined cross-sectional area of all the 
arterial branches, therefore, greatly exceeds 
that of the aorta. It has been estimated that 
the total cross-sectional area of all the capil- 
laries in the body is nearly 1,000 times that of 
the aorta, from which they derive their arte- 
rial blood. 

Throughout the body generally the larger 
arterial branches pursue a fairly straight 
course, but at certain sites they are tortuous. 
The facial artery and the arteries supplying 
the lips, for example, are extremely tortuous, 
being accommodated to the movements of 
the parts. The uterine arteries also are coiled 
and tortuous, allowing them to accommo- 
date the increase in size that the uterus 
undergoes during pregnancy. The larger ar- 
teries usually are deeply placed and occupy 
other more protected locations such as along 
the flexor surface of the limbs where they 
are less exposed to injury. 

ANASTOMOSIS OF ARTERIES. Arterial 
branches do not always terminate in capil- 
laries. In many parts of the body they open 
into branches of other arteries of similar 
size, forming what are called anastomoses. 
Anastomosis may take place between larger 
arteries forming vascular arches such as 
those in the palm of the hand or the arcades 
of the intestines. At the base of the brain, the 
two vertebral arteries join to form the basi- 
lar artery, while branches from the two in- 
ternal carotid arteries and the basilar artery 
freely join to form the vital cerebral arterial 
circle of Willis.! More frequently, however, 
anastomoses form between smaller arteries 
of one millimeter or less in diameter. In the 
limbs, anastomoses are quite numerous 
around the joints, the branches of an artery 
above the joint uniting with branches of the 
vessels below. Definite patterns of anasto- 
mosis between neighboring arteries occur 
throughout the body, but in any single body 
all the different anastomoses that are de- 


‘Thomas Willis (1621-1675): An English physician 
(London). 
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Fig. 8-1. A schematic representation of the arterial system in the adult male. (From Benninghoff and Goerttler. 
Lehrbuch der Anatomie des Menschen, 10th Ed., Vol. 2, Urban & Schwarzenberg, 1975.) 


scribed will not be equally well developed 
nor will they be easily demonstrable at dis- 
section. 

COLLATERAL CIRCULATION. When the sup- 
ply of blood to the distal part of an artery 
that has been occluded is effected through 
anastomosis of its branches, the resulting 


vascular paths constitute a collateral circu- 
lation. It is frequently necessary for a sur- 
geon to tie off or ligate an artery in order to 
prevent excessive bleeding. The anastomo- 
ses with branches of adjacent arteries may 
be more numerous in one part of the artery 
than in another, and the surgeon will en- 
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deavor to place his ligature where advantage 
can be taken of the most numerous or effec- 
tive anastomoses. Collateral circulation may 
occur through anastomoses with branches of 
the proximal part of the same artery or with 
branches of a large neighboring artery. In 
some regions, the collateral circulation is 
free, as it would be if either the radial or 
ulnar artery of the forearm were ligated. At 
other sites the collateral circulation might be 
carried by small arteries only. If the vessels 
in a part of the body have sustained trauma, 
and the region can be placed at rest, a small 
flow of blood through small anastomosing 
channels will keep the tissues alive until the 
anastomoses expand. The arteries retain 
their power of growth throughout life, and 
over time a small anastomosing artery may 
enlarge into a main trunk, completely restor- 
ing the circulation to the initially injured 
region. 

Arteries in certain parts of the body lack 
anastomoses and are therefore called end 
arteries. When vessels such as these are 
blocked by thrombosis or embolism, the tis- 
sues of the region are left without blood sup- 
ply and become necrotic, resulting in a con- 
dition called an infarct. A prime example of 
an end artery is the central artery of the ret- 
ina, occlusion of which results in permanent 
blindness. The collateral circulation of ves- 
sels in other organs may exist only at the 
capillary level, and if a sudden blockage of a 
main artery occurs, degeneration of tissue 
results before revascularization is effective. 
Notwithstanding the free anastomosing of 
vessels on the surface of the brain, ineffec- 
tive collateral circulation exists in the sub- 
stance of the brain. Blockage of a vessel 
within the brain, therefore, causes the clini- 
cal features of stroke. Similar microcircula- 
tory conditions are found in other organs 
such as the lungs, kidneys, and spleen and at 
the transitional metaphyseal interface be- 
tween the diaphysis and epiphysis of a long 
bone. The capillaries of the heart do anasto- 
mose, but this condition becomes more pro- 
nounced as individuals age. These anasto- 
moses may not be capable of maintaining 
life if a major occlusion occurs in the heart 
of a young person, whereas a comparable 
occlusion in a much older person may be 
survived because of the years that the heart 
has had to develop anastomoses and collat- 
eral circulation. 


Development 
of the Arteries 


Blood vessels commence development 
within the mesoderm of the yolk sac and 
body stalk by the formation of blood islands 
as early as the third week (about 16 days). 
shortly thereafter, spaces appear within the 
islands, and the angioblasts become. ar- 
ranged in cords and form the endothelial lin- 
ings of the earliest vessels. These vascular 
channels then continue to enlarge by endo- 
thelial outgrowth and fuse with other nearby 
developing channels. 

The primordium of the aorta appears to- 
ward the end of the third week at about the 
same time as the heart (see Fig. 7-3). Two 
strands of cells arch dorsally from the endo- 
cardial mesenchyme, pass on each side of 
the foregut invagination, and turn caudally 
along the neural groove. The strands beside 
the foregut are the primordia of the first 
aortic arches and their continuations are the 
dorsal aortae. The latter acquire isolated 
stretches of lumen at the same time as the 
lateral hearts, i.e., in embryos with three 
somites. The arches become patent some 
time later, at seven or eight somites, just be- 
fore circulation begins. The umbilical ar- 
teries also probably arise independently 
from mesenchyme. After these main chan- 
nels have become connected and the circula- 
tion is established, however, no further 
growth appears to be by local differentiation 
from the mesenchyme. 

The circulation becomes functional when 
the first blood cells are washed out of the 
blood islands of the yolk sac at about the 
stage of nine somites, early in the fourth 
weck. At this time the heart is contracting 
vigorously, capillaries have connected the 
aortae with the blood islands which, in turn, 
drain into the vitelline veins, and the blood 
cells have elaborated hemoglobin. The um- 
bilical arteries and veins also have become 
connected, and oxygenation of the blood 
takes place in the primitive placenta. From 
this time forward, the circulatory system 
develops by budding from existing trunks, 
the formation of new capillary networks, 
and the selection of parts of the network as 
arteries and veins. As the bulk of an embry- 
onic part increases in size, the capillaries are 
lengthened. Soon the hemodynamic forces 


result in the selection of certain channels as 
arterioles and arteries and others as venules 
and veins. Later the pattern of the arteries 
and veins changes continually according to 
the growth requirements of the embryo. Not 
only do some vessels grow larger, but well- 
established vessels may be superseded by 
others more favorably placed and, in conse- 
quence, either regress or disappear. As the 
endocardial tubes fuse, beyond the pericar- 
dial cavity the ventral parts of the two aortae 
join to form the aortic sac. 

AORTIC ARCHES. The first aortic arch func- 
tions until the neural tube is closed and the 
pharynx begins to differentiate into pouches 
(Figs. 8-2; 8-3). As the second pharyngeal 
pouch forms, a sprout from the aortic sac 
joins the dorsal aorta passing between the 
first and second pouches. The first aortic 
arch diminishes as this second arch devel- 
ops (Figs. 8-4; 8-5). The third, fourth, and 
sixth arches are formed in a similar manner 
and disappear or become modified into vari- 
ous adult structures. The fifth arch is never 
more than a questionable rudiment in the 
human embryo. 
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By the time the embryo is 4 mm in length 
(toward the latter part of the fourth week), 
the first arch has about disappeared; the sec- 
ond arch has formed, reached its maximum 
development, and diminished in size; and 
the third arch is well developed (Figs. 8-4; 
8-5). Sprouts may be present for the fourth 
and pulmonary (sixth) arches. In a 5-mm 
embryo (beginning of the fifth week), the 
third and fourth arches have reached a max- 
imum and the dorsal and ventral sprouts of 
the pulmonary or sixth arches are nearly 
joined (Figs. 8-6; 8-7). The pulmonary arches 
are usually complete in a 6-mm embryo 
(middle of the fifth week). The right one 
soon begins to regress and by the end of the 
fifth week has disappeared in 12- to 13-mm 
embryos. The third arches also have become 
incomplete by this time (Figs. 8-8; 8-9; 8-10). 

Although the aortic arches do not persist 
as such, remnants of them remain as impor- 
tant parts of the arterial system (Fig. 8-11). 
The first arch, even at the earliest stages, has 
an extension into the region of the forebrain, 
the primordium of the internal carotid artery 
(Figs. 8-5; 8-7). The first arch disappears and 








Loa 
Peo 


‘ye een || \ 


em 1st pharyngeal pouch 


Arterial trunk —sy 


= 


Myotome 


UPR \™ wr 
Ay RY Liye 


Fics. 8-2 and 8-3. Ventral and lateral views of the cranial portion of the arterial system at about the end of the third 
week in a human embryo of 3 mm. The first aortic arch is at its maximum development and the dorsal and ventral 
outgrowths, which are to aid in the formation of the second arch, are just appearing. (From Congdon, 1922.) 
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FiGS. 8-4 and 8-5. 


Ventral and lateral views of an embryo, 4mm in length, near the end of the fourth week. 
The first arch has receded, the second is much reduced, and the third well developed. Dorsal and ventral outgrowths 
for the fourth and probably the pulmonary arch (sixth) are present. (From Congdon, 1922.) 
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Figs. 8-6 and 8-7. Ventral and lateral views of a 5-mm embryo during the early part of the fifth week. The third and 
fourth arches are in a condition of maximum development. The dorsal and ventral sprouts for the pulmonary arches 


have nearly met, and the primitive pulmonary arches are already of considerable length. (From Congdon. 1922.) 
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Figs. 8-8 and 8-9. Ventral and lateral views of an 11-mm embryo estimated to be between 33 and 35 days old (about 5 
weeks). The pulmonary arches are complete and the right is already regressing. The third arch is bent cranially at its 
dorsal end. (From Congdon, 1922.) 
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Fic. 8-10. Lateral view of a 14-mm embryo estimated to be between five and six weeks old. The last indications of 
the aortic arch system are just disappearing. (From Congdon, 1922.) 
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Fig. 8-11. Schematic drawings illustrating the changing nature of the truncus arteriosus, aortic sac, aortic arch 
arteries, and the dorsal aorta. The vessels that are not shaded or colored are not derived from these structures. A. The 
first two pairs of aortic arch arteries have largely disappeared. B. The carotid and subclavian vessels are forming. The 
parts of the dorsal aortae and aortic arches that normally disappear are indicated with broken lines. C. The arterial 
arrangement after the second prenatal month. D. Sketch of the arterial vessels of a 6-month-old infant. (From Moore, 
K. L., The Developing Human, W. B. Saunders Co., 1973.) 


the primitive carotid becomes a cranial con- 
tinuation of the dorsal aorta. The second 
arch (or hyoid arch artery) also disappears 
early, but its dorsal end gives rise to the 
stapedial artery, which atrophies in man but 
persists in some mammals. Passing through 
the ring of the stapes, the stapedial artery 
divides into supraorbital, infraorbital, and 
mandibular branches, which follow the 
three divisions of the trigeminal nerve. The 
infraorbital and mandibular arise from a 
common stem, the terminal part of which 
anastomoses with the external carotid. On 
the obliteration of the stapedial artery, this 
anastomosis enlarges and forms the maxil- 
lary artery. The common stem of the infraor- 
bital and mandibular branches passes be- 
tween the two roots of the auriculotemporal 
nerve and becomes the middle meningeal 
artery. The original supraorbital branch of 
the stapedial artery remains as the small 
orbital branches of the middle meningeal. 
The third (or carotid) arch forms the com- 
mon carotid artery and the first part of the 
internal carotid artery. The proximal seg- 
ment of this arch is connected with the 
aortic sac and persists as the common Ca- 
rotid. The remainder of the internal carotid 
forms from the cranial extension of the dor- 
sal aorta (Fig. 8-11, A and B). The manner of 
formation of the external carotid artery is 
not well understood, but portions of it may 
be contributed by each of the first three 
arches. The arch itself persists, keeping its 
connection with the cranial extension of the 
dorsal aorta, but losing its connection cau- 
dally toward the fourth arch (Fig. 8-11, B). 
The left fourth arch persists and provides 
the basis for the adult arch of the aorta, 
which extends between the aortic sac and 
the ductus arteriosus. The right fourth arch 
persists as the proximal part of the right sub- 
clavian artery. Both fifth arch vessels are at 
best rudimentary and disappear early. The 
sixth arches are frequently referred to as the 
pulmonary arches. The proximal or ventral 
part of the right sixth arch persists as the 
right pulmonary artery, while the distal or 
dorsal part of it degenerates and disappears. 
The proximal part of the left sixth arch be- 
comes absorbed into the pulmonary trunk, 
forming the region of its bifurcation. The 
distal segment of the left sixth arch persists 
as the ductus arteriosus until after birth, at 
which time it contracts and gradually be- 
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comes fibrosed into the ligamentum arteri- 
osum (Fig. 8-11, C and D). 

DORSAL AORTAE. The two dorsal aortae 
remain separate for a short time, but toward 
the end of the third week, at about the 3-mm 
stage, they fuse to form a single trunk caudal 
to the eighth or ninth somites. The segment 
of the aorta between the third and fourth 
arches disappears on both sides. The left 
dorsal aorta becomes the descending aorta, 
continuing caudally from the left fourth 
arch. The right dorsal aorta retains its conti- 
nuity with the left fourth arch, and the part 
that extends as far as the seventh interseg- 
mental artery becomes the right subclavian 
artery (Fig. 8-11, B to D). The part of the right 
dorsal aorta between the seventh interseg- 
mental artery and its original site of junction 
with the left dorsal aorta disappears (Fig. 
8-11, B). A slight constriction called the 
aortic isthmus is frequently seen in that part 
of the aorta between the origin of the left 
subclavian and the attachment of the ductus 
arteriosus. A more serious congenital nar- 
rowing of the aorta at this site results in the 
malformation called coarctation of the 
aorta. 

Changes in the location of the heart during 
development produce certain changes in the 
aortic arches. The heart originally lies ven- 
tral to the most cranial part of the pharynx. 
It later recedes into the thorax, drawing the 
aortic arches with it. On the right side the 
fourth arch recedes to the root of the neck; 
on the left it is withdrawn into the thorax. 
The recurrent laryngeal branches of the 
vagus nerve originally pass caudal to the 
sixth or pulmonary arches. When the heart 
descends into the thorax, the nerves are 
pulled down by these arches. On the right 
side, however, the sixth arch disappears, al- 
lowing the nerve to slip up to the next arch 
(i.e., the fourth, because the fifth arch also 
disappears), and it thus loops around the 
adult right subclavian artery. On the left side 
the sixth arch becomes the ductus arterio- 
sus, which in the adult is represented by the 
ligamentum arteriosum. This explains why 
the left recurrent laryngeal nerve loops 
around the ligamentum arteriosum at the 
part of the aorta to which the ligamentum is 
attached. 

SUBCLAVIAN AND VERTEBRAL ARTERIES. Seg- 
mental arteries arise from the primitive dor- 
sal aortae and anastomose between succes- 
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sive segments (Figs. 8-7; 8-9). The seventh 
segmental artery is of special interest be- 
cause it forms the lower end of the vertebral 
artery and, when the forelimb bud appears, 
sends a branch to it which becomes the sub- 
clavian artery. From the paired seventh seg- 
mental arteries the entire left subclavian and 
the greater part of the right subclavian are 
formed. The second pair of segmental ar- 
teries accompanies the hypoglossal nerves to 
the brain and is named the hypoglossal ar- 
teries. Each sends forward a branch which 
forms the cerebral part of the vertebral ar- 
tery and anastomoses with the posterior 
branch of the internal carotid. The two ver- 
tebrals unite on the ventral surface of the 
hindbrain to form the basilar artery. Later 
the hypoglossal artery atrophies and the ver- 


Artery of ulnar nerve -— 
(Sup. ulnar collateral a.) 


Superficial ulnar 


(Ulnar recurrent a.) 


Artery of median 
nerve 


Ulnar a. 


Axis artery 
{Ant. interosseous a.) 


Superficial 
palmar arch” 









tebral is connected with the first segmental 
artery. The cervical part of the vertebral is 
developed from a longitudinal anastomosis 
between the first seven segmental arteries, so 
that the seventh of these ultimately becomes 
the source of the artery. As a result of the 
growth of the upper limb, the subclavian ar- 
tery increases greatly in size, and the verte- 
bral then appears to spring from it. 
Several segmental arteries contribute 
branches to the upper limb bud and form in 
it a free capillary anastomosis. Of the seg- 
mental branches, only one, that derived 
from the seventh segmental artery, persists 
to form the subclavian artery. The subcla- 
vian artery is prolonged into the upper limb 
during its development and becomes its arte- 
rial stem. Although this axis artery (Fig. 8-12) 
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FiG 8-12. Diagram illustrating the embryonic pattern and subsequent development of the arteries to the upper limb. 


Names in parentheses refer to the adult structures. 


is a continuous vessel, its parts are named 
topographically subclavian, axillary, and 
brachial as far as the forearm. The direct 
continuation of the axis artery in the fore- 
arm is the anterior interosseous artery. A 
branch that accompanies the median nerve, 
called the median artery, soon increases in 
size and forms the main vessel of the fore- 
arm, while the anterior interosseous dimin- 
ishes. Later the radial and ulnar arteries are 
developed as branches of the brachial part 
of the stem and, coincidentally with their 
enlargement, the median artery recedes. 
Occasionally the median artery persists as a 
vessel of some considerable size and accom- 
panies the median nerve into the palm of the 
hand. 

DESCENDING aorta. The segmental ar- 
teries caudal to the seventh develop around 
the body wall, retaining their segmental 
character and becoming the intercostal and 
lumbar arteries. In the early embryo, paired 
ventral branches of the aorta grow out on 
the yolk sac as the vitelline arteries. At its 
caudal end, the ventral branches accompa- 
nying the allantois become the umbilical ar- 
teries. As the gut develops, a number of ven- 
tral visceral branches grow into it. At first 
these are paired, but with the formation of a 
mesentery the pairs fuse into single stems. 
These ventral branches are _ irregularly 
spaced, and by a process of shifting along a 
rich anastomosis, the three main trunks, the 
celiac, the superior, and the inferior mesen- 
teric, are finally selected. Lateral branches of 
the aorta grow into the mesonephros. The 
long course of the testicular and ovarian ar- 
teries is the result of the caudal migration of 
the gonads after their arteries had become 
established. Later similar lateral branches 
grow into the suprarenal glands and the kid- 
neys. In this manner the suprarenal and 
renal arteries develop. 

The primary arterial trunk or axis artery 
of the embryonic lower limb arises from the 
dorsal root of the umbilical artery and 
courses along the posterior surface of the 
thigh, knee and leg (Fig. 8-13). The femoral 
artery springs from the external iliac and 
forms a new channel along the anterior as- 
pect of the thigh to its communication with 
the axis artery above the knee. As this chan- 
nel increases in size, that part of the axis ar- 
tery (called the ischiadic artery) proximal to 
the communication disappears, except its 
upper end, which persists as the inferior glu- 
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teal artery. Two other segments of the axial 
artery persist: one forms the proximal part 
of the popliteal artery, and the other forms a 
part of the peroneal artery (Fig. 8-13). 


Pulmonary 
Arterial Vessels 


The pulmonary arterial vessels convey 
deoxygenated blood, i.e., venous blood, from 
the right ventricle of the heart to the lungs. 
Consistent with the relatively thin wall of 
the right ventricle in comparison to that of 
the left ventricle, the pulmonary arterial ves- 
sels also have walls only one-third the thick- 
ness of vessels of comparable size in the sys- 
temic arterial circulation. This is explained 
by the differences in blood pressure within 
the pulmonary and systemic arterial vessels. 
In a young adult, the systolic pressure in 
the systemic arteries is about 120 mm Hg, 
whereas in the pulmonary arterial vessels 
the systolic pressure averages between 20 
and 25mm Hg. 

The pulmonary arterial vessels decrease 
in diameter as they divide. The large pulmo- 
nary trunk, which originates in the right ven- 
tricle, divides into two pulmonary arteries, 
one directed to each lung. These vessels di- 
vide and then subdivide in association with 
the bronchi, eventually to send arteries to all 
of the bronchopulmonary segments that 
form the different lobes of each lung. 


PULMONARY TRUNK 


The pulmonary trunk (see Figs. 7-24; 7-25; 
8-14) arises from the conus arteriosus of the 
right ventricle at the pulmonary orifice. 
Being short (5 cm in length) and 3 cm wide in 
diameter, and ascending obliquely back- 
ward, it passes at first in front of and then to 
the left of the ascending aorta. In the 
rounded concavity of the aortic arch at 
about the level of the fibrocartilage between 
the fifth and sixth thoracic vertebrae, the 
pulmonary trunk divides into right and left 
pulmonary arteries which are of nearly 
equal size. 


RELATIONS. [he entire pulmonary trunk is con- 
tained within the pericardium. It is enclosed with the 
ascending aorta in a single tube of the visceral layer 
of the serous pericardium, which is continued up- 
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Fic. 8-13. A diagram illustrating the general development of the arteries of the lower limb. The letter P indicates the 
position of the popliteus; T, that of the tibialis posterior; H, that of the flexor hallucis longus. (From Senior, 1919.) 


ward upon them from the base of the heart. The 
fibrous layer of the pericardium is gradually lost 
upon the external coats of the two pulmonary ar- 
teries. Anteriorly, the pulmonary trunk is separated 
from the sternal end of the second left intercostal 
space by the pleura and left lung, in addition to the 
pericardium. Initially, the pulmonary artery lies ven- 
tral to the ascending aorta, and a bit more superi- 
orly, it lies anterior to the left atrium, at a plane be- 
hind the ascending aorta. On each side of its origin 
is the auricle of the corresponding atrium and a cor- 
onary artery. In the first part of its course, the left 
coronary artery passes behind the pulmonary trunk. 


The superficial part of the cardiac plexus lies above 
its bifurcation, between it and the arch of the aorta. 


RIGHT PULMONARY ARTERY. The right pul- 
monary artery (Fig. 8-14) is longer and 
slightly larger than the left. Originating at 
the bifurcation of the pulmonary trunk, it 
curves around the ascending aorta and pro- 
ceeds horizontally to the right. In its course 
toward the lung, the right pulmonary artery 
lies behind the aorta and superior vena cava 
and in front of the right bronchus. At the 
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Fic. 8-14. The arch of the aorta, and its branches. (Insert: Plan of the branches.) 


root of the lung it divides into one large 
branch, the anterior trunk, which is the prin- 
cipal but not the only artery to the superior 
lobe of the right lung, and a somewhat larger 
interlobar branch (Fig. 8-15). The principal 
vessel to the superior lobe of the right lung 
crosses in front of the superior lobe bron- 
chus, which in consequence is frequently 
called the eparterial bronchus. The interlo- 
bar trunk, after sending one or more other 
branches to the superior lobe, furnishes the 
middle and inferior lobe arteries. 

The anterior trunk divides into apical, 
posterior, and anterior segmental arteries, 
which supply the respective bronchopul- 
monary segments of the upper lobe. Both the 


anterior and posterior segmental arteries 
split into ascending and descending branches 
(Fig. 8-15). 

The interlobar trunk lies near the bottom 
of the horizontal fissure that separates the 
superior and middle lobes. It represents the 
continuation of the pulmonary artery as far 
as the origin of the middle lobe artery, and it 
supplies one or two important ascending 
branches to the posterior segment of the su- 
perior lobe. These latter vessels arise from 
the interlobar trunk more deeply in the hori- 
zontal fissure and beyond the site where the 
anterior trunk branches to ascend to the 
upper lobe. 

The middle lobe artery is shown (Fig. 8-15) 
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FiG. 8-15. Diagram showing relation of the branches of the pulmonary artery to the bronchi. (Redrawn after Boyden, 


Segmental Anatomy of the Lungs, 1955.) 


as a single artery dividing into a medial and 
a lateral segmental artery, but it is quite 
common for the two segmental arteries to 
arise separately. The lateral segmental artery 
divides into a posterior and an anterior 
branch, which supply the lateral broncho- 
pulmonary segment of the middle lobe. The 
medial segmental artery, which supplies the 
medial bronchopulmonary segment of the 
middle lobe, divides into a superior and an 
inferior branch. 

The interlobar artery continues into the 
inferior lobe of the right lung. Its initial 
branch to the inferior lobe is the superior 
segmental artery, which supplies the supe- 
rior bronchopulmonary segment of that 
lobe. This vessel divides into a lateral 
branch and a superomedial branch. 

The interlobar artery terminates as the 
basal segmental artery, which supplies the 
four basal segments of the lower lobe. It 
branches into the medial basal, lateral 
basal, anterior basal, and posterior basal 
segmental arteries, each of which courses to 
its respective bronchopulmonary segment. 
The individual segmental arteries of these 
four basal segments are quite variable in 


their origin and in the number and size of 
accessory branches. 

LEFT PULMONARY ARTERY. The left pulmo- 
nary artery is shorter and somewhat smaller 
than the right. It courses horizontally to the 
left from the bifurcation of the pulmonary 
trunk, crossing in front of the descending 
aorta to lie anterior to the left primary bron- 
chus at the hilum of the left lung (Fig. 8-15). 
In the fetus, the left pulmonary artery is 
larger and more important than the right 
because from it branches the ductus arterio- 
sus. In the adult, the ductus has regressed to 
become a short fibrous cord, the ligamentum 
arteriosum, connecting the left pulmonary 
artery with the arch of the aorta just distal to 
the reflection of the pericardium (Figs. 8-14; 
8-16). To the left of the ligamentum arteri- 
osum is found the left recurrent nerve, and 
to the right of the ligamentum is located the 
superficial part of the cardiac autonomic 
plexus. Inferiorly the left pulmonary artery 
is joined to the superior left pulmonary vein 
by the ligament of the left vena cava. 

Although the left pulmonary artery has 
many similarities with the right, it differs in 
both general and specific details of branch- 
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Fic. 8-16. The ascending aorta and the coronary blood vessels on the sternocostal aspect of the heart. The pulmonary 
trunk and pulmonary valve have been removed. (Redrawn from Rauber-Kopsch.) 


ing. It tends to have more separate branches 
than the right. Within the oblique fissure, the 
left pulmonary artery gives off a series of 
vessels (from four to eight in number) to the 
upper lobe and does not have a common ves- 
sel comparable to the anterior trunk of the 
right pulmonary artery. Thus, there is no 
eparterial bronchus at the right hilum. 

The apical and posterior bronchopulmon- 
ary segments of the superior lobe, which 
some authors consider to be a single apico- 
posterior segment, are supplied by separate 
apical and posterior arteries. The apical seg- 
mental artery arises from the anterior sur- 
face of the left pulmonary artery as the latter 
arches over the bronchus, and from there the 
apical segmental artery runs along the bron- 
chus. Rather than a single vessel, there may 
be two or more branches, one of which may 
combine with branches to the posterior or 
anterior segments. The posterior segmental 
artery arises distal to the apical vessel and 
continues along the bronchus to the poste- 
rior segment. The anterior segmental artery 


may be single or multiple, arising from the 
superior part of the arched portion of the 
main artery. Frequently, this segmental ar- 
tery may have both ascending and descend- 
ing branches. 

The remainder of the left pulmonary ar- 
tery is named the interlobar portion, and it, 
in fact, supplies the two lingular broncho- 
pulmonary segments of the superior lobe 
and all five of the segments of the inferior 
lobe. 

The lingular artery arises from the ante- 
rior or medial part of the interlobar artery, 
usually as asingle branch. It quickly divides 
into superior and inferior lingular segmen- 
tal arteries, which course to the two lingular 
segments of the superior lobe. At times these 
vessels may arise directly from the interlo- 
bar portion as separate arteries. 

The superior segmental artery of the left 
inferior lobe arises unexpectedly from the 
interlobar artery between the origin of the 
apical and posterior arteries (or apicopos- 
terior artery) of the superior lobe and that 
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of the lingular artery. It divides into three 
branches, which may combine with or sup- 
ply branches to other inferior lobe segments. 

The remainder of the interlobar artery 
continues as the basal artery. From this ves- 
sel branch the medial basal, lateral basal, 
anterior basal, and posterior basal segmen- 
tal arteries in a pattern somewhat similar to 
those of the inferior lobe of the right lung. 
Each of these basal segmental arteries sup- 
plies its bronchopulmonary segment. 


The Aorta 


The aorta is the main trunk of the systemic 
arteries which convey oxygenated blood to 
the tissues of the body. At its commence- 
ment from the aortic opening of the left ven- 
tricle, it is about 3 cm in diameter. It ascends 
toward the neck for about 5 cm, then arches 
posteriorly and to the left over the root of the 
left lung. It descends within the thorax on 
the left side of the vertebral column and, 
gradually inclining toward the midline, 
passes through the aortic hiatus of the dia- 
phragm into the abdominal cavity. Opposite 
the caudal border of the fourth lumbar ver- 
tebra and considerably diminished in size 
(about 1.75 cm in diameter), it bifurcates into 
the two common iliac arteries. The parts of 
the aorta are the ascending aorta, the arch of 
the aorta, and the descending aorta. The de- 
scending aorta is further divided into tho- 
racic and abdominal portions of the aorta. 


ASCENDING AORTA 


The ascending aorta (Fig. 8-15) is about 
53cm in length. It is contained within fibrous 
pericardium and covered by the visceral 
pericardium, which encloses it in a common 
sheath with the pulmonary trunk. It com- 
mences at the aortic opening found at the 
base of the left ventricle on a level with the 
lower border of the third costal cartilage 
posterior to the left half of the sternum. The 
ascending aorta initially curves obliquely to 
the right, being oriented along the axis of the 
heart. It ascends as high as the upper border 
of the second right costal cartilage, lying 
about 6cm deep to the inner surface of the 
sternum. At its origin, opposite the cusps of 
the aortic valve, are three small dilatations 
called the aortic sinuses. At the continuation 


of the ascending aorta into the aortic arch, 
the caliber of the vessel is increased by a 
bulging of its right wall, called the bulb of 
the aorta. 


RELATIONS. The commencement of the ascend- 
ing aorta is surrounded by the pulmonary artery and 
the right auricle, except anteriorly at the origin of the 
coronary artery (Fig. 8-14). More superiorly, its an- 
terior aspect is separated from the sternum by the 
pericardium, the right pleura, the anterior border of 
the right lung, some loose areolar tissue, and the 
remains of the thymus. Posteriorly it rests upon the 
left atrium and right pulmonary artery, behind which 
is the right principal bronchus. On the right side, the 
ascending aorta is related to the superior vena cava, 
which lies partly behind the aorta, and the right 
atrium. On the /eft side are the left atrium and the 
pulmonary trunk. 


The two arteries derived from the ascend- 
ing aorta are the vital right and left coronary 
arteries, which supply the musculature and 
other structures of the heart. 

RIGHT CORONARY aRTERY. The right coro- 
nary artery (Figs. 7-25; 7-26; 8-14; 8-16 to 8-18) 
arises from the aorta behind the right (ante- 
rior) aortic sinus (of Valsalva). It passes to 
the right and toward the apex, between the 
conus arteriosus and right auricle, into the 
coronary sulcus. It follows the sulcus first to 
the right around the right margin of the heart 
and then to the left on the diaphragmatic 
surface. It ends in two or three branches 
beyond the interventricular sulcus. In its 
course it supplies small branches to the right 
atrium, to the right ventricle by way of its 
marginal branch, and to both ventricles on 
their diaphragmatic surface by means of the 
posterior interventricular branch. 

The atrial branches of the right coronary 
artery are directed superiorly to the muscu- 
lature of the right atrium. One of these, the 
sinoatrial nodal artery, passes between the 
right atrium and the superior vena cava to 
supply the sinoatrial node. 

The marginal branch is quite large and 
arises from the main artery at the right mar- 
gin of the heart, and courses along the sur- 
face of the right ventricle, along the acute 
margin, to the apex. It terminates beyond the 
apex on the posterior surface of the right 
ventricle. Thus, the marginal branch sup- 
plies both the anterior and posterior surfaces 
of the right ventricle. 

The posterior interventricular branch of 
the right coronary artery courses down the 
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Fic. 8-17. The coronary blood vessels of the diaphragmatic aspect of the heart. (Redrawn from Rauber-Kopsch.) 


posterior interventricular sulcus two-thirds 
of the way to the apex, supplying branches 
to both ventricles as it descends. It anasto- 
moses with the anterior interventricular 
branch of the left coronary artery near the 
apex. 

LEFT CORONARY ARTERY. The left coronary 
artery (see Figs. 7-25; 7-26; 8-14; 8-16 to 8-18) 
arises from the aorta behind the left (left 
posterior) aortic sinus (of Valsalva). After a 
short course under cover of the left auricle, 
it bifurcates into the anterior interventricu- 
lar branch and the circumflex branch. In 
those instances in which the right coronary 
artery does not supply the sinoatrial node, a 
small sinoatrial nodal branch may be given 
off by the left coronary artery near its origin. 

The anterior interventricular branch of 
the left coronary artery passes to the left be- 
tween the pulmonary trunk and the left auri- 
cle to the anterior interventricular sulcus, 
which it follows to the apex, supplying 
branches to both ventricles. It anastomoses 


with the posterior interventricular branch of 
the right coronary artery. 

The circumflex branch of the left coronary 
artery follows the left part of the coronary 
sulcus, running first to the left and then, 
around the left margin, it courses backward 
to the diaphragmatic surface of the heart 
and to the right, reaching nearly as far as the 
posterior interventricular sulcus. It supplies 
branches to the left atrium and ventricle. It 
anastomoses with the right coronary artery. 


VARIATIONS. The left coronary artery or its de- 
scending branch supplying the left ventricle may 
arise from the left pulmonary artery. This anomaly 
can be diagnosed clinically and usually leads to 
death in infancy. Rarely both coronaries arise from 
the pulmonary artery. — 

Single coronary arteries have been described. The 
left coronary may be a branch of the right or both 
arteries may arise in the same aortic sinus. There 
may be three coronary arteries, the accessory vessel 
giving off some of the branches usually derived from 
the normal coronary arteries. 
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The coronary arteries (in red) and the cardiac veins (in black), The more intensely colored vessels are 


shown on the sternocostal surface of the heart, while those on the diaphragmatic surface are shown in lighter shades. 


Three patterns of distribution of the coronary 
arteries have been described. In half the hearts, the 
right coronary predominates; in a third, the two ves- 
sels are equally balanced; and in the rest, the left 
coronary predominates. The sinuatria/ node is sup- 
plied by a branch of the right coronary in 70%, by 
the left in 25%, by both in 7%. The atrioventricular 
node is supplied by the right in 92%. The right atrio- 
ventricular bundle branch generally is supplied by 
the anterior interventricular branch of the left coro- 
nary; the /eft bundle branch comes from septal 
branches of the left coronary artery and small ves- 
sels from the right coronary artery (Gregg, 1950). 


ARCH OF THE AORTA 


The arch of the aorta (Figs. 8-14; 8-16) be- 
gins at the level of the upper border of the 
right second sternocostal articulation and 
runs at first upward, backward, and to the 
left, anterior to the trachea. It is then di- 
rected posteriorly on the left side of the tra- 
chea and finally curves downward to the left 
side of the body of the fourth thoracic verte- 
bra, at the caudal border of which it be- 
comes the descending aorta. It thus forms 
two curvatures: one with its convexity orien- 
ted superiorly, the other with its convexity 
directed anteriorly and to the left. The upper 
border of the aortic arch reaches superiorly 


to about the middle of the manubrium, and 
the entire arch, which measures about 
4.5cm in length, is contained within the 
lower half of the superior mediastinum. 


RELATIONS. Anteriorly, the arch of the aorta is 
covered by the pleura, the anterior margins of the 
lungs, and by the remains of the thymus. As the 
vessel courses posteriorly, its /eft side is in contact 
with the left lung and left mediastinal pleura. Addi- 
tionally, to the left of the aortic arch are four nerves 
coursing downward in the thorax. In order, i.e., from 
front to back, these are the left phrenic, the inferior 
cervical cardiac branch of the left vagus, the supe- 
rior cervical cardiac branch of the left sympathetic, 
and the trunk of the left vagus nerve. As the left 
vagus nerve crosses the arch, it gives off its recur- 
rent branch, which hooks around the vessel and 
then passes superiorly on its right side. The left su- 
perior intercostal vein runs obliquely on the left side 
of the arch, between the phrenic and vagus nerves. 
On the right side of the aortic arch are the deep car- 
diac plexus, the right recurrent nerve, the esopha- 
gus, and the thoracic duct. The trachea lies posterior 
to and to the right of the vessel. Superiorly are the 
brachiocephalic, left common carotid, and left sub- 
clavian arteries, all of which arise from the convexity 
of the arch and are crossed close to their origins by 
the left brachiocephalic vein. /nferiorly are the bifur- 
cation of the pulmonary trunk, the left principal 
bronchus, the ligamentum arteriosum, the superfi- 
cial cardiac plexus, and the left recurrent nerve. As 


stated above, the ligamentum arteriosum connects 
the pulmonary artery near its commencement to the 
aortic arch. 

Between the origin of the left subclavian artery 
and the attachment of the ductus arteriosus, the 
lumen of the aorta in the fetus is considerably nar- 
rowed, forming what is termed the aortic isthmus, 
while immediately beyond the ductus arteriosus the 
vessel presents a fusiform dilation which has been 
called the aortic spindle. The point of junction of 
the two parts is marked in the concavity of the arch 
by an indentation or angle. This situation persists to 
some extent in the adult, in whom the average diam- 
eter of the spindle exceeds that of the isthmus by 
about 3 mm. 

VARIATIONS IN THE COURSE OF THE ARCH OF THE 
AORTA. The height to which the aorta ascends in the 
thorax is usually about 2.5 cm below the cranial bor- 
der of the sternum. This may vary, however, and the 
summit of the aorta may not ascend as high as this 
site, or it may rise as high as the upper border of the 
sternum. Sometimes the aorta arches over the root 
of the right lung (right aortic arch) instead of the left, 
passing along the right side of the vertebral column, 
a condition that is normal in birds. In such cases, the 
thoracic and abdominal viscera are usually trans- 
posed. Less frequently the aorta, after arching over 
the root of the right lung, passes dorsal to the esoph- 
agus to reach its usual position on the left side of the 
vertebral column. This variation is not accompanied 
by transposition of the viscera. As in some quadru- 
peds, the aorta occasionally divides into an ascend- 
ing and a descending trunk. In these instances the 
ascending trunk is directed vertically upward and 
subdivides into three branches, which supply the 
head and upper limbs. Sometimes the aorta subdi- 
vides near its origin into two branches, which soon 
reunite. When this variation occurs, the esophagus 
and trachea are found to pass through the interval 
between the two branches. This is the normal condi- 
tion of the vessel in the reptilian class of vertebrates. 


BRANCHES FROM THE ARCH OF THE AORTA. 
Arising from the aortic arch are vessels that 
principally supply the neck, head, upper ex- 
tremity, and, to some extent, the upper tho- 
racic wall. In 83 to 94% of cadavers, there are 
three branches derived from the arch of the 
aorta: the brachiocephalic trunk, the left 
common carotid artery, and the left subcla- 
vian artery (Fig. 8-14). The latter two vessels 
will be discussed with the vasculature of the 
head, neck, and upper extremity. The brach- 
iocephalic trunk will be described following 
a discussion of the possible variations in the 
branching pattern of these great vessels. 


VARIATIONS IN THE BRANCHING PATTERN OF THE 
ARCH OF THE AORTA. The branches may arise from 
the commencement of the arch or upper part of the 


665 


ascending aorta, instead of from the highest part of 
the arch. The distance between the branches at their 
origins may be increased or diminished, the most 
frequent change in this respect being the approxi- 
mation of the left common carotid artery toward the 
brachiocephalic trunk. 

The number of the primary branches may be re- 
duced to one, or more frequently two (7%), the left 
common carotid artery arising from the brachioce- 
phalic trunk. More rarely, the common carotid and 
subclavian arteries of the left side arise from a left 
brachiocephalic artery. The number of branches 
from the aortic arch may be increased to four when 
the right common carotid and subclavian arteries 
arise directly from the aorta, the brachiocephalic 
trunk being absent. In most instances the right sub- 
clavian has been found to be the first branch and to 
arise from the left end of the arch, but in a few speci- 
mens it is the second or third branch from the arch. 
Another variation in which there are four primary 
branches from the aortic arch is that in which the left 
vertebral artery arises from the arch between the left 
common carotid and subclavian arteries. Finally the 
number of trunks from the arch may be increased to 
five or six, in which cases the external and internal 
carotid arteries arise separately from the arch, the 
common carotid being absent on one or both sides. 
In a few instances both vertebral arteries have been 
found to arise from the aortic arch. 

When the aorta arches to the right side, the three 
branches have a reverse arrangement, with a brachi- 
ocephalic trunk coursing to the left and the right 
common carotid and subclavian arteries arising sep- 
arately. In other instances, when the aorta takes its 
usual course to the left, the two carotids may arise as 
a common trunk, with the subclavian arteries origi- 
nating separately from the arch and the right subcla- 
vian generally arising from the left end of the arch. 

In some instances, other arteries branch from the 
arch of the aorta. Of these the most common are one 
or both of the bronchial arteries and the thyroid 
ima artery. Although rarely seen, it has been re- 
ported that the internal thoracic and inferior thyroid 
arteries may arise from the aortic arch. 


BRACHIOCEPHALIC TRUNK 


The brachiocephalic trunk (formerly 
called the innominate artery) is the largest of 
the three branches arising from the arch of 
the aorta, and it measures 4 to 5cm in length 
(Fig. 8-14). It arises near the commencement 
of the arch of the aorta, on a plane anterior 
to the origin of the left carotid. At its origin 
the brachiocephalic trunk is positioned be- 
hind the manubrium sterni at about the level 
of the upper border of the right second cos- 
tal cartilage. The vessel courses superiorly, 
somewhat posteriorly, and obliquely to the 
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right to the level of the upper border of the 
right sternoclavicular articulation, where it 
divides into the right common carotid and 
right subclavian arteries. 


RELATIONS.  Anteriorly, the brachiocephalic 
trunk is separated from the manubrium sterni by the 
sternohyoid and sternothyroid muscles, the remains 
of the thymus, the left brachiocephalic and right in- 
ferior thyroid veins which cross its root, and some- 
times the cardiac branches of the right vagus. Poste- 
riorly lies the trachea, which the brachiocephalic 
trunk crosses obliquely. On the right side are the 
right brachiocephalic vein, the superior vena cava, 
the right phrenic nerve, and the pleura. On the /eft 
side are found the remains of the thymus, the origin 
of the left common carotid artery, the inferior thy- 
roid veins, and more superiorly, the trachea. 


The brachiocephalic trunk usually does 
not give off branches, but occasionally (in 
about 10% of cases) a small vessel, the thy- 
roid ima artery, arises from it. At times a thy- 
mic artery or bronchial artery may arise 
from the brachiocephalic trunk. 

THYROID IMA ARTERY. The thyroid ima ar- 
tery. when present, ascends anterior to the 
trachea to the inferior part of the thyroid 
gland, which it supplies. It varies greatly in 
size and appears to compensate for a defi- 
ciency or absence of one of the other thyroid 
arteries. It occasionally arises from the aorta 
on the right common carotid, subclavian, or 
internal thoracic arteries. 


VARIATIONS. The brachiocephalic trunk some- 
times divides above the level of the sternoclavicular 
joint, less frequently below it. It may be absent, in 
which case the right subclavian and the right com- 
mon carotid then arise directly from the aorta. When 
the aortic arch is on the right side, the brachioce- 
phalic trunk is directed toward the left. 


Arteries of the 
Head and Neck 


The principal arteries supplying the struc- 
tures of the head and neck are the two com- 
mon Carotids. These vessels, one on each 
side, ascend in the neck, and at the level of 
the upper border of the thyroid cartilage (of 
the larynx) each divides into two branches. 
These branches are the external carotid ar- 
tery, which supplies the exterior of the head. 
the face, and the greater part of the neck, and 
the internal carotid artery, which supplies to 


a great extent the structures within the cra- 
nial and orbital cavities. The vertebral ar- 
teries, which branch from the subclavian 
arteries, also ascend in the neck and assist in 
supplying the brain. These will be described 
with the subclavian artery. 


COMMON CAROTID ARTERY 


The common carotid arteries differ in 
length and in their mode of origin. The right 
common Carotid artery begins at the bifurca- 
tion of the brachiocephalic trunk behind the 
right sternoclavicular joint and is confined 
to the neck. The left common carotid artery 
branches from the highest part of the arch of 
the aorta immediately to the left and slightly 
behind the brachiocephalic trunk. It there- 
fore consists of a thoracic and a cervical por- 
tion. 

The thoracic portion of the left common 
carotid artery is 2.5 to 3.5cm in length and 
ascends from the arch of the aorta through 
the superior mediastinum to the level of the 
left sternoclavicular joint, where it becomes 
the cervical portion. 


RELATIONS. Anteriorly, the thoracic portion of the 
left common carotid artery is separated from the 
manubrium sterni by the sternohyoid and sterno- 
thyroid muscles, the anterior portions of the left 
pleura and lung, the left brachiocephalic vein, and 
the remains of the thymus. Posteriorly, the vessel is 
related to the trachea, esophagus, left recurrent la- 
ryngeal nerve, and thoracic duct. To its right side are 
the brachiocephalic trunk, the trachea, the inferior 
thyroid veins, and the remains of the thymus. To its 
left side are the left vagus and phrenic nerves, left 
pleura, and lung. The left subclavian artery is poste- 
rior and slightly lateral to the left common carotid 
artery in the thorax. 


The cervical portions of the two common 
carotid arteries resemble cach other so 
closely that one description will apply to 
both. Each vessel passes obliquely from be- 
hind the sternoclavicular articulation, to the 
level of the upper border of the thyroid car- 
tilage. where it divides into the external and 
internal carotid arteries (Figs. 8-19: 8-20: 
8-24). 

In the lower part of the neck the two com- 
mon carotid arteries are separated by a nar- 
row interval which contains the trachea. 
More superiorly in the neck, however, the 
thyroid gland, the larynx, and the pharynx 
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The triangles of the neck. The sternocleidomastoid muscle separates the anterior from the posterior 


triangle. Observe the course of the carotid arteries in the neck. 


project anteriorly between the two vessels. 
The common carotid artery is contained in 
the carotid sheath, which is derived from the 
deep cervical fascia. The sheath also en- 
closes the internal jugular vein and vagus 
nerve, the vein lying lateral to the artery, and 
the nerve between the artery and vein on a 
plane posterior to both vessels. When the 
sheath is opened, each of the structures is 
seen to have a separate fibrous investment. 


RELATIONS. Inthe /ower cervical region, the com- 
mon carotid artery lies quite deep, being covered by 
the integument, superficial fascia and platysma mus- 
cle, deep cervical fascia, and the sternocleido- 
mastoid, sternohyoid, sternothyroid, and omohyoid 
muscles. Above the superior belly of the omohyoid 
muscle, the common carotid artery is more superfi- 
cial, being covered only by the integument, the su- 


perficial fascia and platysma, deep cervical fascia, 
and the medial margin of the sternocleidomastoid 
muscle (Fig. 8-19). When this muscle is drawn back- 
ward, the artery is seen in a triangular space, the 
carotid triangle, bounded posteriorly by the sterno- 
cleidomastoid, superiorly by the stylohyoid and pos- 
terior belly of the digastric, and inferiorly by the su- 
perior belly of the omohyoid muscle (Fig. 8-19). This 
part of the artery is crossed obliquely, from its me- 
dial to its lateral side, by the sternocleidomastoid 
branch of the superior thyroid artery; it is also 
crossed by the superior and middle thyroid veins 
which flow into the internal jugular. Usually superfi- 
cial to the carotid sheath, but occasionally contained 
within it are the superior and inferior roots of the 
ansa cervicalis, which descend in the neck and 
form an interconnecting nerve loop from which the 
strap muscles of the neck are innervated (Fig. 8-20). 
The superior thyroid vein crosses the common Ca- 
rotid artery near its termination, and the middle thy- 
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Fic. 8-20. Superficial dissection of the right side of the neck showing the carotid and subclavian arteries and their 
branches. Note that the submandibular and parotid glands have been removed, as well as much of the sterno- 
cleidomastoid muscle and internal jugular veins in order to reveal the underlying arteries and nerves. 


roid vein crosses the artery a little below the level of 
the cricoid cartilage. The anterior jugular vein 
crosses the artery just above the clavicle, but is sepa- 
rated from it by the sternohyoid and sternothyroid 
muscles. Posteriorly, the artery is separated from the 
transverse processes of the fourth, fifth, and sixth 
cervical vertebrae by the longus colli and longus 
capitis muscles, the sympathetic trunk being inter- 
posed between the common carotid and the mus- 
cles. The inferior thyroid artery crosses behind the 
lower part of the common carotid artery. Medially, 
the common carotid artery courses in relation to the 
esophagus, trachea, thyroid gland (which overlaps 
it), larynx, and pharynx, the inferior thyroid artery 
and recurrent laryngeal nerve being interposed. Lat- 
era/ to the artery are the internal jugular vein and 
vagus nerve. 

In the lower neck the right recurrent laryngeal 
nerve crosses obliquely dorsal to the artery. The 
right internal jugular vein diverges from the artery in 
the lower neck, but the left vein approaches and 
often overlaps it. 


CAROTID BODY. The carotid body lies deep 
to the bifurcation of the common carotid ar- 
tery or somewhat between the two branches. 
It is a small, flattened, oval structure, 2 to 
9mm in diameter, with a _ characteristic 
structure composed of epithelioid cells, 
which are in close relation to capillary sinu- 
soids, and an abundance of nerve fibers. Sur- 
rounding the carotid body is a delicate fi- 
brous capsule. It is part of the visceral 
afferent system of the body, containing 
chemoreceptor endings that respond to low 
levels of oxygen in the blood or high levels 
of carbon dioxide and lowered pH of the 
blood. It is supplied by nerve fibers from 
both the glossopharyngeal and vagus nerves. 

CAROTID SINUS. The carotid sinus is a 
slight dilatation in the wall of the terminal 
portion of the common carotid artery and of 
the internal carotid artery at its origin. The 


dilatation extends for about 1cm in length 
and may be limited to the wall of the inter- 
nal carotid artery only. The carotid sinus is 
an important organ for the regulation of sys- 
temic blood pressure. Special receptorlike 
nerve endings capable of responding to al- 
terations in blood pressure are found in the 
arterial wall. The nerve fibers, which consti- 
tute the carotid branch of the glossopharyn- 
geal nerve, transmit these impulses to the 
medulla oblongata of the brain stem. Cardio- 
vascular reflex changes result from this 
homeostatic mechanism designed to return 
blood pressure to its more normal level by 
altering the rate of the heart beat. 


VARIATIONS. The right common carotid artery 
arises above the level of the superior border of the 
sternoclavicular joint in about 12% of cadavers. This 
vessel may arise as a separate branch from the arch 
of the aorta, or in conjunction with the left common 
carotid. The left common carotid artery varies 
more frequently in its origin than the right. In the 
majority of abnormal specimens, it arises with the 
brachiocephalic trunk; if the latter vessel is absent, 
the two common carotids may arise as a single 
trunk. The site of division of the common carotid 
artery into its external and internal branches may 
vary. More frequently this occurs higher than nor- 
mal (at about the level of the hyoid bone). More 
rarely division occurs more caudally, opposite the 
middle of the larynx or at the lower border of the 
cricoid cartilage. Very rarely, the common carotid 
ascends in the neck without dividing, and thus either 
the external or the internal carotid is absent. In a few 
instances the common carotid has been found to be 
absent, the external and internal carotids arising di- 
rectly from the arch of the aorta. 

The common carotid artery usually does not give 
off any branches before its bifurcation, but occasion- 
ally it does give origin to the superior thyroid or its 
laryngeal branch, the ascending pharyngeal, the in- 
ferior thyroid, or, more rarely, the vertebral artery. 

COLLATERAL CIRCULATION. After ligature of one 
common carotid, collateral circulation can become 
perfectly established, owing to the free communica- 
tion that exists between the carotid arteries of the 
two sides, both within the cranium and in the face 
and neck. Also there is enlargement of the branches 
of the subclavian artery on the side on which the 
common carotid artery has been tied. The chief com- 
munications outside the skull take place between the 
Superior and inferior thyroid arteries, and between 
the deep cervical branch of the costocervical trunk 
and the descending branch of the occipital artery. 
Within the cranium, the vertebral artery supplies 
blood to the branches of the ligated internal carotid 
artery. 
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External Carotid Artery 


The external carotid artery (Fig. 8-20) be- 
gins opposite the upper border of the thyroid 
cartilage, and passing upward, it curves 
somewhat anteriorly and then inclines pos- 
teriorly to the space behind the neck of the 
mandible, where, in the substance of the 
parotid gland, it divides into the superficial 
temporal and maxillary arteries. It rapidly 
diminishes in size in its course up the neck, 
owing to the number and large size of its 
branches. In the child, it is somewhat 
smaller than the internal carotid, but in the 
adult, the two vessels are of nearly equal 
size. At its origin, the external carotid is 
more superficial and nearer the midline than 
the internal carotid, and is contained within 
the carotid triangle. 


RELATIONS. Within the carotid triangle, the ex- 
ternal carotid artery lies deep to the skin, superfi- 
cial fascia, platysma, deep fascia, and anterior mar- 
gin of the sternocleidomastoid muscle. It is crossed 
by the hypoglossal nerve and its vena comitans and 
by the lingual, facial, and superior thyroid veins. 
Just above the carotid triangle it lies deep to the 
posterior belly of the digastric and stylohyoid mus- 
cles. More superiorly, it penetrates into the sub- 
stance of the parotid gland, where it lies deep to the 
facial nerve and the junction of the superficial tem- 
poral and maxillary veins. Medial (or deep) to the 
artery are found initially the hyoid bone, the wall of 
the pharynx, and the superior laryngeal nerve. More 
superiorly it is separated from the internal carotid 
artery by the styloglossus and stylopharyngeus mus- 
cles, the glossopharyngeal nerve, the pharyngeal 
branch of the vagus nerve, and part of the parotid 
gland. 


Branches of the 
External Carotid Artery 


Eight branches arise from the external 
carotid artery, usually in the following 
order: 


Superior thyroid 
Ascending pharyngeal 
Lingual 

Facial 

Occipital 

Posterior auricular 
Superficial temporal 
Maxillary 
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SUPERIOR THYROID ARTERY 


The superior thyroid artery (Figs. 8-20: 
8-21; 8-24) arises from the anterior aspect of 
the external carotid artery just caudal to the 
level of the greater horn of the hyoid bone 
and ends in the thyroid gland. In 16% of ca- 
davers the superior thyroid artery arises 
from the common carotid artery. From its 
origin deep to the anterior border of the 
sternocleidomastoid muscle, it initially 
courses upward and forward for a short dis- 
tance in the carotid triangle, where it is cov- 
ered by the skin, platysma, and fascia. The 
superior thyroid artery then arches down- 
ward deep to the omohyoid, sternohyoid, 
and sternothyroid muscles. To its medial 
side are the inferior pharyngeal constrictor 
muscle and the external branch of the supe- 
rior laryngeal nerve. 


Branches of the 
Superior Thyroid Artery 


The superior thyroid artery distributes 
small vessels to adjacent muscles, and usu- 
ally two main branches to the thyroid gland. 
One of these. the anterior branch, is larger 
and supplies principally the ventral surface 
of the gland. At the isthmus of the thyroid 
gland, the anterior branch anastomoses with 
the corresponding artery of the opposite 
side. Also coursing to the thyroid gland is 
the posterior branch, which descends on the 
dorsal surface of the gland and anastomoses 
with the inferior thyroid artery. 

In addition to the glandular branches and 
small muscular twigs, the branches of the 
superior thyroid are: 


Infrahyoid 
Sternocleidomastoid 
Superior laryngeal 
Cricothyroid 


INFRAHYOID BRANCH. ‘The _ infrahyoid 
branch of the superior thyroid artery is 
small and runs along the lower border of the 
hyoid bone (Fig. 8-20). It lies on the thyrohy- 
oid membrane, deep to the thyrohyoid mus- 
cle, and anastomoses with the suprahyoid 
branch of the lingual artery and with the 
infrahyoid branch of the opposite side. 

STERNOCLEIDOMASTOID BRANCH. ‘The ster- 
nocleidomastoid branch of the superior thy- 
roid artery courses downward and laterally 
across the carotid sheath and supplies the 


middle part of the sternocleidomastoid mus- 
cle and neighboring muscles and integument 
(Fig. 8-24). It frequently arises as a separate 
branch from the external carotid artery. 

SUPERIOR LARYNGEAL ARTERY. The supe- 
rior laryngeal artery, larger than either of the 
preceding, passes medially and accompanies 
the internal laryngeal branch of the superior 
laryngeal nerve, deep to the thyrohyoid mus- 
cle (Fig. 8-21). It pierces the thyrohyoid mem- 
brane and supplies the muscles, mucous 
membrane, and glands of the larynx, anasto- 
mosing the inferior laryngeal branch of the 
inferior thyroid artery with the superior 
laryngeal artery from the opposite side. It 
sometimes (13%) arises separately from the 
external carotid. 

CRICOTHYROID BRANCH. The cricothyroid 
branch of the superior laryngeal artery is 
small and runs transversely across the crico- 
thyroid membrane, anastomosing with the 
artery of the opposite side (Figs. 8-20; 8-24). 


ASCENDING PHARYNGEAL ARTERY 


The ascending pharyngeal artery (Figs. 
8-20; 8-23; 8-24) is the smallest branch of the 
external carotid artery. Being a long, slender 
vessel, it is deeply placed in the neck, dorsal 
to the other branches of the external carotid 
and to the stylopharyngeus. It arises from 
the posterior part of the external carotid ar- 
tery, near the origin of that vessel, and as- 
cends vertically to the inferior surface of the 
base of the skull, between the internal ca- 
rotid and the side of the pharynx. anterior to 
the longus capitis muscle. In 14% of cadavers 
it arises from the occipital artery, and occa- 
sionally it may arise from the internal ca- 
rotid artery. 


Branches of the 
Ascending Pharyngeal Artery 


The branches of this vessel are small and 
somewhat variable. In its ascent, it helps to 
supply the pharynx. the soft palate, the rec- 
tus capitis and longus capitis muscles, the 
superior cervical ganglion, the medial wall 
of the tympanic cavity, and the dura mater 
covering the brain. It anastomoses with the 
ascending palatine branch of the facial ar- 
terv. Its branches are: 


Pharyngeal 
Palatine 


Prevertebral 
Inferior tympanic 
Meningeal 


PHARYNGEAL BRANCHES. ‘Three or four 
pharyngeal branches arise from the ascend- 
ing pharyngeal artery. These supply the su- 
perior and middle constrictor muscles, as 
well as the mucous membrane lining the 
pharynx. One branch supplies the stylopha- 
ryngeus muscles. These branches anasto- 
mose with vessels from the superior thyroid 
artery. 

PALATINE BRANCH. The palatine branch 
(which is considered by some authors as one 
of the pharyngeal branches) may take the 
place of the ascending palatine branch of the 
facial artery, when that vessel is small. It 
passes beyond the upper border of the supe- 
rior constrictor muscle and sends ramifica- 
tions to the soft palate and tonsil, supplying 
also a branch to the auditory tube. 

PREVERTEBRAL BRANCHES. ‘These are nu- 
merous small vessels that supply the longus 
capitis and longus colli muscles, the sympa- 
thetic trunk, the hypoglossal and vagus 
nerves, and a number of the deep cervical 
lymph nodes. These small arteries anasto- 
mose with the ascending cervical branch of 
the inferior thyroid artery. 

INFERIOR TYMPANIC ARTERY. ‘The inferior 
tympanic artery is a small vessel that passes, 
with the tympanic branch of the glossopha- 
ryngeal nerve, through a minute foramen, 
the tympanic canaliculus, in the petrous por- 
tion of the temporal bone. Entering the mid- 
dle ear, it supplies the medial wall of the 
tympanic cavity and anastomoses with the 
other tympanic arteries. 

MENINGEAL BRANCHES. Several small me- 
ningeal vessels branch from the ascending 
pharyngeal artery to supply the dura mater. 
One, the posterior meningeal artery, enters 
the cranium through the jugular foramen; a 
second passes through the foramen lacerum; 
and occasionally a third passes through the 
canal for the hypoglossal nerve. 


LINGUAL ARTERY 


The lingual artery (Figs. 8-20; 8-24) arises 
from the external carotid between the supe- 
rior thyroid and facial arteries, opposite the 
tip of the greater horn of the hyoid bone. 
Supplying structures in the floor of the oral 
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cavity, it is the principal artery to the tongue. 
Initially it courses obliquely upward and 
medially above the greater horn of the hyoid 
bone. It then curves downward and anteri- 
orly to form a loop, which is crossed by the 
hypoglossal nerve. Coursing deep to the pos- 
terior belly of the digastric and stylohyoid 
muscles, the lingual artery then runs hori- 
zontally under cover of (i.e., medial to) the 
hyoglossus muscle to ascend perpendicu- 
larly to the tongue. The artery then turns 
anteriorly as the deep lingual artery and 
courses along the inferior surface of the 
tongue as far as the tip. 

Frequently, the lingual and facial arteries 
arise as a common vessel, the linguofacial 
trunk, from the external carotid artery. The 
trunk courses a short distance superomedi- 
ally before dividing into the lingual and fa- 
cial arteries. 


RELATIONS. The first (or oblique) part of the lin- 
gual artery lies superficially and is contained within 
the carotid triangle. It rests on the middle pharyn- 
geal constrictor muscle and is covered by the skin, 
platysma, and fascia of the neck. Its second (or 
curved) part also rests on the middle pharyngeal 
constrictor, being covered at first by the tendon of 
the digastric muscle and by the stylohyoid muscle, 
and more anteriorly by the hyoglossus. Its third (or 
horizontal) part lies between the hyoglossus and 
genioglossus. The fourth (or terminal) part of the 
vessel, called the deep lingual artery (ranine artery), 
runs along the inferior surface of the tongue to Its 
tip. At this site it is quite superficial, being covered 
only by the mucous membrane. Deep to the artery are 
the inferior longitudinal muscle of the tongue and, 
on its medial side, the genioglossus muscle. The hy- 
poglossal nerve crosses the first part of the lingual 
artery, but is separated from the second part by the 
hyoglossus muscle. 


Branches of the 
Lingual Artery 


Four named branches of the lingual artery 
are usually identified. They are: 


Suprahyoid 
Dorsal lingual 
Sublingual 
Deep lingual 


SUPRAHYOID BRANCH. ‘The _ suprahyoid 
branch of the lingual artery is quite small 
and courses along the superior border of the 
hyoid bone, supplying some of the muscles 
attached to it (Fig. 8-21). The vessel anasto- 
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moses with the infrahyoid branch of the 
superior thyroid artery and with the supra- 
hyoid branch of the opposite side. 

DORSAL LINGUAL BRANCHES. There are usu- 
ally two or three small dorsal lingual 
branches of the lingual artery, and they arise 
medial to and under cover of the hyoglossus 
muscle (Fig. 8-24). They ascend to the poste- 
rior part of the dorsum of the tongue and 
supply the mucous membrane of this region, 
the palatoglossal arch, the tonsil, soft palate, 
and epiglottis. There is some anastomosis 
with tonsillar arteries and with vessels of the 
opposite side. 

SUBLINGUAL ARTERY. The sublingual ar- 
tery arises at the anterior margin of the 
hyoglossus muscle and courses anteriorly 
between the genioglossus and mylohyoid 
muscles to achieve the sublingual gland. It 
supplies the gland and gives branches to the 
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mylohyoid and neighboring muscles and to 
the mucous membrane of the mouth and 
guins. Small vessels supply the sides of the 
tongue, and the artery to the frenulum of the 
tongue is usually derived from the sublin- 
gual artery. One branch, running medial to 
the alveolar process of the mandible in the 
substance of the gum, anastomoses with a 
similar artery from the other side; another 
pierces the mylohyoid muscle and anasto- 
moses with the submental branch of the fa- 
cial artery. 

DEEP LINGUAL aRTERY. The deep lingual 
artery (also known as the ranine artery) is 
the terminal portion of the lingual artery; it 
pursues a tortuous course, running along the 
inferior lingual surface, between the inferior 
longitudinal muscle of the tongue and the 
mucous membrane (Fig. 8-24). Lying on the 
lateral side of the genioglossus muscle, it is 
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Phe arteries of the face and scalp viewed from the right side. Both the submandibular and parotid glands 


have been removed to reveal the course of the external carotid artery behind the ramus of the mandible. (From 
Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, 1975.) 


accompanied by the lingual vein and the ter- 
minal part of the lingual nerve. It anastomo- 
ses with the artery of the opposite side at the 
tip of the tongue. 


FACIAL ARTERY 


The facial artery (Figs. 8-20; 8-21; 8-23) 
arises in the carotid triangle a little superior 
to the lingual artery and, sheltered by the 
ramus of the mandible, passes obliquely 
deep to the posterior belly of the digastric 
and the stylohyoid muscles. It then arches 
anteriorly to enter a groove on the posterior 
surface of the submandibular gland where it 
joins the facial vein. Becoming quite superfi- 
cial, the facial artery winds around the infe- 
rior border of the mandible at the anterior 
edge of the masseter muscle to enter the 
face. It crosses the cheek lateral to the angle 
of the mouth and, as the angular artery, as- 
cends along the side of the nose, to end at the 
medial palpebral commissure of the eye. At 
this site it anastomoses with the dorsal nasal 
branch of the ophthalmic artery. The facial 
artery, both in the neck and on the face, is 
remarkably tortuous. In the neck, this may 
assist the vessel to accommodate itself to 
movements of the pharynx in deglutition, 
and in the face, to movements of the mandi- 
ble, lips, and cheeks. 


RELATIONS. /n the neck, the origin of the facial 
artery is quite superficial, being covered by the in- 
tegument, platysma, and fascia. It then passes deep 
to the posterior belly of the digastric and the stylohy- 
oid muscle, part of the submandibular gland, and 
frequently the hypoglossal nerve. It lies on the me- 
dial and superior pharyngeal constrictor muscles, 
the latter separating the vessel at the summit of its 
arch from the tonsil. On the face, where the facial 
artery passes over the body of the mandible, it is 
also superficial, lying immediately beneath the pla- 
tysma. In its course over the face, it is covered by 
the integument, the fat of the cheek, and near the 
angle of mouth, by the platysma, risorius, and zygo- 
maticus major muscles. It rests on the buccinator 
and levator anguli oris, and passes either superficial 
or deep to the levator labii superioris. The anterior 
facial vein lies lateral to the artery and takes a more 
direct course across the face. Branches of the facial 
nerve cross the artery. 


Branches of the 
Facial Artery 


The branches of the facial artery may be 
divided into two sets: those given off in the 
neck, cervical, and those on the face, facial. 
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Cervical Branches 
Ascending palatine 
Tonsillar 
Glandular 
Submental 

Facial Branches 
Inferior labial 
Superior labial 
Lateral nasal 
Angular 


Additionally, muscular branches are given 
off both in the neck and in the face. 

ASCENDING PALATINE ARTERY. The ascend- 
ing palatine artery (Figs. 8-21; 8-23) arises 
close to the origin of the facial artery and 
passes upward between the styloglossus and 
stylopharyngeus muscles to the side of the 
pharynx, along which it continues between 
the superior pharyngeal constrictor and the 
medial pterygoid muscles toward the base of 
the skull. It divides near the levator veli 
palatini muscle into two branches. One 
branch follows the course of this muscle, 
and, winding over the upper border of the 
superior pharyngeal constrictor, supplies the 
soft palate and the palatine glands, anasto- 
mosing with its fellow of the opposite side 
and with the greater palatine branch of the 
maxillary artery. The other branch pierces 
the superior pharyngeal constrictor muscle 
and supplies the palatine tonsil and auditory 
tube, anastomosing with the tonsillar branch 
of the facial artery and the ascending pha- 
ryngeal branch of the external carotid ar- 
tery. 

TONSILLAR BRANCH. The tonsillar branch 
of the facial artery (Fig. 8-24) ascends be- 
tween the medial pterygoid and styloglossus 
muscles. On the side of the pharynx, at the 
level of the palatine tonsil, it perforates the 
superior pharyngeal constrictor to ramify in 
the substance of the palatine tonsil and root 
of the tongue. Penetrating the lower pole of 
the tonsillar bed, this vessel is usually the 
primary arterial supply to the tonsil. 

GLANDULAR BRANCHES. As the facial artery 
courses near the submandibular gland, three 
or four large branches are distributed to 
the submandibular gland, some being pro- 
longed to the neighboring muscles, lymph 
nodes, and integument. Generally, a small 
branch supplies the submandibular duct (of 
Wharton). 


1Thomas Wharton (1610-1673): An English anatomist 
(London). 
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SUBMENTAL ARTERY. The submental artery, 
being the largest of the cervical branches, 
comes off the facial artery just as that vessel 
emerges from beneath the submandibular 
gland (Figs. 8-20; 8-21). It runs anteriorly 
upon the mylohyoid muscle just below the 
body of the mandible and deep to the ante- 
rior belly of the digastric. It supplies the sur- 
rounding muscles and anastomoses with the 
sublingual branch of the lingual artery and 
with the mylohyoid branch of the inferior 
alveolar artery. At the symphysis menti, the 
submental artery turns upward over the bor- 
der of the mandible and divides into a super- 
ficial and a deep branch. The superficial 
branch passes between the skin and the le- 
vator labil inferioris muscle, and anastomo- 
ses with the inferior labial artery. The deep 
branch runs between this same muscle and 
the bone, supplies the lip, and anastomoses 
with the inferior labial and mental arteries. 

INFERIOR LABIAL ARTERY. The inferior la- 
bial artery arises near the angle of the mouth 
(Figs. 8-22; 8-23). It passes anteriorly beneath 
the depressor anguli oris and, penetrating 
the orbicularis oris, runs a tortuous course 
along the edge of the lower lip, between this 
muscle and the mucous membrane. It sup- 
plies the labial glands, the mucous mem- 
brane, and the muscles of the lower lip. The 
inferior labial artery anastomoses with the 
same vessel of the opposite side and with the 
mental branch of the inferior alveolar artery. 

SUPERIOR LABIAL ARTERY. The superior 
labial artery is larger and more tortuous than 
the inferior (Figs. 8-22: 8-23). It follows a 
comparable course along the edge of the 
upper lip, passing deep to the zygomaticus 
major muscle to lie between the mucous 
membrane and the orbicularis oris. It sup- 





Labial glands 


plies the upper lip and anastomoses with the 
artery of the opposite side. Additionally. the 
superior labial artery sends at least two 
branches that ascend to the nose. These are 
the septal branch, which ramifies on the 
nasal septum as far as the point of the nose, 
and the alar branch, which supplies the ala 
of the nose. 

LATERAL NASAL BRANCH. The lateral nasal 
branch of the facial artery is derived from 
the larger trunk as that vessel ascends along- 
side the nose. It supplies the ala and dorsum 
of the nose, anastomosing with its fellow 
from the other side, with the septal and alar 
branches of the superior labial artery, with 
the dorsal nasal branch of the ophthalmic 
artery, and with the infraorbital branch of 
the maxillary artery. 

ANGULAR ARTERY. The angular artery (Figs. 
8-21; 8-23) is actually the terminal part of the 
facial. It ascends in the groove lateral to the 
nose to the medial angle of the orbit, embed- 
ded in the fibers of the levator labii superioris 
alaeque nasi and is accompanied by the an- 
gular vein. The branches of the angular ar- 
tery anastomose with the infraorbital artery. 
and after supplying the lacrimal sac and or- 
bicularis oculi muscle, it ends by anastomos- 
ing with the dorsal nasal branch of the oph- 
thalmic artery. 

MUSCULAR BRANCHES. Unnamed separate 
muscular arteries frequently branch directly 
from the main trunk of the facial artery. 
From the cervical part of the vessel a branch 
generally ascends to the medial pterygoid 
muscle in the face and another supplies the 
stylohyoid muscle. Muscular branches aris- 
ing from the artery on the face supply the 
masseter and buccinator muscles as well as 
the muscles of expression. 


Superior fabial nerves 
(maxillary) 


Supertor fabrat artery 


tnferior labial artery 


Inferior labial nerves 
(mandibular) 


. *) . e ° . e ° 
Fic.8 22. The labial arteries, the glands of the lips, and the nerves of the right side seen from the inner surface of 
the oral cavity after removal of the mucous membrane. (From Poirier and Charpy.) 


ANASTOMOSES OF THE FACIAL ARTERY. The 
anastomoses of the facial artery are quite 
numerous, not only across the midline with 
branches of the same vessel of the opposite 
side, but in the neck, with the sublingual 
branch of the lingual, with the ascending 
pharyngeal, and by its ascending palatine 
and tonsillar branches with the greater pala- 
tine branch of the maxillary. On the face, 
branches of the facial artery anastomose 
with the mental branch of the inferior alveo- 
lar artery as it emerges from the mental fora- 
men, with the transverse facial branch of the 
superficial temporal artery, with the infraor- 
bital branch of the maxillary artery, and 
with the dorsal nasal branch of the ophthal- 
mic artery. 


VARIATIONS. The facial and lingual arteries fre- 
quently arise as a common vessel, the linguofacial 
trunk, which quickly divides into separate facial and 
lingual branches. The facial artery may vary in size 
and in the extent to which it supplies the face. It 
occasionally ends by forming the submental artery 
at the level of the chin, and not infrequently extends 
only as high as the angle of the mouth or nose. The 
deficiency is then compensated for by an enlarge- 
ment of the neighboring arteries. 


OCCIPITAL ARTERY 


The occipital artery arises from the poste- 
rior part of the external carotid artery, oppo- 
site the origin of the facial artery near the 
lower margin of the posterior belly of the 
digastric muscle (Figs. 8-20; 8-21; 8-23). It is 
generally a vessel of considerable size and 
ends in the posterior part of the scalp. 


COURSE AND RELATIONS. At its origin, the occipi- 
tal artery is covered by the posterior belly of the 
digastric and the stylohyoid muscles. It is crossed by 
the hypoglossal nerve as that nerve winds around 
the vessel in its course toward the tongue. The ves- 
sel crosses the internal carotid artery, the internal 
jugular vein, and the vagus and accessory nerves. 
The artery next ascends to the interval between the 
transverse process of the atlas and the mastoid proc- 
ess of the temporal bone, passing backward and 
upward along the occipital groove of the latter bone. 
In its course, the occipital artery is covered by the 
sternocleidomastoid, splenius capitis, and longissi- 
mus Capitis muscles, and the posterior belly of the 
digastric muscle, and rests sequentially on the rec- 
tus capitis lateralis, the obliquus capitis superior, 
and the semispinalis capitis muscles. Posteriorly at 
the base of the skull, the artery changes its course 
and runs vertically upward, piercing the fascia con- 
necting the cranial attachments of the trapezius and 
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sternocleidomastoid muscles. The occipital artery 
then ascends in a tortuous course within the superfi- 
cial fascia of the scalp, where it divides into numer- 
ous branches. These branches reach as high as the 
vertex of the skull, anastomosing with the posterior 
auricular and superficial temporal arteries. The ter- 
minal portion of the occipital artery is accompanied 
by the greater occipital nerve. 


Branches of the 
Occipital Artery 


Arising from the occipital artery are the 
following branches: 


Muscular 
Sternocleidomastoid 
Auricular 

Mastoid 

Meningeal 
Descending 
Terminal (Occipital) 


MUSCULAR BRANCHES. Unnamed muscular 
branches of the occipital artery supply the 
digastric, stylohyoid, splenius, and longissi- 
mus capitis muscles. 

STERNOCLEIDOMASTOID ARTERY. The ster- 
nocleidomastoid artery generally arises 
from the occipital artery close to its origin, 
but sometimes springs directly from the ex- 
ternal carotid (Fig. 8-23). It passes downward 
and backward over the hypoglossal nerve 
and enters the substance of the muscle, in 
company with the accessory nerve. This ar- 
tery anastomoses with the sternocleido- 
mastoid branch of the superior thyroid ar- 
tery. Frequently two sternocleidomastoid 
vessels arise from the occipital artery. 

AURICULAR BRANCH. The auricular branch 
of the occipital artery ascends over the mas- 
toid process of the temporal bone to supply 
the back of the cartilaginous concha of the 
external ear. It sometimes replaces the pos- 
terior auricular artery. 

MASTOID BRANCH. The mastoid branch 
arises either from the occipital artery or 
from its auricular branch. It is a small vessel 
that enters the skull through the mastoid fo- 
ramen and supplies the diploé, the dura 
mater, and the mastoid air cells. It anastomo- 
ses with the middle meningeal artery. 

MENINGEAL BRANCHES. One or more long, 
slender meningeal branches arise from the 
occipital artery and ascend, with the internal 
jugular vein, to enter the cranial cavity 
through the jugular foramen and condyloid 
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canal. They supply the dura mater lining the 
posterior fossa of the skull. 

DESCENDING BRANCH. The descending 
branch is the largest of the vessels arising 
from the occipital artery (Fig. 8-24). It 
courses downward in the posterior neck and 
divides into a superficial and a deep branch. 
The superficial branch lies deep to the 
splenius, giving off branches which pierce 
that muscle to supply the trapezius and 
anastomose with the superficial branch of 
the transverse cervical. The deep branch de- 
scends between the semispinales capitis and 
cervicis and anastomoses with the vertebral 
artery and with the deep cervical artery, a 
branch of the costocervical trunk. The anas- 
tomoses among these vessels assist in estab- 
lishing a collateral circulation after ligation 
of the common carotid or subclavian artery. 

TERMINAL (OR OCCIPITAL) BRANCHES. The 
terminal (or occipital) branches of the occip- 
ital artery are distributed to the scalp on the 
back of the head. They are very tortuous and 
lie between the skin and the occipital belly 
of the occipitofrontalis muscle. Anastomos- 
ing with similar vessels from the opposite 
side and with the posterior auricular and 
superficial temporal arteries, these terminal 
branches of the occipital artery supply the 
occipital belly of the occipitofrontalis mus- 
cle, the skin, and the pericranium. One of the 
terminal branches may give off a meningeal 
twig, which passes through the parietal fora- 
men to help supply the dura mater. 


POSTERIOR AURICULAR ARTERY 


The posterior auricular artery is small and 
arises from the external carotid just above 
the posterior belly of the digastric and stylo- 
hyoid muscles opposite the apex of the sty- 
loid process (Figs. 8-20; 8-21: 8-23). The ves- 
sel ascends on the styloid process of the 
temporal bone under cover of the parotid 
gland to the groove between the cartilage of 
the external ear and the mastoid process, 
where it divides into its auricular and occip- 
ital branches. 


Branches of the 
Posterior Auricular Artery 


In addition to several small branches that 
the posterior auricular artery supplies to the 
digastric, stvlohyoid, and sternocleidomas- 


toid muscles and to the parotid gland, this 
vessel gives off three branches: 


Stylomastoid 
Auricular 
Occipital 


STYLOMASTOID ARTERY. The stylomastoid 
artery enters the stylomastoid foramen and 
supplies the mucous membrane of the tym- 
panic cavity, the mastoid antrum and mas- 
toid cells, and the semicircular canals (Fig. 
8-23). In voung subjects. a branch from this 
vessel, the posterior tympanic artery (along 
with the anterior tympanic artery from the 
maxillary), forms a vascular ring that sur- 
rounds the inner surface of the tympanic 
membrane and sends delicate vessels to 
ramify on that membrane. The stylomastoid 
artery anastomoses with the petrosal branch 
of the middle meningeal artery by a twig. 
which enters the hiatus of the facial canal. 

AURICULAR BRANCH. The auricular branch 
of the posterior auricular artery ascends 
behind the ear, deep to the auricularis poste- 
rior, and is distributed to the back of the au- 
ricle, upon which it ramifies minutely. Some 
branches curve around the margin of the 
cartilage, while others perforate it to supply 
the anterior surface. The auricular branch of 
the posterior auricular artery anastomoses 
with the parietal and anterior auricular 
branches of the superficial temporal artery. 

OCCIPITAL BRANCH. The occipital branch 
passes posteriorly over the sternocleido- 
mastoid muscle to the scalp above and be- 
hind the ear. It supplies the occipital belly of 
the occipitofrontalis muscle and the other 
layers of the scalp in this region. and it anas- 
tomoses with the occipital artery (Figs. 8-21; 
8-23). 


SUPERFICIAL TEMPORAL ARTERY 


The superficial temporal artery is the 
smaller of the two terminal branches of the 
external carotid and appears to be the con- 
tinuation of that vessel (Figs. 8-20: 8-21: 8-23). 
It begins in the substance of the parotid 
gland posterior to the neck of the mandible 
and crosses over the posterior root of the 
zygomatic process of the temporal bone. 
About 5cm above this process. the superfi- 
cial temporal artery divides into its frontal 
and parietal branches. 


RELATIONS. As it crosses the zygomatic process, 
the superficial temporal artery is covered by the 
auricularis anterior muscle and by a dense fascia. 
Within the substance of the parotid gland, the artery 
is crossed by the temporal and zygomatic branches 
of the facial nerve and one or two veins. In its course 
along the side of the head, it is accompanied by the 
auriculotemporal nerve, which lies immediately pos- 
terior to it. Just above the zygomatic process and in 
front of the auricle, the superficial temporal artery is 
quite superficial, being covered only by skin and fas- 
Cia, and can easily be felt pulsating. This artery is 
often used for determining the pulse, particularly by 
anesthesiologists. 


Branches of the 
Superficial Temporal Artery 


Besides some twigs to the parotid gland, 
the temporomandibular joint, and the mas- 
seter muscle, the superficial temporal artery 
gives rise to the following branches: 


Transverse facial 
Middle temporal 
Zygomatico-orbital 
Anterior auricular 
Frontal 

Parietal 


TRANSVERSE FACIAL ARTERY. ‘The trans- 
verse facial artery is the largest branch of the 
superficial temporal artery and is given off 
even before the superficial temporal artery 
emerges from the substance of the parotid 
gland (Figs. 8-20; 8-21). Initially the trans- 
verse facial artery is deeply placed in the 
parotid gland, and coursing anteriorly, the 
vessel then passes transversely across the 
side of the face, between the parotid duct 
and the inferior border of the zygomatic 
arch. It divides into numerous branches, 
which supply the parotid gland and duct, the 
masseter muscle, and the skin. Branches of 
the transverse facial artery anastomose with 
the facial, masseteric, buccal, and infraor- 
bital arteries. This vessel rests on the mas- 
seter muscle and is accompanied by one or 
two branches of the facial nerve. 

MIDDLE TEMPORAL ARTERY. The middle 
temporal artery arises immediately above 
the zygomatic arch and, perforating the tem- 
poral fascia, lies against the squama of the 
temporal bone, where it sends branches to 
the temporalis muscle (Fig. 8-23). This vessel 
anastomoses with the deep temporal 
branches of the maxillary artery. 
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ZYGOMATICO-ORBITAL ARTERY. The zygo- 


matico-orbital artery courses between the 
two layers of temporal fascia along the 
superior border of the zygomatic arch to the 
lateral angle of the orbit (Fig. 8-21). This ves- 
sel supplies the orbicularis oculi muscle and 
anastomoses with the lacrimal and palpebral 
branches of the ophthalmic artery. It may 
arise from the middle temporal artery in- 
stead of branching directly from the superfi- 
cial temporal artery. 

ANTERIOR AURICULAR BRANCHES. Three or 
four anterior auricular branches are distrib- 
uted to the anterior portion of the auricle, 
the tragus, the lobule, and part of the exter- 
nal acoustic meatus. They anastomose with 
the posterior auricular artery. 

FRONTAL BRANCH. ‘The frontal branch of 
the superficial temporal artery takes a tortu- 
Ous course anteriorly and upward toward 
the forehead, supplying the muscles, integu- 
ment, and pericranium in this region (Figs. 
8-21; 8-23). It anastomoses with the supraor- 
bital and supratrochlear branches of the 
ophthalmic artery. 

PARIETAL BRANCH. ‘The parietal branch is 
larger than the frontal, curves upward and 
backward on the side of the head, and lies 
between the skin and the temporal fascia 
(Figs. 8-21; 8-23). It anastomoses anteriorly 
with the frontal branch of the superficial 
temporal artery, posteriorly with the poste- 
rior auricular and occipital branches of the 
external carotid, and across the vertex of the 
skull with the parietal branch of the other 
side. 


MAXILLARY ARTERY 


The maxillary artery is the larger of the 
two terminal branches of the external ca- 
rotid (Figs. 8-20; 8-23). It arises behind the 
neck of the mandible and is at first embed- 
ded in the substance of the parotid gland. It 
passes anteriorly between the ramus of the 
mandible and the sphenomandibular liga- 
ment, and then courses to the pterygopala- 
tine fossa, either superficial or deep to the 
lateral pterygoid muscle. It supplies the deep 
structures of the face and may be divided 
into mandibular, pterygoid, and pterygopal- 
atine portions. 

The first or mandibular portion lies be- 
tween the neck of the mandible and the 
sphenomandibular ligament, courses hori- 
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zontally forward, nearly parallel to but a lit- 
tle below the auriculotemporal nerve. It is 
embedded in the parotid gland and crosses 
the inferior alveolar nerve while running 
along the inferior border of the lateral ptery- 
goid muscle. 

The second or pterygoid portion arches 
forward and upward under cover of the 
ramus of the mandible and the insertion of 
the temporalis muscle. It lies either superfi- 
cial or deep to the lower head of the lateral 
pterygoid muscle. When it lies superficial to 
the latter muscle, the vessel is located be- 
tween the lateral pterygoid and temporalis 
muscles. When the vessel lies more deeply, it 
is located between the lateral pterygoid 
muscle and branches of the mandibular 
nerve, lying close to the lateral pterygoid 
plate. In this latter situation, the artery then 
penetrates the muscle to gain entrance to the 
pterygopalatine fossa. This portion supplies 
the muscles of mastication and the bucci- 
nator. 

The third or pterygopalatine portion is a 
short segment of the maxillary artery, lying 
in the pterygopalatine fossa. It gives off sev- 
eral important branches and makes its way 
toward the sphenopalatine foramen, passing 
beside the pterygopalatine ganglion and ter- 
minating as the sphenopalatine artery. The 
course of the third part of the maxillary ar- 
tery is the same in both superficially and 
deeply running vessels. It sends branches to 
the orbit and anterior face, the paranasal 
sinuses, nasal cavity and nasopharynx, and 
the upper teeth and palate. 

The origin of branches of the first two 
parts of the maxillary artery differs some- 
what, depending on whether the vessel 
courses superficial or deep to the lateral 
pterygoid muscle. 


Branches of the 
First (or Mandibular) 
Portion of the 
Maxillary Artery 


The descriptions of the following 
branches pertain to those instances in which 
the maxillary artery takes a more superficial 
course in the deep face: 


Deep auricular 
Anterior tympanic 
Inferior alveolar 
Middle meningeal 
Accessory meningeal 


DEEP AURICULAR ARTERY. The deep auricu- 
lar is a small vessel that ascends in the sub- 
stance of the parotid gland, deep to the tem- 
poromandibular articulation (Fig. 8-23). It 
pierces the cartilaginous or bony wall of the 
external acoustic meatus and supplies its 
cuticular lining and the outer surface of the 
tympanic membrane. It gives a branch to the 
temporomandibular joint as it courses be- 
hind the articular capsule. 

ANTERIOR TYMPANIC ARTERY. The anterior 
tympanic artery is small and often arises in 
common with the deep auricular artery 
(Fig. 8-23). It passes behind the temporoman- 
dibular articulation and enters the tympanic 
cavity through the petrotympanic fissure. 
Within the middle ear it ramifies upon the 
inner surface of the tympanic membrane, 
forming a vascular circle around the mem- 
brane with the stylomastoid branch of the 
posterior auricular artery. The anterior tym- 
panic artery also anastomoses with the ar- 
tery of the pterygoid canal and with the 
caroticotympanic branch from the internal 
carotid artery. 

INFERIOR ALVEOLAR ARTERY. The inferior 
alveolar artery arises from the maxillary ar- 
tery as that vessel courses between the neck 
of the mandible and the sphenomandibular 
ligament. It then descends with the inferior 
alveolar nerve to the mandibular foramen 
on the medial surface of the ramus of the 
mandible (Fig. 8-23). The artery then enters 
the mandibular canal with the nerve and 
courses through the canal to the first pre- 
molar tooth, where it divides into the mental 
and incisor branches. Along its course, the 
inferior alveolar artery also gives off mylo- 
hyoid and dental branches and a small lin- 
gual branch. 

The mylohyoid artery arises from the infe- 
rior alveolar artery just before the latter ves- 
sel enters the mandibular foramen. It runs in 
the mylohyoid groove on the medial surface 
of the mandibular ramus, along with the 
mylohyoid nerve, to the inferior surface of 
the mylohyoid muscle. which it supplies. 

The incisor branch, which is one of the 
terminal branches of the inferior alveolar 
artery, continues in the mandibular canal to 
the midline anteriorly, where it gives 
branches to the incisor teeth and anastomo- 
ses with a similar vessel from the opposite 
side. 

The mental branch, which is the other ter- 
minal branch of the inferior alveolar artery, 
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Fic. 8-23. The right maxillary artery exposed in the infratemporal and pterygopalatine regions by the removal of the 
parotid gland, ramus of mandible, zygomatic arch, and muscles of mastication. Note the facial, occipital, ascending 
pharyngeal, posterior auricular, and superficial temporal branches of the right external carotid artery. (From 
Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, 1975.) 


emerges with the mental nerve from the 
mental foramen to supply the chin (Fig. 8- 
23). It anastomoses with the submental and 
inferior labial branches of the facial artery. 

The dental branches of the inferior alveo- 
lar artery correspond in number to the roots 
of the lower teeth. They enter the minute 
apertures at the extremities of the roots and 
supply the pulp of the teeth. 

The lingual branch, which is small, arises 
from the inferior alveolar artery near its ori- 
gin and descends with the lingual nerve to 
supply the mucous membrane of the mouth. 

MIDDLE MENINGEAL ARTERY. The middle 
meningeal artery is the largest of the arteries 
that supply the dura mater (Fig. 8-23). It as- 
cends between the sphenomandibular liga- 
ment and the lateral pterygoid muscle and 
between the two roots of the auriculotempo- 
ral nerve to the foramen spinosum of the 
sphenoid bone, through which it enters the 
cranial cavity accompanied by two small 
veins and some sympathetic nerve fibers. 


Finally, in a groove on the great wing of the 
sphenoid bone that extends to the squamous 
part of the temporal bone, the middle men- 
ingeal artery divides into frontal (or ante- 
rior) and parietal (or posterior) branches. 

The frontal (or anterior) branch is the 
larger of the two. principal terminal 
branches. It crosses the great wing of the 
sphenoid to reach the groove, or canal, in the 
sphenoidal angle of the parietal bone. It then 
divides into branches that spread out be- 
tween the dura mater and internal surface of 
the cranium, some passing upward as far as 
the vertex, and others backward to the oc- 
cipital region. 

The parietal (or posterior) branch curves 
backward on the squamous part of the tem- 
poral bone, and reaching the parietal bone 
some distance anterior to its mastoid angle, 
it divides into branches that supply the pos- 
terior part of the dura mater and cranium. 
The branches of the middle meningeal ar- 
tery are distributed partly to the dura mater, 
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but chiefly to the bones. They anastomose 
with the arteries of the opposite side and 
with the anterior meningeal (from the ante- 
rior ethmoid) and posterior meningeal (from 
the vertebral) arteries. 

The middle meningeal artery, as it enters 
the cranium, gives off several other 
branches. A number of small ganglionic ves- 
sels supply the trigeminal ganglion, the roots 
of the trigeminal nerve, and the dura mater 
nearby. A petrosal branch, which enters the 
hiatus for the greater petrosal nerve, sup- 
plies the facial nerve and anastomoses with 
the stylomastoid branch of the posterior au- 
ricular artery. A superior tympanic artery 
runs in the canal for the tensor tympani and 
supplies this muscle and the lining mem- 
brane of the canal. An anastomotic branch 
with the lacrimal artery passes through the 
superior orbital fissure or through separate 
canals in the great wing of the sphenoid 
bone to achieve the orbit. It anastomoses 
with the recurrent meningeal branch of the 
lacrimal artery. Occasionally, the lacrimal 
artery may arise from the middle meningeal 
artery. Temporal branches pass through 
small foramina in the great wing of the sphe- 
noid and anastomose in the temporal fossa 
with the deep temporal arteries. 

ACCESSORY MENINGEAL ARTERY. The acces- 
sory meningeal artery may arise directly 
from the maxillary artery or, by means of a 
common vessel, with the middle meningeal 
artery. It enters the cranial cavity by passing 
upward along the course of the mandibular 
division of the trigeminal nerve through the 
foramen ovale. The accessory meningeal 
artery supplies muscles in its upward course 
in the deep face and, within the cranial cav- 
ity, supplies the trigeminal ganglion and 
dura mater. 


Branches of the 
Second (or Pterygoid) Portion 
of the Maxillary Artery 


The descriptions of the following branches 
pertain to those instances in which the max- 
illary artery takes a more superficial course 
in the deep face. The branches of this second 
portion supply muscles. 


Deep temporal 
Pterygoid 


Masseteric 
Buccal 


DEEP TEMPORAL BRANCHES. There are gen- 
erally two deep temporal branches, an ante- 
rior and a posterior (Fig. 8-23). These ascend 
between the temporalis muscle and the 
pericranium, supplying that muscle and 
anastomosing with the middle temporal ar- 
tery. The anterior deep temporal artery com- 
municates with the lacrimal artery by means 
of small branches which perforate the zygo- 
matic bone and great wing of the sphenoid. 
Certainly, the two temporal branches anas- 
tomose with each other. 

PTERYGOID BRANCHES. ‘The _ pterygoid 
branches vary in number and origin, and 
they supply the two pterygoid muscles. 

MASSETERIC ARTERY. The masseteric ar- 
tery arises from the maxillary between the 
neck of the mandible and the sphenoman- 
dibular ligament. It is a small vessel and 
passes laterally through the mandibular 
notch with the masseteric nerve to the deep 
surface of the masseter muscle. It supplies 
that muscle and anastomoses with the 
masseteric branches of the facial artery and 
with the transverse facial artery. 

BUCCAL aRTeRY. The buccal artery is a 
small vessel that courses, along with the 
buccal nerve, forward and downward be- 
tween the medial pterygoid muscle and the 
insertion of the temporalis muscle to the ex- 
ternal surface of the buccinator, which it 
supplies (Fig. 8-23). It anastomoses with 
branches of the facial, transverse facial, and 
infraorbital arteries. 


VARIATIONS. The foregoing descriptions of the 
first and second parts of the maxillary artery apply to 
those specimens in which the maxillary artery 
courses superficial to the lateral pterygoid muscle. In 
about one-third of all cadavers, however, the vessel 
passes deep to the lateral pterygoid, which results in 
some variation in the origin of branches from the 
first two parts. In the latter situation, the deep auric- 
ular and anterior tympanic branches are unchanged. 
The masseteric and posterior deep temporal arteries 
come from a common trunk with the inferior alveolar 
artery from the first portion. The middle and acces- 
sory meningeal arteries arise from the second por- 
tion close to the foramen spinosum. The pterygoid, 
buccal, and anterior deep temporal branches also 
arise from the second portion, either separately or 
from a common trunk, deep to the lateral pterygoid 
muscle. 


Branches of the 
Third (or Pterygopalatine) Portion 
of the Maxillary Artery 


The branches of the third part of the max- 
illary artery arise within the pterygopalatine 
fossa, and accompanied by branches of the 
maxillary division of the trigeminal nerve, 
they pass through foramina or bony canals. 
These branches are: 


Posterior superior alveolar 
Infraorbital 

Descending palatine 

Artery of the pterygoid canal 
Pharyngeal 

Sphenopalatine 


POSTERIOR SUPERIOR ALVEOLAR ARTERY. 
This vessel arises from the maxillary artery, 
frequently in conjunction with the infraor- 
bital artery, just as the trunk of the maxillary 
is passing into the pterygopalatine fossa. 
Descending upon the tuberosity of the max- 
illa, the posterior superior alveolar artery 
divides into numerous branches, some of 
Which supply the lining of the maxillary 
sinus while others enter the alveolar canals 
to suppy the molar and premolar teeth. Still 
other branches continue anteriorly on the 
alveolar process to supply the gums. The 
vascular branches are accompanied in their 
course by branches of the posterior superior 
alveolar nerve, which are derived from the 
maxillary division of the trigeminal. 

INFRAORBITAL ARTERY. ‘The _ infraorbital 
artery arises as a branch from the maxillary 
artery as the latter vessel enters the pterygo- 
palatine fossa, and frequently in conjunction 
with the posterior superior alveolar artery 
(Fig. 8-23). It runs along the infraorbital 
groove and canal with the infraorbital nerve 
and emerges on the face through the infraor- 
bital foramen. In its course, the infraorbital 
artery gives off orbital, anterior superior al- 
veolar, and facial branches. 

The orbital branches arise in the infraor- 
bital canal and they assist in the supply of 
the lacrimal gland and of the inferior rectus 
and inferior oblique muscles. 

The anterior superior alveolar branches of 
the infraorbital artery, with branches of the 
middle and anterior superior alveolar 
nerves, descend through the grooves in the 
anterior wall of the maxilla (Fig. 8-23). 
Together the vessels and nerves enter the 
anterior alveolar canals to supply dental 
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branches to the upper incisor and canine 
teeth. Some branches also supply the mu- 
cous membrane of the maxillary sinus. 

The facial branches of the infraorbital ar- 
tery arise after the vessel emerges from the 
infraorbital foramen. On the anterior face 
some branches course upward to the medial 
angle of the orbit, supplying the lacrimal sac 
and anastomosing with the angular branch 
of the facial artery. Branches also descend 
toward the nose and anastomose with the 
dorsal nasal branch of the ophthalmic ar- 
tery. Other branches descend between the 
levator labii superioris and the levator labii 
superioris alaeque nasi muscles and anasto- 
mose with the transverse facial and buccal 
arteries. 

DESCENDING PALATINE ARTERY. The de- 
scending palatine artery arises from the 
maxillary artery in the pterygopalatine fossa 
and descends in the greater palatine canal 
with the greater palatine nerve, which is de- 
rived from the maxillary nerve and pterygo- 
palatine ganglion. After emerging from the 
greater palatine foramen at the palate, the 
descending palatine artery becomes the 
greater palatine artery, having already 
given off several small lesser palatine 
branches. 

The greater palatine artery courses anteri- 
orly from the greater palatine foramen to the 
incisive canal in a groove called the greater 
palatine sulcus near the alveolar border on 
the oral surface of the hard palate. Branches 
of the vessel are distributed to the gums, pal- 
atine glands, and mucous membrane of the 
roof of the mouth. A terminal branch anasto- 
moses with the nasopalatine branch of the 
sphenopalatine artery in the incisive canal. 

The lesser palatine arteries arise from the 
descending palatine artery and course 
through the lesser palatine canals to emerge 
at the lesser palatine foramina. They then 
course medially, laterally, and posteriorly to 
supply the oral surface of the soft palate and 
the palatine tonsil. These vessels anastomose 
with the ascending palatine branch of the 
facial artery. 

ARTERY OF THE PTERYGOID CANAL. This ar- 
tery arises from the maxillary artery in the 
pterygopalatine fossa and enters the ptery- 
goid canal (Vidian! canal) with the corre- 


1Vidus Vidius (Latinized name of Guido Guidi, 1500- 
1569): An Italian physician and anatomist (Pisa). 
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sponding nerve. It is a long, slender branch 
that is distributed to the upper part of the 
pharynx and anastomoses with the ascend- 
ing pharyngeal and sphenopalatine arteries. 
The artery of the pterygoid canal also sup- 
plies the auditory tube and sphenoidal sinus 
and sends into the tympanic cavity a small 


branch that anastomoses with the other 


tympanic arteries. 

PHARYNGEAL BRANCH. The pharyngeal 
branch of the maxillary artery is quite small. 
It runs posteriorly in the palatovaginal canal 
with a nerve, the pharyngeal branch of the 
pterygopalatine ganglion, and is distributed 
to the auditory tube, the upper part of the 
pharynx, and the sphenoidal sinus. 

SPHENOPALATINE ARTERY. The sphenopala- 
tine artery is actually the terminal or contin- 
uation branch of the maxillary artery. It en- 
ters the nasal cavity through the spheno- 
palatine foramen at the posterior end of the 
superior meatus, close to the pterygopala- 
tine ganglion, and is accompanied by late- 
ral nasal, septal, and nasopalatine nerve 
branches from the maxillary nerve and pter- 
vgopalatine ganglion. Shortly after travers- 
ing the foramen, the sphenopalatine artery 
divides into posterior lateral nasal and pos- 
terior septal arteries. 

The posterior lateral nasal branches run 
anteriorly, ramifying over the nasal conchae 
and meatuses that form the lateral wall of 
the nasal cavity. They also assist in the sup- 
ply of the mucosa that lines the frontal, max- 
illary, ethmoidal, and sphenoidal sinuses. 

The posterior septal branches arise from 
the sphenopalatine artery and, arching over 
the roof of the nasal cavity along the inferior 
surface of the sphenoid bone, anastomose 
with branches of the anterior and posterior 
ethmoidal arteries in the mucosa of the nasal 
septum. Other vessels ramify anteriorly and 
inferiorly on the septum. One branch, the 
nasopalatine artery, courses in a groove on 
the vomer with the nasopalatine nerve to the 
incisive canal, where it anastomoses with 
the greater palatine artery. 


Internal Carotid Artery 


The internal carotid artery ascends in the 
neck, enters the base of the skull, opens into 
the cranial cavity, and supplies much of the 
cerebral hemisphere, the pituitary gland, the 
eyeball and other orbital structures, the an- 
terior aspect of the forehead, and the exter- 


nal nose. It consists of cervical, petrous, cav- 
ernous, and cerebral portions. The cervical 
portion of the internal carotid artery begins 
at the bifurcation of the common carotid 
opposite the upper border of the thyroid car- 
tilage, and runs perpendicularly upward, 
anterior to the transverse processes of the 
first three cervical vertebrae, to reach the 
inferior surface of the petrous portion of the 
temporal bone (Fig. 8-24). The vessel then 
enters the carotid canal, becoming the pet- 
rous portion. It makes an abrupt turn for- 
ward and medially to the foramen lacerum. 
At the end of the carotid canal, the internal 
carotid artery curves upward, above the car- 
tilage occupying the foramen lacerum, to 
enter the middle cranial fossa between the 
lingula and petrosal process of the sphenoid 
bone. The cavernous portion of the internal 
carotid artery is the first part of its course 
within the cranial cavity, where it is sus- 
pended between the layers of the dura 
mater that form the cavernous sinus (Fig. 
8-25). Ascending toward the posterior clinoid 
process, the artery curves forward on the lat- 
eral aspect of the body of the sphenoid bone 
in the carotid sulcus. At the medial aspect of 
the anterior clinoid process, the vessel then 
perforates the part of the dura mater that 
forms the roof of the cavernous sinus. Thus, 
the cavernous portion of the internal carotid 
artery makes a double curvature like the let- 
ter S before piercing the dura to achieve the 
substance of the brain (Fig. 8-31). The cere- 
bral portion of the artery then passes be- 
tween the optic and oculomotor nerves and 
approaches the anterior perforated sub- 
stance at the medial end of the lateral cere- 
bral sulcus, where it gives off its intracere- 
bral branches. 


CERVICAL PORTION. The cervical portion of the 
internal carotid artery is comparatively superficial at 
Its Origin at the bifurcation of the common carotid 
artery (Fig. 8-24). Here the vessel is contained in the 
carotid triangle, and lies posterior and lateral to the 
external carotid artery, overlapped by the sterno- 
cleidomastoid muscle and covered by the deep fas- 
cia, platysma, and integument. It then passes deep 
to the parotid gland, being crossed by the hypoglos- 
sal nerve, the posterior belly of the digastric muscle, 
the stylohyoid muscle, and the occipital and poste- 
rior auricular branches of the external carotid artery. 
More superiorly, the internal carotid artery is sepa- 
rated from the external carotid by the styloglossus 
and stylopharyngeus muscles, the tip of the styloid 
process and the stylohyoid ligament, the glossopha- 
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Fic. 8-24. This dissection of the deep neck shows the internal carotid and vertebral arteries. Also note the courses 


and branches of the superior thyroid and lingual arteries. 


ryngeal nerve, and the pharyngeal branch of the 
vagus. Posteriorly, it is in relation with the longus 
capitis muscle, the superior cervical ganglion of the 
sympathetic trunk with its internal carotid branch to 
the carotid plexus that surrounds the artery, and the 
superior laryngeal branch of the vagus nerve. Later- 
a/ly, the internal carotid artery is related to the inter- 
nal jugular vein and vagus nerve, the nerve lying on 
a plane posterior to the artery. Media/ly, the vessel is 
related to the wall of the pharynx, the superior laryn- 
geal nerve, and the ascending pharyngeal artery. At 
the base of the skull, the glossopharyngeal, vagus, 
accessory, and hypoglossal nerves lie between the 
artery and the internal jugular vein. 

PETROUS PORTION. When the internal carotid ar- 
tery enters the carotid canal in the petrous portion of 
the temporal bone, it first ascends a short distance, 
then curves forward and medially, and again as- 
cends as it leaves the canal to enter the cavity of the 
skull between the lingula and petrosal process of the 
sphenoid (Fig. 8-24). The artery lies at first anterior 
to the cochlea and tympanic cavity. It is separated 
from the tympanic cavity by a thin, bony lamella, 
which ts cribriform in the young subject and often 
partly absorbed in old age. More anteriorly, it is sep- 
arated from the trigeminal ganglion by a thin plate of 
bone that forms the floor of the fossa for the gan- 
glion and the roof of the horizontal portion of the 
canal. Frequently this bony plate is more or less defi- 
cient; in these instances the ganglion its separated 
from the artery by fibrous membrane. The artery is 


surrounded by a plexus of small veins that helps to 
drain the tympanic cavity and flows into the cavern- 
Ous Sinus and internal jugular vein, and by filaments 
of the carotid plexus of nerves, derived from the in- 
ternal carotid branch of the superior cervical gan- 
glion of the sympathetic trunk. 

CAVERNOUS PORTION. In this part of its Course, 
the internal carotid artery is situated between the 
layers of the dura mater forming the cavernous 
sinus, but it is covered by the lining membrane of 
the sinus (Figs. 8-25; 8-31). Initially, it ascends to- 
ward the posterior clinoid process, then passes for- 
ward by the side of the body of the sphenoid bone, 
and again curves upward on the medial aspect of the 
anterior clinoid process, perforating the dura mater 
that forms the roof of the sinus. This portion of the 
artery is surrounded by a plexus of sympathetic 
nerves, and directly on its lateral aspect courses the 
abducent nerve. 

CEREBRAL PORTION. Having perforated the dura 
mater on the medial side of the anterior clinoid proc- 
ess, the internal carotid artery passes between the 
optic and oculomotor nerves toward the anterior 
perforated substance at the medial extremity of the 
lateral cerebral sulcus, where it divides into its cere- 
bral branches (Figs. 8-28 to 8-32). 

VARIATIONS. The length of the internal carotid 
varies according to the length of the neck and ac- 
cording to the point of bifurcation of the common 
carotid. It arises sometimes from the arch of the 
aorta. The course of the artery may be tortuous in- 
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Fig. 8-25. Diagram of the cavernous portion of the internal carotid artery. (From Taveras and Wood, Diagnostic 
Neuroradiology, 1964.) 


stead of straight. A few instances have been re- Hypophyseal . 
ported in which this vessel was completely absent. Ganglionic 

In one such case, the common carotid artery as- Anterior meningeal 
cended in the neck and gave off the usual branches Cerebral Portion 

of the external carotid, but the cranial portion of the Ophthalmic 


internal carotid was replace two bran 
nalc d Ss replac d by two branches of the Anterior Goreme 
maxillary artery, which entered the skull through the 


foramen rotundum and foramen ovale and joined to Middle cerebral 
form a single vessel. Posterior communicating 


Anterior choroidal 


a Artery CAROTICOTYMPANIC ARTERY 

The caroticotympanic branch of the inter- 
nal carotid artery is a small vessel that enters 
the tympanic cavity through a minute fora- 


men on the posterior wall of the carotid 


The cervical portion of the internal ca- 
rotid gives off no branches. Those from the 
other portions are: 


Petrous Portion canal. On the surface of the promontory it 
Caroticotympanic anastomoses with the anterior tympanic 
Pterygoid branch of the maxillary and with the stylo- 

Cavernous Portion mastoid branch of the posterior auricular 


Cavernous artery. 


PTERYGOID BRANCH 


The pterygoid branch of the internal carotid artery 
iS a small inconstant vessel that passes into the pter- 
ygoid canal. It anastomoses with the pterygoid 
branch of the maxillary artery; this latter branch en- 
ters the opposite end of the canal from the pterygo- 
palatine fossa. 


CAVERNOUS BRANCHES 


The cavernous branches of the internal carotid ar- 
tery are small vessels that supply the walls of the 
cavernous and inferior petrosal sinuses. Some of 
these arteries anastomose with branches of the mid- 
dle meningeal artery. 


HYPOPHYSIAL ARTERIES 


The superior and inferior hypophysial ar- 
teries branch from each internal carotid ar- 
tery to supply the hypophysis (pituitary 
gland). Although these are small vessels, 
they are important because they supply a 
vital endocrine organ. 


GANGLIONIC BRANCHES 


Several small ganglionic branches come off the 
internal carotid artery to supply the trigeminal gan- 
glion. 


ANTERIOR MENINGEAL BRANCH 


The anterior meningeal branch of the internal ca- 
rotid artery is a small vessel that passes over the 
lesser wing of the sphenoid bone to supply the dura 
mater of the anterior cranial fossa. It anastomoses 
with the meningeal branch from the posterior eth- 
moidal artery. 


OPHTHALMIC ARTERY 


The ophthalmic artery arises from the in- 
ternal carotid, just as that vessel emerges 
from the dura mater that forms the cavern- 
ous sinus, on the medial aspect of the ante- 
rior clinoid process (Fig. 8-26). It enters the 
orbital cavity through the optic canal, infe- 
rior and lateral to the optic nerve. Deep to 
the superior rectus muscle, the ophthalmic 
artery passes obliquely over the optic nerve 
from lateral to medial to reach the medial 
wall of the orbit. The vessel then continues 
forward along the lower border of the supe- 
rior oblique muscle to the medial end of the 
upper palpebral region where it divides into 
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two terminal branches, the supratrochlear 
and dorsal nasal arteries. As the ophthalmic 
artery crosses the optic nerve, it is accompa- 
nied by the nasociliary nerve and is sepa- 
rated from the frontal branch of the ophthal- 
mic nerve by the superior rectus and levator 
palpebrae superioris muscles. The ophthal- 
mic artery crosses deep to the optic nerve, 
rather than above, in about 15% of cases. 


Branches of the 
Ophthalmic Artery 


The branches of the ophthalmic artery 
may be divided into an orbital group, dis- 
tributed to orbital structures including the 
extraocular muscles and regions surround- 
ing the orbit, and an ocular group, which 
supplies the eyeball (Fig. 8-26). 


Orbital Group 
Lacrimal 
oupraorbital 
Posterior ethmoidal 
Anterior ethmoidal 
Medial palpebral 
Supratrochlear 
Dorsal nasal 
Muscular 

Ocular Group 
Central artery of the retina 
Short posterior ciliary 
Long posterior ciliary 
Anterior ciliary 


LACRIMAL ARTERY. ‘The lacrimal artery 
arises from the ophthalmic artery soon after 
the latter vessel has entered the orbit. Some- 
times it arises before the ophthalmic artery 
enters the orbit. The lacrimal artery is usu- 
ally the first and often the largest branch 
derived from the ophthalmic (Fig. 8-26). It 
accompanies the lacrimal nerve along the 
superior border of the lateral rectus muscle 
and supplies the lacrimal gland. Its terminal 
branches, emerging from the gland, are dis- 
tributed to the eyelids and conjunctiva. Of 
those supplying the eyelids, the two lateral 
palpebral arteries are of considerable size. 
They run medially in the upper and lower 
lids, respectively, and anastomose with the 
medial palpebral arteries to form an arterial 
arch. The lacrimal artery gives off one or two 
zygomatic branches. One of these passes 
through the zygomaticotemporal foramen to 
reach the temporal fossa and anastomoses 
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with the deep temporal branch of the maxil- 
lary artery. Another zygomatic branch ap- 
pears on the cheek through the zygomatico- 
facial foramen and anastomoses with the 
transverse facial and zygomatico-orbital 
branches of the superficial temporal artery 
(Fig. 8-27). A recurrent meningeal branch of 
the lacrimal artery passes backward through 
the lateral part of the superior orbital fissure 
to the dura mater where it anastomoses with 
a branch of the middle meningeal artery. 
The lacrimal artery is sometimes derived 
from one of the anterior branches of the 
middle meningeal artery. 

SUPRAORBITAL ARTERY. The supraorbital 
artery branches from the ophthalmic, the 
latter vessel crossing over the optic nerve 
(Fig. 8-26). Initially, it ascends in the orbit 
along the medial borders of the superior rec- 
tus and levator palpebrae superioris muscles 
to meet the supraorbital nerve. Accompany- 
ing the nerve between the periosteum and 
the levator palpebrae superioris, the artery 
courses forward in the orbit to the supraor- 
bital foramen. Passing through the foramen, 
the supraorbital artery divides into a super- 
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ficial and a deep branch, which supply the 
integument, the muscles, and the pericranium 
of the forehead, anastomosing with the supra- 
trochlear branch of the ophthalmic, the fron- 
tal branch of the superficial temporal (Fig. 
8-27), the angular branch of the facial artery, 
and the artery of the opposite side. Within 
the orbit, the supraorbital artery supplies the 
superior rectus and the levator palpebrae 
superioris muscles and sends a_ branch 
across the pulley of the superior oblique 
muscle to help supply the region at the 
upper medial angle of the orbit. As the su- 
praorbital artery courses through the supra- 
orbital notch, a small branch passes through 
a foramen to supply the diploé of the frontal 
bone and the lining of the frontal sinus. 
POSTERIOR ETHMOIDAL ARTERY. The poste- 
rior ethmoidal artery branches from the 
ophthalmic artery after the latter vessel has 
crossed to the medial side of the orbit (Fig. 
8-26). It passes through the posterior ethmoi- 
dal canal and supplies the posterior ethmoi- 
dal air cells. Entering the cranium through a 
slitlike transverse aperture between the 
sphenoid bone and cribriform plate, it gives 
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Fic. 8-26 
cles Menschen, 1975.) 


The ophthalmic artery and some of its branches. (From Benninghoff and Goerttler, Lehrbuch der Anatomie 


off a meningeal branch to the dura mater. 
Also, nasal branches descend into the nasal 
cavity through apertures in the cribriform 
plate. These anastomose with small vessels 
that come from the sphenopalatine branch 
of the maxillary artery. 

ANTERIOR ETHMOIDAL ARTERY. The anterior 
ethmoidal branch of the ophthalmic artery 
accompanies the nasociliary nerve through 
the anterior ethmoidal canal. It supplies the 
anterior and middle ethmoidal cells and the 
frontal sinus and, entering the cranium, 
gives off a meningeal branch to the dura 
mater. The nasal branches descend into the 
nasal cavity through a slit lateral to the crista 
galli and, running along the groove on the 
inner surface of the nasal bone, supply 
branches to the lateral wall and septum of 
the nose. A terminal branch appears on the 
dorsum of the nose between the nasal bone 
and the lateral (upper) nasal cartilage. 

MEDIAL PALPEBRAL ARTERIES. The medial 
palpebral arteries, two in number, superior 
and inferior, arise from the ophthalmic ar- 
tery deep to the pulley of the superior 
oblique muscle. They descend from the 
orbit, one above the medial palpebral liga- 
ment and one below the ligament. These ves- 
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sels then encircle the eyelids near their free 
margins to form a superior and an inferior 
arch between the orbicularis oculi muscle 
and the tarsi. The superior palpebral arch 
anastomoses, at the lateral angle of the orbit, 
with the zygomatico-orbital branch of the 
superficial temporal artery, and with the 
superior of the two lateral palpebral 
branches from the lacrimal artery (Fig. 8-27). 
The inferior palpebral arch anastomoses, at 
the lateral angle of the orbit, with the infe- 
rior of the two lateral palpebral branches 
from the lacrimal artery and with the super- 
ficial temporal artery, and, at the medial part 
of the lid, with a twig from the angular 
branch of the facial artery. From this last 
anastomosis, a branch passes to the naso- 
lacrimal duct, ramifying in its mucous mem- 
brane as far as the inferior meatus of the 
nasal cavity. 

SUPRATROCHLEAR ARTERY. The supra- 
trochlear artery is one of the terminal 
branches of the ophthalmic artery. It leaves 
the orbit at its medial angle with the supra- 
trochlear nerve and, ascending on the fore- 
head, helps to supply the integument, mus- 
cles, and pericranium in the region (Fig. 
8-27). It anastomoses with the supraorbital 





Fic. 8-27 


Blood vessels of the eyelids, anterior view. 1, Branch of dorsal nasal artery that anastomoses with the 
angular artery. 2, Angular vein. 3, Angular branch of facial artery. 4, Facial vein. 5, Zygomatico-orbital branch of 
superficial temporal artery. 6, Middle temporal vein receiving orbital vein. 7, Frontal branch of superficial temporal 
artery. 8, Anastomosis of superior lateral palpebral branch of lacrimal artery with the anterior branch of superficial 
temporal artery. 9, Lacrimal artery giving rise to the superior and inferior lateral palpebral arteries. 10, Superior 


palpebral arch. 11, Superior palpebral artery. 12, Inferior palpebral artery. 13, Infraorbital artery. 14, Supraorbital 


artery and vein. 15, Supratrochlear artery. 
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artery and with the artery of the opposite 
side. 

DORSAL NASAL ARTERY. ‘The dorsal nasal 
artery is the other terminal branch of the 
ophthalmic, and it emerges from the orbit 
above the medial palpebral ligament (Fig. 
8-27). After giving a twig to the superior part 
of the lacrimal sac, it divides into two 
branches. One of these crosses the root of 
the nose and anastomoses with the angular 
branch of the facial artery; the other runs 
along the dorsum of the nose, supplies its 
outer surface, and anastomoses with the lat- 
eral nasal branch of the facial artery and 
with the artery of the opposite side. 

MUSCULAR BRANCHES. ‘Two groups of mus- 
cular branches are derived from the main 
trunk of the ophthalmic artery. The superior 
muscular branches supply the _ levator 
palpebrae superioris, superior rectus, and 
superior oblique muscles. The inferior mus- 
cular group passes forward between the 
optic nerve and the inferior rectus muscle 
and is distributed to the lateral, medial, and 
inferior rectus muscles as well as to the infe- 
rior oblique muscle. The anterior ciliary ar- 
teries are derived from the inferior muscular 
vessels, and additional muscular branches 
are given off from the lacrimal and supraor- 
bital arteries. 

CENTRAL ARTERY OF THE RETINA. This ves- 
sel is the first and one of the smallest arteries 
that branch from the ophthalmic. It also is 
the most important because it supplies the 
retina and because, beyond the optic disc, it 
is an end artery and does not anastomose 
with any other vessel. If its function is com- 
promised, permanent retinal damage results. 
The central artery of the retina branches 
from the ophthalmic artery within the orbit, 
but close to the optic foramen. It pierces the 
dural sheath and courses for a short distance 
in the sheath with the optic nerve. At about 
1.25 cm behind the eyeball it pierces the sub- 
stance of the optic nerve obliquely and runs 
forward in the center of the nerve to the ret- 
ina. Its mode of distribution in the retina 
will be described with the anatomy of the 
eye. The central retinal artery may be a 
branch of the lacrimal artery. 

The ciliary arteries are divisible into three 
groups: the short and long posterior, and the 
anterior. 

SHORT POSTERIOR CILIARY ARTERIES. There 
are usually more than six but fewer than ten 
short posterior ciliary arteries. They arise 


from the ophthalmic artery or its branches 
and, surrounding the optic nerve, run to the 
posterior part of the eyeball. A number of 
the vessels may branch at this point before 
piercing the sclera around the entrance of 
the nerve in order to supply the choroid 
layer of the eyeball and the ciliary processes. 

LONG POSTERIOR CILIARY ARTERIES. Usu- 
ally two (but sometimes three) long posterior 
ciliary arteries arise from the ophthalmic 
artery on either side of the optic nerve (Fig. 
8-26). Coursing forward with the optic nerve 
and the short posterior ciliary arteries, they 
pierce the posterior part of the sclera a short 
distance from the optic nerve and run along 
either side of the eyeball, between the sclera 
and choroid, to the ciliary muscle. Reaching 
the junction of the ciliary body and iris, each 
vessel divides into an upper and a lower 
branch. These branches form a vascular cir- 
cle, the circulus arteriosus major, around the 
circumference of the iris. This circle sends 
numerous converging branches in the sub- 
stance of the iris to its pupillary margin, 
where a second arterial circle, the circulus 
arteriosus minor, is formed. 

ANTERIOR CILIARY ARTERIES. The anterior 
ciliary arteries are derived from muscular 
branches of the ophthalmic artery. These 
vessels course to the front of the eyeball 
along the tendons of the recti muscles, form 
a vascular zone beneath the conjunctiva, 
and then pierce the sclera a short distance 
from the sclerocorneal junction. They end 
by anastomosing with the circulus arteriosus 
major around the attached margin of the iris. 


ANTERIOR CEREBRAL ARTERY 


The anterior cerebral artery is one of the 
terminal branches of the internal carotid ar- 
tery. It commences at the medial extremity 
of the lateral cerebral sulcus (Figs. 8-28; 8-29: 
8-31). It passes anteriorly and medially 
across the anterior perforated substance, 
above the optic nerve, to the beginning of 
the longitudinal cerebral fissure. Here it 
comes into close relationship with the ante- 
rior cerebral artery of the opposite side, to 
which it is connected by a short trunk, the 
anterior Communicating artery. From this 
point the two anterior cerebral arteries run 
side by side in the longitudinal cerebral fis- 
sure, curve around the genu of the corpus 
callosum and, turning backward, continue 
along the upper surface of the corpus callo- 
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Fig. 8-28. The arteries at the base of the brain. The temporal pole of the left cerebral hemisphere (reader's right) has 
been removed to reveal the course taken by the middle cerebral artery to the lateral sulcus of the cerebral cortex. (From 
Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, 1975.) 
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Fic. 8-29. Branches of the middle cerebral artery to the lateral surface of the cerebral hemisphere. 
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sum to its posterior part. Here they end by 
anastomosing with the posterior cerebral 
arteries. 


Branches of the 
Antertor Cerebral Artery 


In addition to the anterior communicating 
artery, each anterior cerebral artery gives 
off central branches and, within the longi- 
tudinal cerebral fissure, several cortical 
branches. These latter vessels can best be 
seen coursing over the anterior medial sur- 
face of the cerebral hemisphere when the 
brain is sagittally sectioned through the mid- 
line. The branches of the anterior cerebral 
arveLy are: 


Anterior Communicating 

Anteromedial branches 
Central Branches 

Recurrent (Medial striate) 
Cortical Branches 

Orbital 

Frontal 

Parietal 


ANTERIOR COMMUNICATING arTeRY. This 
artery connects the two anterior cerebral 
arteries across the commencement of the 
longitudinal fissure (Figs. 8-28; 8-32). Usually 
forming the anterior anastomosis of the arte- 
rial circle of Willis, the vessel varies in its 
configuration and may be completely absent, 
doubled, or even tripled. Its length averages 
about 4mm, but varies greatly and it may be 
slender or wide. It gives off some anteromed- 
ial branches that course toward the optic 
chiasma. 
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showing areas supplied by the three cerebral arteries. 


CENTRAL BRANCHES. ‘The first, or proximal, 
part of the anterior cerebral artery gives off 
several small vessels, which pierce the ante- 
rior perforated substance and the lamina ter- 
minalis, to supply the rostrum of the corpus 
callosum and the septum pellucidum. Addi- 
tionally, a larger vessel, the recurrent artery 
(of Heubner!), also called the medial striate 
artery, arises just beyond the anterior com- 
municating artery. Phylogenetically, it is one 
of the oldest of the cerebral arteries. It takes 
a rather long recurrent course laterally and 
backward over the anterior perforated sub- 
stance and pierces the brain. Ascending in 
the anterior limb of the internal capsule, the 
recurrent artery supplies the lower anterior 
portion of the basal ganglia, including the 
lower part of the head of the caudate nu- 
cleus, the lower part of the frontal pole of 
the putamen, the frontal pole of the globus 
pallidus, and the anterior limb of the inter- 
nal capsule up to the dorsal limit of the glo- 
bus pallidus. 

CORTICAL BRANCHES. Cortical branches 
of the anterior cerebral artery arise from 
that vessel as it courses backward over the 
corpus callosum (Fig. 8-29). They ramify 
over the anterior medial surface of the cere- 
bral hemisphere and are named according to 
their distribution. Two or three orbital 
branches are distributed to the orbital sur- 
face of the frontal lobe, where they supply 
the olfactory lobe, gyrus rectus, and medial 
orbital gyrus. 

There are at least two large frontal 
‘Johann O. Heubner (1843-1926): A German pediatric 
neurologist (Berlin). 


branches, the frontopolar and_ calloso- 
marginal arteries. The frontopolar artery 
usually arises from the anterior cerebral just 
below the genu of the corpus callosum, and 
it supplies the medial aspect of the superior 
frontal gyrus, extending branches over the 
edge of the hemisphere to the lateral aspect 
of the superior and middle frontal gyri. The 
callosomarginal artery usually branches 
just anterior to the genu of the corpus callo- 
sum (Fig. 8-30). It supplies the corpus callo- 
sum, the cingulate gyrus, part of the medial 
surface of the superior frontal gyrus, and the 
precentral and postcentral gyri. 

The anterior cerebral artery continues 
posteriorly in the cingulate sulcus as far as 
the parieto-occipital sulcus. Beyond the ori- 
gin of the callosomarginal artery, the ante- 
rior cerebral is often called the pericallosal 
artery (Fig. 8-30). From this are derived the 
anterior and posterior parietal branches, 
which supply the medial surface of the pre- 
cuneate gyrus and adjacent areas (Fig. 8-30). 


MIDDLE CEREBRAL ARTERY 


The middle cerebral artery is the largest 
branch of the internal carotid and one of its 
terminal branches (Figs. 8-28; 8-30; 8-31). Ini- 
tially coursing laterally to enter the lateral 
sulcus (or Sylvian! fissure), it then runs 
backward and upward on the surface of the 
insula, where it divides into a number of 
branches that are distributed to the lateral 
surface of the cerebral hemisphere. 


Branches of the 
Middle Cerebral Artery 


Similar to the anterior cerebral, the mid- 
dle cerebral artery gives off both central and 
cortical branches. The central branches are 
distributed to deep structures, while the cor- 
tical branches ramify more superficially in 
the sulci of the dorsal and lateral aspects of 
the cerebral cortex. The branches of the 
middle cerebral artery are subdivided as fol- 
lows: 


Central Branches 
Striate (Lateral striate) 
Cortical Branches 
Orbital 


1Franciscis Sylvius (Latin form of Frangois Dubois or de 
la Boé, 1614-1672): A Dutch physician and anatomist 
(Leyden). 
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Frontal 
Parietal 
Temporal 


CENTRAL BRANCHES. The central branches 
of the middle cerebral artery arise soon after 
that vessel enters the lateral sulcus. Usually 
more than 10 but less than 15 delicate striate 
(lenticulostriate) arteries pierce the floor of 
the lateral sulcus to achieve subcortical 
structures. These vessels supply the corpus 
striatum, including the upper part of the 
head and entire body of the caudate nucleus, 
and much of the lentiform nucleus. Of the 
latter structure, the striate arteries supply 
the internal capsule above the level of the 
globus pallidus and they even extend into 
the thalamus. One of the larger striate ar- 
teries, which courses between the lentiform 
nucleus and external capsule and passes 
through the internal capsule to terminate in 
the caudate nucleus, is especially prone to 
hemorrhage. It has been called “the artery of 
cerebral hemorrhage” by Charcot,” and is 
the vessel frequently involved in cerebral 
stroke. 

CORTICAL BRANCHES. Cortical branches 
of the anterior cerebral artery arise as the 
vessel courses posterosuperiorly in the lateral 
gyrus (Figs. 8-30; 8-31). The orbital branches, 
which include the orbitofrontal artery, 
supply the inferior frontal gyrus (Broca’s® 
convolution) and the lateral part of the 
orbital surface of the frontal lobe. The 
ascending frontal branches supply the pre- 
central gyrus, the middle frontal gyrus, and 
part of the inferior frontal gyrus. The ante- 
rior and posterior parietal branches ascend 
to the postcentral gyrus, the lower part of the 
superior parietal lobule, and the inferior 
parietal lobule. Parietotemporal and _ pari- 
eto-occipital branches supply the supramar- 
ginal and angular gyri, extending to the pari- 
eto-occipital sulcus (Fig. 8-29). The anterior, 
middle, and posterior temporal branches of 
the middle cerebral artery are distributed to 
the lateral surface of the temporal lobe, and 
they supply the superior, middle, and infe- 
rior temporal gyri from the temporal pole 
anteriorly up to the occipital gyri posteriorly 
(Fig. 8-29), 


27ean M. Charcot (1825-1893): A French neurologist 
(Paris). 

3Pierre P. Broca (1824-1880): A French surgeon and 
neurologist (Paris). 
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Ftc. 8-31. Angiogram of normal left internal carotid artery showing its intracerebral branches, lateral view. 1, Ante- 
rior cerebral artery. 2, Middle cerebral artery. 3, Ophthalmic artery. 4, Posterior cerebral artery. 5, Posterior communi- 
cating artery. 6,7, and 8, Petrous, cavernous and cerebral portions of internal carotid artery. (From Taveras and Wood, 
Diagnostic Neuroradiology, 1964.) 


POSTERIOR COMMUNICATING ARTERY 


The posterior communicating artery arises 
from the posterior aspect of the internal ca- 
rotid artery just before that vessel terminates 
into the anterior and middle cerebral ar- 
teries (Figs. 8-28; 8-32). It occasionally arises 
from the middle cerebral artery. Coursing 
backward over the optic tract and the oculo- 
motor nerve, the posterior communicating 
artery anastomoses with the posterior cere- 
bral artery, a branch of the basilar. It varies 
in size, being sometimes small and occasion- 
ally so large that the posterior cerebral may 
be considered as arising from the internal 
carotid rather than from the basilar. It is fre- 
quently larger on one side than on the other 
and the vessel may even be doubled. Central 
branches of the posterior communicating 
artery immediately enter the base of the cer- 





ebrum by piercing the posterior perforated 
substance, lateral and posterior to the infun- 
dibulum. These supply the anterior one- 
third of the posterior limb of the internal 
capsule, the medial thalamus, and the tissue 
adjacent to the third ventricle. 


ANTERIOR CHOROIDAL ARTERY 


The anterior choroidal artery arises from 
the posterior aspect of the internal carotid 
artery, near the origin of the posterior com- 
municating artery. It is a relatively slender 
vessel that passes backward along the course 
of the optic tract and around the cerebral 
peduncles as far as the lateral geniculate 
body of the thalamus. It then courses be- 
neath the uncinate gyrus, enters the choroid 
fissure to achieve the inferior horn of the lat- 
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Fic. 8-32. Diagram of the principal vessels that contribute to and branch from the arterial circulation at the base of 


the brain. 


eral ventricle, and ramifies in the choroid 
plexus. Along its course, branches are sup- 
plied to the optic tract, the cerebral pedun- 
cles, the lateral geniculate body, the optic 
radiation, the tail of the caudate nucleus, the 
posterior limb of the internal capsule, the 
globus pallidus, the hippocampus and fibria, 
and the choroid plexus. 


ARTERIAL CIRCLE (OF WILLIS) 


Because the mode of distribution of the 
vessels of the brain has an important bearing 
on a considerable number of the central 
nervous system lesions, it is important to 
consider a little more in detail the manner in 
which the vessels are distributed. 

All the arterial blood to the brain is de- 
rived from the internal carotid and vertebral 
arteries, which at the base of the brain form 


a remarkable anastomosis known as the ar- 
terial circle of Willis (Figs. 8-28; 8-32). It is 
formed anteriorly by the anterior cerebral 
arteries, branches of the internal carotid that 
are interconnected by the anterior commu- 
nicating artery, and posteriorly by the two 
posterior cerebral arteries, which are 
branches of the basilar artery and are con- 
nected on either side with the internal ca- 
rotid artery by the posterior communicating 
artery (Figs. 8-36; 8-37). The arterial circle 
underlies the hypothalamus, and the struc- 
tures it encircles include the lamina termi- 
nalis, the optic chiasma, the infundibulum, 
the tuber cinereum, the mammillary bodies, 
and the posterior perforated substance. The 
three trunks that supply the cerebral hemi- 
sphere on each side all stem from the arterial 
circle. From its anterior part issue the two 
anterior cerebral arteries, from its anterolat- 
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eral parts stem the middle cerebral arteries, 
and from its posterior part arise posterior 
cerebral arteries. Each of these principal ar- 
teries contributes vessels that form a contin- 
uous complex network of capillaries, which 
is of different density in various parts of the 
central nervous system in relation to the 
varying requirements of the different re- 
gions. Thus, in comparison to white matter, 
the gray matter of the brain has a much 
higher oxygen consumption and, as ex- 
pected, has a much denser capillary bed. 

The cortical branches of the cerebral ar- 
teries that supply the surface of the brain 
anastomose quite freely, but significantly 
large arterial anastomoses of central 
branches are rare. There is no unequivocal 
evidence for the existence of arteriovenous 
anastomoses either in the pia or deep 
within the brain substance. True end arteries 
are arteries that have no connections with 
neighboring vessels. These are quite rare, 
but perhaps the best example is the central 
artery of the retina, which, when occluded, 
results in central retinal degeneration and a 
permanent loss of sight. Deeply coursing 
central vessels in the brain only anastomose 
with surrounding vessels at five capillary 
levels. Because of the high vulnerability of 
brain tissue to a lack of oxygen, a sudden 
occlusion of a main arterial trunk will result 
in an ischemic region consistent with the 
zone supplied by the occluded vessel. The 
inefficiency of the capillary anastomoses 
among centrally coursing arteries in the 
brain and their lack of practical benefit 
make them functional end arteries. 


Subclavian Artery 


The subclavian artery supplies major ves- 
sels and branches to the brain, neck, anterior 
thoracic wall, and shoulder. The main trunk 
continues through the axilla as the axillary 
artery and achieves the arm, where it is 
called the brachial artery. The subclavian 
artery arises differently on the two sides. On 
the right side it stems from the brachioce- 
phalic trunk, deep to the right sternoclavicu- 
lar articulation (Figs. 8-20; 8-24; 8-33: 8-34). 
On the left side it arises from the arch of the 
aorta. The first part of the two vessels differs 
in length, course, direction, and relation- 
ships to neighboring structures. To facilitate 
their description, each subclavian artery is 
divided into three parts. The first portion ex- 


tends from the origin of the vessel to the 
medial border of the scalenus anterior mus- 
cle; the second portion lies deep to this mus- 
cle; and the third portion extends from the 
lateral margin of the muscle to the outer bor- 
der of the first rib where it becomes the axil- 
lary artery. The first portion of each vessel 
requires separate description; the second 
and third parts of the two subclavian ar- 
teries are practically the same. 


VARIATIONS. The subclavian arteries vary in their 
Origin, their course, and the height to which they 
rise in the neck. 

The right subclavian artery may arise from the 
brachiocephalic trunk, in some instances above and 
in others below the sternoclavicular joint. The artery 
may arise as a separate trunk from the arch of the 
aorta, and may be either the first, second, third, or 
even the last branch derived from the arch. Gener- 
ally, however, it is the first or last. When it is the first 
branch, the right subclavian occupies the ordinary 
position of the brachiocephalic trunk. When it is the 
second or third branch, the artery achieves its usual 
position by passing behind the right common ca- 
rotid artery. When the right subclavian arises as the 
last branch, it stems from the left extremity of the 
arch and passes obliquely toward the right side, usu- 
ally dorsal to the trachea, esophagus, and right com- 
mon carotid (sometimes between the esophagus and 
trachea) to the upper border of the first rib, from 
which it follows its usual course. In rare instances, 
the right subclavian artery arises from the thoracic 
aorta, as far down as the fourth thoracic vertebra. It 
may occasionally perforate the scalenus anterior, 
and more rarely, it passes anterior to that muscle. 
Sometimes the subclavian vein passes with the ar- 
tery behind the scalenus anterior. The artery may 
ascend as high as 4 cm above the clavicle, or may 
only ascend to the upper border of that bone; usu- 
ally the right subclavian ascends higher than the left. 

The left subclavian artery is occasionally joined 
at its origin with the left common carotid. It is more 
deeply placed than the right subclavian in the first 
part of its course and usually does not reach quite as 
high a level in the neck. 


FIRST PART 
OF THE RIGHT 
SUBCLAVIAN ARTERY 


The first part of the right subclavian artery 
arises from the brachiocephalic trunk, deep 
to the cranial part of the right sternoclavicu- 
lar articulation, and passes upward and lat- 
erally to the medial margin of the scalenus 
anterior (Figs. 8-20; 8-24). It arches a little 
above the clavicle, but the height to which it 
rises varies in different individuals. 


RELATIONS. The first part of the right subclavian 
artery is covered anteriorly by the skin, superficial 
fascia, platysma, deep fascia, the clavicular origin of 
the sternocleidomastoid, as well as the sternohyoid, 
the sternothyroid, and another layer of the deep fas- 
cia. It is crossed by the internal jugular and vertebral 
veins, by the right vagus nerve and the sympathetic 
and vagal cardiac branches, and by the subclavian 
loop of the sympathetic trunk, called the ansa sub- 
clavia, which forms a ring around the vessel. The 
anterior jugular vein is directed laterally, anterior to 
the artery, but is separated from it by the sternohy- 
oid and sternothyroid muscles. Posteriorly and infer- 
iorly, the artery is in contact with the pleura, which 
separates it from the apex of the lung. Posteriorly is 
found the sympathetic trunk, the longus colli mus- 
cle, and the first thoracic vertebra. The right recur- 
rent laryngeal nerve winds around the proximal part 
of the vessel. 


FIRST PART 
OF THE LEFT 
SUBCLAVIAN ARTERY 


The first part of the left subclavian artery 
arises from the arch of the aorta behind the 
left common carotid artery at the level of the 
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fourth thoracic vertebra (Figs. 8-33; 8-34). It 
ascends in the superior mediastinum to the 
root of the neck and then arches laterally to 
the medial border of the scalenus anterior 
muscle. 


RELATIONS. The first part of the left subclavian 


artery is related anteriorly to the vagus, cardiac, and 
phrenic nerves which course parallel to it in the tho- 
rax. In addition, the left common carotid artery, left 
internal jugular and vertebral veins, and the com- 
mencement of the left brachiocephalic vein lie in 
front of the thoracic part of the subclavian artery; all 
these are covered by the sternothyroid, sternohyoid, 
and sternocleidomastoid muscles. Posteriorly, it is 
related to the esophagus, thoracic duct, left recur- 
rent laryngeal nerve, inferior cervical ganglion of the 
sympathetic trunk, and longus colli muscle. More 
superiorly, however, the esophagus and thoracic 
duct lie to its right side, the latter ultimately arching 
over the vessel to join the angle of union between 
the subclavian and internal jugular veins. Media/ to 
the left subclavian artery are the trachea, esopha- 
gus, thoracic duct, and left recurrent laryngeal 
nerve, while /atera/ to it are found the left mediasti- 
nal pleura and lung. 
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Fic. 8-33. The subclavian and axillary arteries with their branches. (Redrawn after Rauber-Kopsch.) 
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SECOND PART 
DF THE 
SUBCLAVIAN ARTERY 


The second part of the subclavian artery 
lies behind the scalenus anterior muscle 
(Figs. 8-20; 8-33). It is very short, measuring 
only about 2cm in length, and forms the 
highest part of the arch achieved by the ves- 
sel in the root of the neck. 


RELATIONS. The second part of the subclavian 
artery is covered anteriorly by the skin, superficial 
fascia, platysma, deep cervical fascia, sternocleido- 
mastoid, and scalenus anterior. On the right side of 
the neck the phrenic nerve is separated from the 
second part of the artery by the scalenus anterior, 
while on the left side the nerve crosses the first part 
of the artery close to the medial edge of the muscle. 
Posterior to the vessel are the suprapleural mem- 
brane, the pleura, and the scalenus medius muscle; 
superiorly, are found the upper two trunks of the 
brachial plexus; and inferiorly, the pleura and lung. 
The subclavian vein lies anterior and inferior to the 
artery, separated from it by the scalenus anterior 
muscle. 


THIRD PART 
OF THE 
SUBCLAVIAN ARTERY 


The third part of the subclavian artery 
continues its course inferolaterally from the 
lateral margin of the scalenus anterior to the 
outer border of the first rib, where it be- 
comes the axillary artery (Figs. 8-20; 8-33). 
This, the most superficial portion of the ves- 
sel, crosses the supraclavicular or subcla- 
vian triangle (Fig. 8-19). The posterior border 
of the sternocleidomastoid muscle corre- 
sponds closely to the lateral border of the 
scalenus anterior. Thus, the third part of the 
subclavian artery is the most accessible for 
surgical procedures, since it can be achieved 
immediately lateral to the lower part of the 
posterior border of the sternocleidomastoid 
muscle. 


RELATIONS. The third part of the subclavian ar- 
tery is covered anteriorly by the skin, the superficial 
fascia, the platysma, the supraclavicular nerves, and 
the deep cervical fascia. The external jugular vein 
crosses its medial part and receives the suprascapu- 
lar, transverse cervical, and anterior jugular veins, 
which frequently form a plexus in front of the artery. 
The nerve to the subclavius muscle descends be- 
tween the artery and veins. The terminal part of the 
artery lies behind the clavicle and subclavius muscle 
and is crossed by the suprascapular vessels. The 


subclavian vein is anterior and slightly inferior to the 
artery. Posteriorly, the third part of the subclavian 
artery lies on the inferior trunk of the brachial 
plexus, which intervenes between the vessel and the 
scalenus medius muscle. The upper two trunks of 
the brachial plexus and the inferior belly of the 
omohyoid muscle are superior and lateral to the ar- 
tery. /nferiorly, it rests on the upper surface of the 


first rib. 
COLLATERAL CIRCULATION. After ligature of the 


third part of the subclavian artery, collateral circula- 
tion is established mainly by anastomoses between 
the suprascapular, the descending ramus of the 
transverse cervical artery, and the subscapular ar- 
tery. An anastomosis also exists between branches 
of the internal thoracic, lateral thoracic, and sub- 
scapular arteries. 


Branches of the 
Subclavian Artery 


The branches of the subclavian artery and 
the vessels derived from these branches help 
to supply the brain, the neck, the thoracic 
wall, and the shoulder region. They include: 


Vertebral 

Basilar 
Thyrocervical trunk 
Internal thoracic 
Costocervical trunk 
Descending scapular 


On the left side, all the branches except the 
descending scapular artery arise from the 
first part of the subclavian artery. On the 
right side, the costocervical trunk more fre- 
quently stems from the second part of the 
subclavian artery. On both sides, the verte- 
bral artery, thyrocervical trunk, and internal 
thoracic artery arise close together at the 
medial border of the scalenus anterior. In 
most instances, there is a free interval of 1.25 
to 2.5cm between the commencement of the 
artery and the origin of the nearest branch. 
There is quite a variation in the origin of the 
vessels, which course laterally at the base of 
the posterior triangle of the neck, but usually 
one branch stems directly from the third 
part of the subclavian artery, which passes 
laterally behind the brachial plexus. 


VERTEBRAL ARTERY 


The vertebral artery is the first and usually 
the largest branch of the subclavian, arising 
quite deep in the neck from the upper and 
posterior surface of the vessel (Figs. 8-20: 


Massa tntermedia 
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Post. 
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8-28; 8-32 to 8-36). It angles backward to the 
transverse process of the sixth cervical ver- 
tebra and runs superiorly through its fora- 
men and the foramina in the transverse 
processes of the other upper five cervical 
vertebrae to the inferior surface of the skull. 
After penetrating the foramen in the atlas it 
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bends abruptly medialward around the lat- 
eral surface of the superior articular process 
to lie in a groove on the cranial surface of the 
posterior arch of the atlas. It passes under an 
arch in the posterior atlanto-occipital mem- 
brane (Figs. 5-11; 5-14), makes an abrupt 
bend to enter the cranial cavity through the 
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Fic. 8-34. Cervical and intracranial course of the left vertebral artery and its branches. (From Krayenbuhl and 


Yasargil, Cerebral Angiography, 1968.) 
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foramen magnum, and, after a short course, 
joins the other vertebral to form the basilar 
artery. 


RELATIONS The vertebral artery may be divided 
into four parts. The first part courses upward and 
posteriorly in the neck between the longus colli and 
the scalenus anterior muscles. Anteriorly it is related 
to the internal jugular and vertebral veins, and it is 
crossed by the inferior thyroid artery. The left verte- 
bral artery is crossed also by the thoracic duct. Pos- 
terior to the first part of the vertebral artery are the 
transverse process of the seventh cervical vertebra, 
the sympathetic trunk, and the cervicothoracic (stel- 
late) ganglion. The second part of the vertebral ar- 
tery ascends in the neck through the foramina in the 
transverse processes of the first six cervical verte- 
brae; it is surrounded by branches from the cervico- 
thoracic sympathetic ganglion and by a plexus of 
veins that unite to form the vertebral vein at the cau- 
dal part of the neck. It is situated anterior to the 
ventral rami of the upper cervical nerves and pur- 
sues an almost vertical course as far as the foramen 
in the transverse process of the axis. After coursing 
through this foramen, it runs lateralward to the fora- 
men in the transverse process of the atlas. The third 
part of the vertebral artery issues from the latter 
foramen on the medial aspect of the rectus capitis 
lateralis muscle and curves behind the lateral mass 
of the atlas, the anterior ramus of the first cervical 
nerve being on its medial side. It then lies in the 
groove on the superior surface of the posterior arch 
of the atlas and enters the vertebral canal by passing 
under the arched margin of the posterior atlanto- 
occipital membrane. This part of the artery is cov- 
ered by the semispinalis capitis muscle and is con- 
tained in the suboccipital triangle, a region 
bounded by the rectus capitis posterior major, the 
obliquus superior, and the obliquus inferior (Fig. 
6-22). The first cervical or suboccipital nerve lies 
between the artery and the posterior arch of the 
atlas. The fourth part of the vertebral artery pierces 
the dura mater and inclines medially to the anterior 
aspect of the medulla oblongata. It is placed be- 
tween the hypoglossal nerve and the anterior root of 
the first cervical nerve and beneath the first digitation 
of the ligamentum denticulatum. At the inferior bor- 
der of the pons, it unites with the vessel of the oppo- 
site side to form the basilar artery. 


Branches of the 
Vertebral Artery 


The branches of the vertebral artery may 
be divided into two sets: those given off in 
the neck and those within the cranium. 


Cervical Branches 
Spinal 
Muscular 


Cranial Branches 
Meningeal 
Posterior spinal 
Anterior spinal 
Posterior inferior cerebellar 
Medullary 


SPINAL BRANCHES. Spinal branches of the 
vertebral artery enter the vertebral canal 
through the intervertebral foramina, and 
each divides into two branches. Of these, 
one passes along the roots of the nerves to 
supply the spinal cord and its membranes, 
anastomosing with the other arteries of the 
spinal cord. The other divides into an as- 
cending and a descending branch, which 
unite with similar branches from arteries of 
adjacent segments above and below, so that 
two lateral anastomotic chains are formed 
on the dorsal surfaces of the bodies of the 
vertebrae, near the attachment of the pedi- 
cles. From these anastomotic chains some 
branches are supplied to the periosteum and 
the bodies of the vertebrae, while others 
form communications with similar branches 
from the opposite side. Arising from these 
communications are small twigs that join 
similar branches, both above and below, to 
form a central anastomotic chain on the dor- 
sal surface of the bodies of the vertebrae. 

MUSCULAR BRANCHES. Muscular branches 
are given off the vertebral artery to the deep 
muscles of the neck as that vessel curves 
around the lateral mass of the atlas (Fig. 8- 
35). They anastomose with the occipital ar- 
tery and with the ascending and deep cervi- 
cal arteries. 

MENINGEAL BRANCH. One or two small 
meningeal branches arise from the vertebral 
artery at the level of the foramen magnum. 
They ramify between the bone and dura 
mater in the cerebellar fossa, and they sup- 
ply the falx cerebelli. 

POSTERIOR SPINAL ARTERY. The posterior 
spinal artery may originate from the intra- 
cranial portion of the vertebral artery at the 
side of the medulla oblongata, or from the 
posterior inferior cerebellar artery. Passing 
dorsally, it descends on the medulla beyond 
the spinomedullary junction, lying ventral to 
the dorsal roots of the spinal nerves. As the 
vessel descends on the posterolateral aspect 
of the spinal cord, it becomes reinforced by 
a succession of spinal branches and _ is 
thereby continued to the end of the spinal 


cord and the cauda equina. Branches from 
the posterior spinal arteries form a free anas- 
tomosis around the dorsal roots of the spinal 
nerves, communicating by means of tortu- 
ous transverse branches with vessels of the 
opposite side. Close to its origin each poste- 
rior spinal artery gives off an ascending 
branch that ramifies in the lateral wall of 
the fourth ventricle. 

ANTERIOR SPINALARTERY. The anterior spi- 
nal artery is a vessel formed by the junction 
of two branches, one from each vertebral 
artery (Figs. 8-28; 8-32; 8-35; 8-36). The 
branches arise near the point at which the 
two vertebral arteries join to form the basi- 


Fic. 8-35. Angiogram of the vertebral artery showing 
the anterior spinal artery descending in the spinal cord 
{open arrows) and anastomotic radicular branches (solid 
arrows) which enter the cord with the cervical roots of 
the spinal nerves. (From Newton and Mani, Radiology of 
the Skull and Brain, 1974.) 
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lar artery. Each branch descends ventral to 
the medulla and generally unites within 
about 2 cm from its origin at about the level 
of the foramen magnum. The single trunk 
thus formed descends in the anterior median 
fissure of the spinal cord, and it is reinforced 
by a succession of small branches that enter 
the vertebral canal through the interverte- 
bral foramina. These branches are derived 
from the vertebral and the ascending cervi- 
cal branch of the inferior thyroid artery in 
the neck, the intercostal arteries in the tho- 
rax, and the lumbar, iliolumbar, and lateral 
sacral arteries of the posterior abdominal 
and pelvic wall. These vessels anastomose 
by means of ascending and descending 
branches to form a single anterior median 
artery, which extends as far as the lower 
part of the spinal cord and is continued as a 
slender twig on the filum terminale. Cours- 
ing within the pia mater, the anterior spinal 
artery helps to supply that membrane and 
the substance of the spinal cord, and it also 
sends off branches at its caudal part to be 
distributed to the cauda equina. 

POSTERIOR INFERIOR CEREBELLAR ARTERY. 
The posterior inferior cerebellar artery is the 
largest branch of the vertebral artery (Figs. 
8-28; 8-32; 8-33; 8-36). Although this artery 
varies greatly in its course and distribution, 
it most often arises from the vertebral ap- 
proximately 1.5cm before the vertebrals 
unite to form the basilar, but occasionally it 
is absent. It courses at first laterally and then 
posteriorly around the lower end of the olive 
of the medulla oblongata. Passing between 
the rootlets of the glossopharyngeal and 
vagus nerves, over the inferior peduncle to 
the inferior surface of the cerebellum, the 
artery divides into two branches. The medial 
branch is continued posteriorly to the notch 
between the two hemispheres of the cerebel- 
lum, while the lateral branch supplies the 
inferior surface of the cerebellum as far as 
its lateral border. Here it anastomoses with 
the anterior inferior cerebellar and the supe- 
rior cerebellar branches of the basilar artery. 
Branches from the posterior inferior cerebel- 
lar artery also supply penetrating branches 
to the medulla as well as to the choroid 
plexus of the fourth ventricle. 

MEDULLARY BRANCHES. Several small 
medullary vessels branching from the verte- 
bral artery are distributed to the medulla 
oblongata. 
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BASILAR ARTERY 


The basilar artery is formed by the junc- 
tion of the two vertebral arteries (Figs. 8-28; 
8-32: 8-34; 8-36). As a single vascular trunk, it 
courses superiorly in a shallow median 
groove on the anterior surface of the pons. It 
extends from the pontomedullary sulcus, 
which demarcates the rostral medulla and 
caudal pons, to the level of the emerging 
oculomotor nerves from the caudal mid- 
brain. The basilar artery is often tortuous 
and may be slightly curved in its rostral 
course along the brain stem. Its length varies 
from 2.5 to 4.0 cm, and after passing between 
the two oculomotor nerves, the artery termi- 
nates by dividing into the two posterior cere- 
bral arteries. 


Branches of the Basilar Artery 


In its course the basilar artery gives off the 
following branches on both sides: 


Pontine 
Labyrinthine 
Anterior inferior cerebellar 


Mammillary 


body 
Posterior communicating artery 
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PONTINE BRANCHES. The pontine branches 
of the basilar artery consist of a number of 
small vessels that supply the pons and mid- 
brain (Fig. 8-32). Median vessels arise at right 
angles from the posterior aspect of the basi- 
lar and enter the pons along its anterior me- 
dian groove. Transverse branches arise from 
the posterolateral and lateral aspects of the 
basilar, and in their circumferential course 
around the brain stem, they send penetrating 
vessels into the pons. 

LABYRINTHINE ARTERY. Also known as the 
internal auditory artery, the labyrinthine 
artery is a long slender branch that arises 
near the middle of the basilar artery (Figs. 
8-28; 8-32). It accompanies the facial and ves- 
tibulocochlear nerves through the internal 
acoustic meatus and is distributed to the in- 
ternal ear. It often arises from the anterior 
inferior cerebellar artery. 

ANTERIOR INFERIOR CEREBELLAR ARTERY. 
The anterior inferior cerebellar artery gener- 
ally arises from the lower third of the basilar 
artery (Figs. 8-28; 8-34; 8-36). Its course is 
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Fic. 8-36. The ventral surface of the medulla and pons showing the vertebral and basilar arteries and their branches. 
(From Taveras and Wood, Diagnostic Neuroradiology, 1964.) 


somewhat variable, but initially it usually 
courses laterally and posteriorly and lies in 
contact with either the dorsal (33%) or ven- 
tral (67%) aspect of the abducens nerve. Con- 
tinuing its downward course, the vessel fre- 
quently lies ventral to the roots of the facial 
and vestibulocochlear nerves. Often it forms 
a loop in relation to these nerves at the level 
of the internal acoustic meatus. The main 
trunk of the anterior inferior cerebellar ar- 
tery sends small branches into the lateral 
aspect of the pons. At the cerebellopontine 
angle, the artery divides into lateral and me- 
dial branches, which are distributed to the 
anterolateral and anteromedial parts of the 
inferior surface of the cerebellum. The ante- 
rior inferior cerebellar artery anastomoses 
with the posterior inferior cerebellar branch 
of the vertebral artery. 

SUPERIOR CEREBELLAR ARTERY. The supe- 
rior cerebellar artery arises a few millime- 
ters proximal to the termination of the basi- 
lar artery (Figs. 8-28; 8-34; 8-36). It passes 
lateralward immediately caudal to the ocu- 
lomotor nerve, which separates it from the 
posterior cerebral artery. It then winds 
around the cerebral peduncle, close to the 
trochlear nerve. Arriving at the superior sur- 
face of the cerebellum, which it supplies, it 
divides into branches that ramify in the pia 
mater and anastomose with those of the infe- 
rior cerebellar arteries. Several branches go 
to the midbrain, the pineal body, the ante- 
rior medullary velum, and the tela choroidea 
Sire Thirds ernnrialle sae 

POSTERIOR CEREBRAL ARTERY. Embryologi- 
cally, the posterior cerebral artery develops 
as a branch of the internal carotid artery 
and, in some instances, remains a branch of 
the internal carotid in the adult. In most in- 
stances, however, the posterior cerebral ar- 
teries are the terminal branches of the basi- 
lar artery, and they maintain their attach- 
ment to the internal carotid on each side 
by way of the posterior communicating 
artery, forming the posterior part of the arte- 
rial circle of Willis. The posterior cerebral 
artery is larger than the superior cerebellar 
artery, and it is separated from that vessel 
near its origin by the oculomotor nerve (Figs. 
8-28; 8-32; 8-36). Passing laterally, parallel to 
the superior cerebellar artery and receiving 
the posterior communicating artery from the 
internal carotid, it winds around the cere- 
bral peduncle and reaches the tentorial sur- 
face of the occipital lobe of the cerebrum, 
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where it breaks up into branches for the sup- 
ply of the temporal and occipital lobes. The 
posterior cerebral artery gives off central, 
posterior choroidal, and cortical branches. 
CENTRAL BRANCHES. The central branches 
of the posterior cerebral artery can be di- 
vided into mesencephalic and thalamic 
branches. The mesencephalic branches arise 
from the posterior surface of each posterior 
cerebral artery and enter the posterior perfo- 
rated substance to supply the interpeduncu- 
lar region of the midbrain as well as the cer- 
ebral peduncles themselves. Such important 
structures as the oculomotor nuclei, mesen- 
cephalic reticular formation, substantia 
nigra, and the corticospinal paths at the mid- 
brain level are supplied by these vessels. 
Additionally, circumflex mesencephalic 
branches pass around the midbrain to sup- 
ply perforating arteries to the peduncles and 
to the substantia nigra, as well as longer 
branches to dorsal tegmental structures. 
Anterior and posterior thalamic branches 
arise from the posterior cerebral artery to 
perforate and supply both hypothalamic and 
thalamic centers (Fig. 8-37). The anterior ~ 
thalamic branches supply the more caudal 
parts of the hypothalamus, including the 
mammillary bodies, as well as the optic tract. 
Certain of these vessels ascend through the 
hypothalamus to achieve the thalamus and 
thereby supply its anterior and ventromedial 
nuclei. Some posterior thalamic branches 
ascend through the posterior perforated sub- 
stance to supply the more posterior thalamic 
nuclei, while posterior thalamogeniculate 
vessels course more superiorly to supply the 
geniculate bodies (Newton and Potts, 1974). 
POSTERIOR CHOROIDAL BRANCHES. [WO or 
more posterior choroidal branches arise 
from the posterior cerebral artery. The (pos- 
terior) medial choroidal artery branches 
near the origin of the posterior cerebral and 
courses dorsally and medially around the 
midbrain, supplying the corpora quad- 
rigemina and the pineal gland (Figs. 8-37; 
8-38). It then courses forward to supply the 
roof of the third ventricle, ramifies within 
the choroid plexus of that ventricle, and 
sends penetrating branches to the dorsal 
medial nucleus of the thalamus and fre- 
quently to the pulvinar. The (posterior) lat- 
eral choroidal artery may arise singly or as 
multiple vessels from the posterior cerebral, 
but it may also arise from the parieto-occipi- 
tal branch of the posterior cerebral artery 
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The branches of the posterior cerebral artery as viewed on the medial aspect of the right cerebral hemi- 


sphere. (From Krayenbihl and Yasargil, Cerebral Angiography, 1968.) 


(Figs. 8-37; 8-38). One branch of the lateral 
choroidal artery courses laterally and enters 
the choroid fissure to supply the choroid 
plexus of the temporal horn. Another branch 
courses back behind the pulvinar to supply 
the choroid plexus of the lateral ventricle. 
Branches perforate into the thalamus to sup- 
ply the dorsomedial nucleus, the pulvinar, 
and the lateral geniculate bodies. Branches 
of the posterior medial and lateral choroidal 
arteries anastomose with each other (New- 
ton and Potts, 1974). 


CORTICAL BRANCHES. Generally there are 
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four cortical branches of the posterior cere- 
bral artery that supply the medial surface of 
the temporal and occipital lobes. They are 
the anterior temporal, posterior temporal, 
parieto-occipital, and occipital (calcarine) 
branches (Figs. 8-30; 8-31; 8-37). The anterior 
temporal branch extends laterally and ante- 
riorly beneath the temporal lobe to supply 
the uncus and parahippocampal gyrus, 
where it anastomoses with the anterior tem- 
poral branch of the middle cerebral artery. 
The posterior temporal branch courses back 
along the parahippocampal gyrus to supply 
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Fic 8-38. The course and branches of the posterior cerebral artery after it arises from the basilar artery. (From 
Wilson, The Anatomic Foundation of Neuroradiology of the Brain, 1972.) 


the medial and lateral occipitotemporal gyri. 
The parieto-occipital branch usually di- 
vides into a number of smaller vessels 
that course superiorly and posteriorly on 
the medial surface of the cerebral hemi- 
sphere to supply the precuneate and cuneate 
gyri. The occipital (calcarine) branch sup- 
plies the primary visual cortex by following 
the calcarine sulcus as far as the occipital 
pole. It supplies the lingual and cuneate gyri 
and frequently the occipital and parieto- 
occipital branches overlap somewhat in 
their distribution to the visual cortical re- 
celving area. 


THYROCERVICAL TRUNK 


The thyrocervical trunk is a short thick 
vessel that arises from the first portion of the 
subclavian artery, close to the medial border 
of the scalenus anterior muscle (Figs. 8-20; 
8-33; 8-34; 8-39; 8-40). Almost immediately it 
divides into the following three arteries: 


Inferior thyroid 
Suprascapular 
Transverse cervical 


Inferior Thyroid Artery 


The inferior thyroid artery courses 
cranially anterior to the vertebral artery and 
longus colli muscle. It then loops medially 
dorsal to the carotid sheath and its contents, 
as well as to the sympathetic trunk; the mid- 
dle cervical ganglion often rests on the ves- 
sel (Figs. 8-20; 8-33; 8-39; 8-40). Reaching the 
lower border of the thyroid gland, the 
inferior thyroid artery divides into two 
branches, which supply the inferior parts of 
the gland and anastomose with the superior 
thyroid artery and with the inferior thyroid 
artery of the opposite side. The recurrent 
laryngeal nerve courses superiorly in the 
neck, generally dorsal but occasionally ven- 
tral to the artery. 


Branches of the 
Inferior Thyroid Artery 


In addition to the terminal branches that 
supply the thyroid gland, the inferior thy- 
roid artery gives off the following branches: 


Inferior laryngeal 
Tracheal 
Esophageal 
Ascending cervical 
Muscular 
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INFERIOR LARYNGEAL ARTERY. The inferior 
laryngeal artery ascends upon the trachea to 
the dorsal part of the larynx under cover of 
the inferior pharyngeal constrictor muscle 
and in company with the recurrent laryngeal 
nerve. It supplies the muscles and mucous 
membrane of this region of the larynx, anas- 
tomosing with the branch from the opposite 
side and with the superior laryngeal branch 
of the superior thyroid artery. 

TRACHEAL BRANCHES. ‘Tracheal branches 
of the inferior thyroid artery are distributed 
to the trachea and anastomose inferiorly 
with the bronchial arteries and superiorly 
with tracheal branches from the superior 
thyroid artery. 

ESOPHAGEAL BRANCHES. The esophageal 
branches of the inferior thyroid artery sup- 
ply the esophagus and anastomose with 
esophageal branches that arise directly from 
the aorta. 

ASCENDING CERVICAL aRTERY. The ascend- 
ing cervical artery arises from the inferior 
thyroid as that vessel passes dorsal to the 
carotid sheath (Figs. 8-20; 8-33; 8-39; 8-40). It 
may arise directly from the thyrocervical 
trunk. It ascends in the neck on the anterior 
tubercles of the transverse processes of the 
cervical vertebrae in the interval between 
the scalenus anterior and longus capitis 
muscles. Lying parallel and medial to the 
phrenic nerve, the ascending cervical artery 
supplies some deep muscles of the neck with 
twigs that anastomose with branches of the 
vertebral artery. In addition, it sends one or 
two spinal branches into the vertebral canal 
through the intervertebral foramina to be 
distributed to the spinal cord and its mem- 
branes, and to the bodies of the vertebrae in 
the same way as spinal branches are distrib- 
uted from the vertebral artery. It anastomo- 
ses with the ascending pharyngeal and oc- 
cipital arteries, with branches of the 
external carotid artery, and with the verte- 
bral artery. 

MUSCULAR BRANCHES. Muscular branches 
of the inferior thyroid artery supply the 
infrahyoid, the longus colli, the scalenus an- 
terior, and the inferior pharyngeal constric- 
tor muscles. 


Suprascapular Artery 
The suprascapular artery passes initially 


downward and laterally across the scalenus 
anterior and the phrenic nerve, being cov- 
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Fic. 8-39. The subclavian artery and its branches showing the so-called Type | pattern in which the transverse 
cervical artery branches from the thyrocervical trunk, crosses the lower neck. and divides into a superficial branch, 
which ascends in the neck, and a deep branch, which descends to the medial scapular region. 


ered by the sternocleidomastoid muscle 
(Figs. 8-20; 8-33; 8-34; 8-39; 8-40). It then 
crosses in front of the subclavian artery and 
the brachial plexus, and running deep to and 
parallel with the clavicle and subclavius 
muscle and deep to the inferior belly of the 
omohyoid muscle, it reaches the superior 
border of the scapula. It passes over the su- 
perior transverse scapular ligament by 
which it is separated from the suprascapular 
nerve to enter the supraspinous fossa. 
Within the fossa it lies directly on the bone 
and sends branches to the overlying supra- 
spinatus muscle, which it supplies. It then 
winds laterally around the neck of the scap- 
ula, descending through the great scapular 
notch under cover of the inferior transverse 
scapular ligament to reach the infraspinous 
fossa. Here it supplies the infraspinatus mus- 
cle and anastomoses with the scapular cir- 
cumflex branch of the subscapular artery 
and the deep branch of the transverse cervi- 


cal (descending scapular) artery. Besides 
distributing branches to the sternocleido- 
mastoid, subclavius, and neighboring mus- 
cles, the suprascapular artery gives off a su- 
prasternal branch, which crosses over the 
sternal end of the clavicle to the skin of the 
chest, and an acCromial branch, which 
pierces the trapezius to supply the skin over 
the acromion, anastomosing with the acro- 
mial branch of the thoracoacromial artery. 
As the artery passes over the superior trans- 
verse scapular ligament, it sends a branch 
into the subscapular fossa, where it ramifies 
beneath the subscapularis muscle and anas- 
tomoses with the subscapular artery and 
deep branch of the transverse cervical (de- 
scending scapular) artery. It also sends artic- 
ular branches to the acromioclavicular and 
shoulder joint and nutrient branches to the 
clavicle and scapula. In about 25% of cadav- 
ers studied, the suprascapular artery arises 
from the third part of the subclavian artery. 


Descending scapular 


Ascending branch of 
descending scapular 
Descending branch of 
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Fic. 8-40. The subclavian artery and its branches showing the so-called Type II pattern in which the superficial 
cervical artery is derived from the thyrocervical trunk and the descending scapular artery arises from the third part of 
the subclavian. These vessels are distributed to the same regions as the superficial and deep branches of the transverse 


cervical artery of the Type | pattern. 
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Transverse Cervical Artery 


The transverse cervical artery, in more 
than half the specimens studied, arises as a 
single vessel and eventually divides into two 
main branches, a superficial and a deep 
branch (Fig. 8-39). In these instances, the 
transverse cervical artery stems from the 
thyrocervical trunk, but it may occasionally 
arise as a single vessel directly from the 
third part of the subclavian artery rather 
than from the thyrocervical trunk. When the 
transverse cervical artery does arise from 
the thyrocervical trunk, it passes laterally 
across the posterior cervical triangle in a 
position somewhat above and behind the 
suprascapular artery. Medially, it crosses 
superficial to the scalenus anterior and 
phrenic nerve and lies deep to the sterno- 
cleidomastoid muscle. Laterally, it crosses 
the trunks of the brachial plexus and ts cov- 


ered only by the platysma, the investing 
layer of deep fascia, and the inferior belly of 
the omohyoid. As the artery approaches the 
anterior margin of the trapezius, it divides 
into a superficial branch and a deep branch. 

In another large percentage of cadavers 
studied, there is no transverse cervical ar- 
tery as such, branching either from the 
thyrocervical trunk or from the third part of 
the subclavian artery (Fig. 8-40). In these in- 
stances, the regions supplied by the superfi- 
cial and deep branches of the transverse cer- 
vical artery become supplied by other 
arteries. Thus, the superficial branch of the 
transverse cervical artery becomes replaced 
by the superficial cervical artery, and the 
deep branch of the transverse cervical ar- 
tery becomes replaced by the descending 
scapular artery (also known as the dorsal 
scapular artery, a term no longer found in 
the Nomina Anatomica). 
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Because these two different vascular pat- 
terns are about equally represented in the 
specimens studied, the descriptions of the 
superficial and deep branches of the trans- 
verse cervical artery will be followed by 
descriptions of the superficial cervical artery 
and the descending scapular artery. 

SUPERFICIAL BRANCH OF TRANSVERSE CERVI- 
CAL ARTERY. The superficial branch of the 
transverse cervical artery is the principal 
blood supply to the trapezius muscle (Fig. 
8-39). Lying along the deep surface of this 
muscle, the artery divides into an ascending 
and a descending branch. The ascending 
branch courses superiorly along the anterior 
border of the trapezius, distributing 
branches to it and to neighboring muscles 
and anastomosing with the superficial part 
of the descending branch of the occipital ar- 
tery. The descending branch accompanies 
the accessory nerve along the deep surface 
of the trapezius, supplying the muscle. 

DEEP BRANCH OF TRANSVERSE CERVICAL AR- 
TERY, The deep branch of the transverse 
cervical artery supplies vessels to the levator 
scapulae and neighboring deep cervical 
muscles (Fig. 8-39). Passing deep to the leva- 
tor scapulae muscle, it reaches the superior 
angle of the scapula and passes down along 
the vertebral border to the inferior angle, 
lying deep to the rhomboid muscles and ac- 
companving the dorsal scapular nerve. It 
supplies muscular branches to the rhom- 
boid, serratus posterior superior, subscapu- 
laris, supraspinatus, and infraspinatus mus- 
cles and to other neighboring muscles. These 
branches anastomose with the suprascapu- 
lar, subscapular, and circumflex scapular 
arteries. 

SUPERFICIAL CERVICAL ARTERY. The super- 
ficial cervical artery is seen in cadavers that 
do not have a transverse cervical artery, and 
it corresponds to the superficial branch of 
the transverse cervical (Fig. 8-40). It arises 
from the thyrocervical trunk, as would the 
transverse cervical artery, but no vessel 
comparable to the deep branch of the trans- 
verse cervical artery stems from the superfi- 
cial cervical artery. It passes laterally across 
the posterior triangle of the neck, deep to the 
sternocleidomastoid muscle and superficial 
to the scalenus anterior muscle and phrenic 
nerve. It then courses cranially across the 
trunks of the brachial plexus to the anterior 
border of the trapezius muscle, where its as- 
cending branch supplies the upper part of 


the trapezius and neighboring muscles, 
anastomosing with the superficial descend- 
ing branch of the occipital artery, and its de- 
scending branch lies against the deep sur- 
face of the trapezius, supplying it with 
branches and accompanying the accessory 
nerve. 

DESCENDING SCAPULAR ARTERY. The de- 
scending scapular artery (sometimes still 
carelessly called the dorsal scapular artery) 
is observed in specimens in which there is 
no transverse cervical artery. Its distribution 
corresponds to that of the deep branch of the 
transverse cervical artery (Fig. 8-40). When 
present, the descending scapular artery has 
an independent origin from the third part of 
the subclavian artery instead of from the 
thyrocervical trunk. Occasionally it may 
arise from the second part of the subclavian 
artery. It passes upward for a short distance, 
then loops around the brachial plexus, fre- 
quently passing between the anterior and 
posterior divisions of the upper trunk. The 
vessel then courses downward toward the 
scapula and, at the border of the levator 
scapulae, divides into an ascending and a 
descending branch. The ascending branch 
supplies the levator scapulae and neighbor- 
ing deep cervical muscles. The descending 
branch, usually double, passes deep to the 
levator scapulae to the superior angle of the 
scapula, and then descends anterior to the 
rhomboid muscles along the medial border 
of the bone as far as its inferior angle. When 
there are two descending branches, the more 
medial is accompanied by the dorsal scapu- 
lar nerve, while the larger, more lateral ves- 
sel lies on the costal surface of the serratus 
anterior muscle. The descending branch(es) 
supplies the rhomboid, latissimus dorsi, and 
trapezius muscles and anastomoses with the 
suprascapular and subscapular arteries, and 
with the posterior branches of some of the 
intercostal arteries. 


INTERNAL THORACIC ARTERY 


The internal thoracic artery arises from 
the first portion of the subclavian artery 
about 2cm above the clavicle, opposite the 
thyrocervical trunk and close to the medial 
border of the scalenus anterior muscle (Fig. 
8-41). It descends behind the cartilages of the 
upper six ribs at a distance of about 1.25 cm 
from the margin of the sternum. At the level 


of the sixth intercostal space, the internal 
thoracic artery terminates by dividing into 
the musculophrenic and superior epigastric 
arteries. 


RELATIONS. As it descends toward the sternum, 
the internal thoracic artery lies deep to the sternal 
end of the clavicle, the subclavian and internal jugu- 
lar veins, and the first costal cartilage. As it enters 
the thorax, it passes close to the lateral aspect of the 
brachiocephalic vein, and the phrenic nerve crosses 
it obliquely from its lateral to its medial aspect. 
Below the first costal cartilage, it descends almost 
vertically to its point of bifurcation. It is covered an- 
teriorly by the cartilages of the first six ribs, by the 
intervening internal intercostal muscles, and by ex- 
ternal intercostal membranes. The vessel is crossed 
by the terminal portions of the first six intercostal 
nerves. Between the artery and the pleura is a deep 
fascial plane as far as the third costal cartilage, and 
below this level the transversus thoracis muscle sep- 
arates the vessel from the pleura. It is accompanied 
by a chain of lymph nodes and by a pair of veins that 
unite to form a single vessel, which ascends medial 
to the artery and ends in the corresponding brachio- 
cephalic vein. 


Branches of the 
Internal Thoracic Artery 


Among other structures, the branches of 
the internal thoracic artery help to supply 
the pericardium, pleura, thymus, and bron- 
chi, as well as the transverse thoracis, inter- 
costal, and pectoralis major muscles, the rec- 
tus abdominis and other anterior abdominal 
muscles, the diaphragm, and even the mam- 
mary gland in the female. Its branches are: 


Pericardiacophrenic 
Mediastinal 

Thymic 

Bronchial 

Sternal 

Anterior intercostal 
Perforating 

Lateral costal branch 
Musculophrenic 
Superior epigastric 


PERICARDIACOPHRENIC ARTERY. The peri- 
cardiacophrenic artery is a long, slender, 
and somewhat tortuous vessel that arises 
from the internal thoracic artery just after 
the latter vessel has entered the thorax (Figs. 
7-24; 8-39; 8-40). Accompanying the phrenic 
nerve to the diaphragm, which it helps to 
supply, the pericardiacophrenic artery 
courses between the pleura and _ pericar- 
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dium, and it sends branches to both these 
structures. [It anastomoses with the musculo- 
phrenic and the superior and _ inferior 
phrenic arteries (Fig. 7-24). 

MEDIASTINAL BRANCHES. The mediastinal 
branches of the internal thoracic artery are 
small vessels, distributed to the areolar tis- 
sue and lymph nodes in the anterior medias- 
tinum, and they also supply the upper part 
of the sternocostal surface of the pericar- 
dium. 

THYMIC BRANCHES. In the adult, the thy- 
mic branches are small and supply the re- 
mains of the thymus. In the infant and child. 
however, they are more significant vessels. 

BRONCHIAL BRANCHES. The bronchial 
branches from the internal thoracic artery, 
when present, are distributed to the bronchi 
and lower part of the trachea. 

STERNAL BRANCHES. Sternal branches of 
the internal thoracic arterv are distributed to 
the transversus thoracis muscle and to the 
posterior surface of the sternum. 

The mediastinal, pericardial, bronchial. 
and sternal branches, together with some 
twigs from the pericardiacophrenic, anasto- 
mose with branches from the posterior, in- 
tercostal, and bronchial arteries from the 
thoracic aorta to form a subpleural mediasti- 
nal plexus. 

ANTERIOR INTERCOSTAL ARTERIES. The an- 
terior intercostal branches of the internal 
thoracic artery supply the first five or six in- 
tercostal spaces, the remaining more caudal 
spaces being supplied by the musculo- 
phrenic branch. In each space, two small ar- 
teries pass laterally from the internal tho- 
racic, one each at the upper and lower 
margins of the intercostal space (Fig. 8-41). 
They supply the intercostal muscles and fi- 
nally anastomose with the external intercos- 
tal arteries from the aorta. At first the ante- 
rior intercostal arteries lie between the 
pleura and the internal intercostal muscles, 
and then more laterally between the inner- 
most and internal intercostal muscles. Some 
branches perforate through the external in- 
tercostal muscles to supply the pectoral 
muscles and the mammary gland. 

PERFORATING BRANCHES. ‘The perforating 
branches from the internal thoracic artery 
pierce the anterior thoracic wall in the first 
five or six intercostal spaces close to the ster- 
num (Fig. 8-41). These vessels course with 
the anterior cutaneous branches of the inter- 
costal nerves and penetrate the intercostal 
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Scalenus anterior muscle 
Thyrocervical trunk 
Common carotid artery 


Subclavian artery 





= Brachiocephalic trunk 
‘Se . Internal thoracic 


artery 


Anterior intercostal 
arteries 


Perforating branches 


Superior epigastric 
artery 


Musculophrenic 
artery 


Sheath of rectus abdominis 
muscle (post layer) 


Transversus abdominis 
muscle 


Inferior epigastric 
artery 


External iliac artery 


Fic. 8-41. The left internal thoracic artery and its branches. Observe the anastomosis between the superior and 


inferior epigastric arteries. 


muscles and pectoral fascia to achieve the 
deep surface of the pectoralis major muscle. 
They curve laterally as they become more 
superficial and supply the pectoralis major 
muscle and the skin. The arteries of the sec- 
ond, third, and fourth spaces give mammary 
branches to the breast in the female and be- 
come greatly enlarged during lactation. 

LATERAL COSTAL BRANCH. Although fre- 
quently absent or very small, the lateral cos- 
tal branch arises at times from the internal 
thoracic artery near the first rib. When pres- 
ent (about 25% of cadavers), it descends lat- 
eral to the costal cartilages and behind the 
ribs and anastomoses with the upper ante- 
rior intercostal arteries. 


MUSCULOPHRENIC ARTERY. The musculo- 
phrenic artery is one of the two terminal 
branches of the internal thoracic artery, and 
it is directed obliquely downward and later- 
ally, behind the cartilages of the eighth, 
ninth, and tenth ribs (Fig. 8-41). It perforates 
the diaphragm near the eighth or ninth cos- 
tal cartilage, and ends. considerably reduced 
in size, opposite the last intercostal space. It 
gives off two anterior intercostal branches to 
the seventh, cighth, and ninth intercostal 
spaces. These diminish in size as the inter- 
costal spaces decrease in length and are dis- 
tributed in a manner precisely similar to the 
anterior intercostals that branch directly 
from the internal thoracic. Some other 


branches of the musculophrenic artery 
course to the lower part of the pericardium, 
some course dorsally to the diaphragm, and 
still others course down to the abdominal 
muscles. 

SUPERIOR EPIGASTRIC ARTERY. The supe- 
rior epigastric artery is a terminal branch of 
the internal thoracic artery, and it continues 
in the original direction of the parent vessel 
(Fig. 8-41). It descends through the interval 
between the costal and sternal attachments 
of the diaphragm and enters the sheath of 
the rectus abdominis muscle. At first the 
superior epigastric muscle lies behind the 
rectus muscle, but then perforates and sup- 
plies the muscle and thereby anastomoses 
with the inferior epigastric artery from the 
external iliac. Branches eventually perforate 
the anterior layer of the rectus sheath and 
supply other anterior abdominal wall mus- 
cles and the overlying skin. A small branch 
passes in front of the xiphoid process and 
anastomoses with the artery of the opposite 
side. The superior epigastric artery also 
gives some twigs to the diaphragm, while 
from the artery on the right side, small 
branches extend into the falciform ligament 
of the liver and anastomose with the hepatic 
artery. 


COSTOCERVICAL TRUNK 


On the left side the costocervical trunk 
arises from the first part of the subclavian 
artery, medial to the scalenus anterior mus- 
cle. On the right side, however, it arises from 
the dorsal aspect of the second part of the 
subclavian artery, deep to the serratus ante- 
rior muscle. It courses upward and then 
arches backward above the cupula of the 
cervical pleura (Figs. 8-24; 8-34). Passing 
downward in front of the neck of the first 
rib, it divides into the supreme (highest) in- 
tercostal and deep cervical arteries. 

SUPREME INTERCOSTAL ARTERY. The su- 
preme or highest intercostal artery descends 
under the pleura anterior to the necks of the 
first and second ribs and anastomoses with 
the most superior of the intercostal arteries 
derived from the aorta, the one that courses 
in the third intercostal space (Figs. 8-24; 8-39, 
8-40). As the supreme intercostal artery 
crosses the neck of the first rib, it lies medial 
to the ventral ramus of the first thoracic 
nerve and lateral to the cervicothoracic gan- 
glion of the sympathetic trunk. The first pos- 
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terior intercostal artery branches from the 
supreme intercostal artery within the first 
intercostal space, and its distribution is the 
same as that of the lower posterior intercos- 
tal arteries that arise from the aorta. The 
supreme intercostal artery then descends, 
usually to become the second posterior in- 
tercostal artery, being joined by a branch 
from the highest of the aortic posterior inter- 
costal arteries (the third). This pattern is 
more common on the right side, but at times 
the second posterior intercostal artery is de- 
rived from the aorta. 

DEEP CERVICAL ARTERY. The deep cervical 
artery arises in most cases from the costo- 
cervical trunk and is analogous to the dorsal 
branch of an aortic posterior intercostal ar- 
tery (Figs. 8-24; 8-39; 8-40). Occasionally it 
springs as a separate branch from the sub- 
clavian artery. Passing dorsally above the 
eighth cervical nerve and between the trans- 
verse process of the seventh cervical verte- 
bra and the neck of the first rib, it ascends 
along the dorsum of the neck, between the 
semispinales capitis and cervicis muscles, as 
high as the axis. It supplies these and adja- 
cent muscles and anastomoses with the deep 
division of the descending branch of the oc- 
cipital artery and with branches of the verte- 
bral. It gives off a spinal twig, which enters 
the vertebral canal through the interverte- 
bral foramen between the seventh cervical 
and first thoracic vertebrae. 


DESCENDING SCAPULAR ARTERY 


In about half the cadavers studied, a de- 
scending scapular artery branches from the 
third part of the subclavian artery (Fig. 8-40). 
When this vessel is found, its distribution is 
usually similar to that of the deep branch of 
the transverse cervical artery. The vascular 
pattern in this region and the course of the 
descending scapular artery are described 
with the transverse cervical artery. 


Arteries of the 
Upper Limb 


The axis artery, which supplies the upper 
limb, continues from its origin to the elbow 
as a single trunk, but different portions of it 
are named according to the regions through 
which they pass. The part of the axis artery 
that extends from its origin to the outer bor- 
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der of the first rib is termed the subclavian 
artery. Beyond this point and as far as the 
distal border of the axilla, formed by the 
lower margin of the teres major, it is named 
the axillary artery. From the axilla to a 
point just beyond the elbow joint in the 
proximal forearm, the vessel is called the 
brachial artery; the brachial artery ends by 
dividing into two branches, the radial and 
ulnar arteries. 


THE AXILLA 


The axilla is a cone-shaped or pyramidal 
region located between the upper lateral 
part of the chest wall and the medial aspect 
of the arm. Its anatomy has great relevance 
because through the axilla course the neuro- 
vascular structures that supply the upper 
extremity and because its anterior surface is 
relatively unprotected and vulnerable to in- 
jury. Furthermore, the axilla receives many 
of the lymphatic channels that drain the an- 
terior thoracic wall, making it a region of 
strategic importance to disease processes 
that occur in the mammary gland of fe- 
males. 

BOUNDARIES OF THE AXILLA. The apex of 
the axilla is directed superiorly toward the 
root of the neck and corresponds to the in- 
terval between the outer border of the first 
rib, the superior border of the scapula, and 
the posterior surface of the clavicle. 
Through the apex pass the axillary vessels 
and accompanying nerves, which descend 
behind the clavicle from the neck. The base 
of the axilla is directed downward and later- 
ally and is formed by the skin and fascia of 
the armpit. It is narrow at the arm, but 
broader at the chest. The thick axillary fas- 
cia, which helps to form the base, extends 
between the lower border of the pectoralis 
major muscle anteriorly and the lower bor- 
der of the latissimus dorsi muscle posteri- 
orly. The anterior wall of the axilla is 
formed by the pectoralis major and minor 
muscles, the former covering the whole of 
this wall and the latter only its central part. 
The space between the upper border of the 
pectoralis minor and the clavicle is occupied 
by the clavipectoral fascia. The posterior 
wall, which extends somewhat more cau- 
dally than the anterior wall, is formed by the 
subscapularis muscle above and the teres 
major and latissimus dorsi muscles below. 
The medial wall is formed by the first four 


ribs with their corresponding intercostal 
muscles and part of the serratus anterior. 
The narrowed lateral wall of the axilla, 
where the anterior and posterior walls con- 
verge, is bounded by the intertubercular sul- 
cus (bicipital groove) of the humerus, the 
coracobrachialis, and the biceps brachii. 

CONTENTS OF THE AXILLA. Within the axilla 
are found the axillary vessels, the infraclavic- 
ular part of the brachial plexus and _ its 
branches, the lateral cutaneous branches of 
the intercostal nerves, and a large number of 
lymph nodes, together with a quantity of fat 
and loose areolar tissue. The axillary artery 
and vein, with the brachial plexus of nerves, 
extend obliquely through the axilla from its 
apex to its base and are placed much nearer 
the anterior wall than the posterior wall. The 
axillary vein lies superficial to and on the 
thoracic aspect of the artery and partially 
conceals it. In the anterior part of the axilla 
and in contact with the pectoral muscles are 
the thoracic branches of the axillary artery. 
Coursing downward along the lateral aspect 
of the chest wall, and frequently along the 
lateral margin of the pectoralis minor artery, 
extends the lateral thoracic artery. The sub- 
scapular vessels and nerves and the thoraco- 
dorsal nerve course along the posterior wall 
of the axilla, in contact with the subscapu- 
laris muscle. The scapular circumflex artery, 
which is a branch of the subscapular artery, 
winds around the lateral border of the sub- 
scapularis muscle to the dorsal aspect of the 
shoulder. Near the neck of the humerus, the 
posterior humeral circumflex vessels and 
the axillary nerve also curve dorsally to the 
shoulder. The upper medial aspect of the 
axilla has no large vessels, but does contain 
lymphatics and a few small branches from 
the supreme thoracic artery. There are in 
this region, however, the important long tho- 
racic nerve, descending on the surface of the 
serratus anterior to which it is distributed, 
and the intercostobrachial nerve, which 
perforates the upper anterior aspect of the 
medial wall and passes across the axilla to 
the medial aspect of the arm. 

The position and arrangement of the 
lymph nodes are described in the chapter on 
lymphatics. 


Axillary Artery 


The axillary artery is the continuation of 
the subclavian, and it commences at the 
outer border of the first rib and ends at the 


distal border of the tendon of the teres major 
muscle, where it is called the brachial artery 
(Figs. 8-42; 8-43). Its direction varies with the 
position of the limb: thus, the vessel is nearly 
straight when the arm is directed at right 
angles to the trunk, but concave superiorly 
when the arm is elevated, and convex supe- 
riorly when the arm lies by the side. At its 
origin the artery is quite deeply situated, but 
near its termination becomes superficial, 
being covered only by the skin and fascia. 
Because the pectoralis minor crosses the ax- 
illary artery anteriorly, for descriptive pur- 
poses it is convenient to divide the vessel 
into three portions: the first part lies proxi- 
mal, the second part deep, and the third part 
distal to the pectoralis minor. Its branches 
are subject to considerable variation. 


RELATIONS OF THE FIRST PART OF THE AXILLARY 
ARTERY. The first part of the axillary artery is cov- 
ered anteriorly by the skin, the superficial fascia, the 
clavicular portion of the pectoralis major, and the 
clavipectoral fascia. The artery is crossed by the lat- 
eral pectoral nerve and the thoracoacromial and ce- 
phalic veins. Posterior to the first part of the axillary 
artery are the first intercostal space, the correspond- 
ing external intercostal muscle, the first and second 
digitations of the serratus anterior, the long thoracic 
and medial pectoral nerves, and the medial cord of 
the brachial plexus. Latera/ly, the vessel is in relation 
to the lateral and posterior cords of the brachial 
plexus, from which it is separated by a little areolar 
tissue. Medially, the axillary vein closely overlaps the 
artery. The first part of the axillary artery is enclosed, 
together with the axillary vein and brachial plexus, tn 
the fibrous axillary sheath, which its continuous 
above with the prevertebral layer of the deep cervi- 
cal fascia. 

RELATIONS OF THE SECOND PART OF THE AXILLARY 
ARTERY. The second part of the axillary artery is 
covered anteriorly by the skin, the superficial and 
deep fasciae, the pectoralis major muscle, and, 
immediately anterior to the artery, the pectoralis 
minor muscle. Dorsa/ to the second part of the artery 
are the posterior cord of the brachial plexus and 
some areolar tissue, both of which intervene be- 
tween the vessel and the subscapularis muscle. Me- 
dially, the axillary vein is separated from the artery 
by the medial cord of the brachial plexus and the 
medial pectoral nerve. Latera/ly is found the lateral 
cord of the brachial plexus. The cords of the brachial 
plexus thus surround the artery on three sides and 
separate it from direct contact with the vein and ad- 
jacent muscles. 

RELATIONS OF THE THIRD PART OF THE AXILLARY 
ARTERY. The third part of the axillary artery extends 
from the lateral border of the pectoralis minor to the 
distal border of the tendon of the teres major. Its 
proximal portion is covered anteriorly by the pecto- 
ralis major muscle, its distal portion by only the in- 
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tegument and fascia. Posteriorly are found the sub- 
scapularis muscle and the tendons of the latissimus 
dorsi and teres major. On its /atera/ aspect is the 
coracobrachialis muscle and on its media/ or tho- 
racic aspect the axillary vein. The nerves of the 
brachial plexus bear the following relations to the 
third part of the artery: on the /atera/ aspect are 
the lateral root and trunk of the median nerve, and 
the musculocutaneous nerve for a short distance. On 
the medial aspect (between the axillary vein and ar- 
tery) are found the ulnar nerve and (to the medial 
aspect of the vein) the medial brachial cutaneous 
nerve. Anteriorly are the medial root of the median 
nerve and the medial antebrachial cutaneous nerve, 
and posteriorly the radial and axillary nerves, the lat- 
ter extending only as far as the distal border of the 
subscapularis muscle. 

COLLATERAL CIRCULATION AFTER LIGATURE OF THE 
AXILLARY ARTERY. If the axillary artery is tied proxi- 
mal to the origin of the thoracoacromial artery, the 
collateral circulation achieved is the same as that 
which results from ligature of the third part of the 
subclavian. If the ligature is made more distally be- 
tween the thoracoacromial and the subscapular, the 
latter vessel, by its free anastomosis with the supra- 
scapular and transverse cervical branches of the 
subclavian, becomes the chief agent in carrying on 
the circulation. If the lateral thoracic artery is distal 
to the ligature, it materially contributes to the circu- 
lation by its anastomoses with the intercostal and 
internal thoracic arteries. A ligature made distal to 
the origin of the subscapular artery is probably also 
distal to the origins of the two humeral circumflex 
arteries, in which case the chief vessels providing 
blood to more distal structures tn the arm are the 
subscapular and the two humeral circumflex arteries 
anastomosing with branches of the deep brachial 
artery. 


Branches of the 
Axillary Artery 


Although quite variable in their pattern, 
usually one branch is derived from the first 
part of the axillary artery, two from the sec- 
ond, and three from the third. They are: 


First Part: 
Supreme thoracic 
Second Part: 
Thoracoacromial 
Lateral thoracic 
Third Part: 
Subscapular 
Posterior humeral circumflex 
Anterior humeral circumflex 


SUPREME THORACIC ARTERY 


The supreme thoracic artery is a small 
vessel which usually arises from the axillary 
artery just below the clavicle, but it may 
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branch from the thoracoacromial artery or 
may be absent. It passes medially, generally 
behind the axillary vein, to the side of the 
chest in the first intercostal space (Figs. 8-42; 
8-43). Coursing between the pectoralis minor 
and major, the supreme thoracic artery sup- 
plies branches to these muscles, and to the 
wall of the thorax, anastomosing with the 
internal thoracic and upper one or two inter- 
costal arteries. 


THORACOACROMIAL ARTERY 


The thoracoacromial artery is a_ short 
trunk that arises anteriorly from the axillary 
artery, its origin being generally overlapped 
by the upper (or medial) edge of the pectora- 
lis minor (Figs. 8-35; 8-42; 8-43). At the border 
of this muscle, the vessel pierces the clavi- 
pectoral fascia and divides into four 
branches: pectoral, acromial, clavicular, and 
deltoid. 

PECTORAL BRANCHES. The pectoral 
branches of the thoracoacromial artery de- 
scend between the two pectoral muscles and 
are distributed to them and to the breast, 
anastomosing with the intercostal branches 





Anterior 
humeral 
circumflex 


of the internal thoracic and with the lateral 
thoracic artery (Fig. 8-33). 

ACROMIAL BRANCH. The acromial branch 
courses laterally, superficial to the coracoid 
process and deep to the deltoid muscle to 
which it gives branches (Figs. 8-33; 8-44). It 
then pierces that muscle and ends on the 
acromion in an arterial network, called the 
acromial rete, formed by branches from the 
suprascapular, the deltoid branch of the tho- 
racoacromial artery, and the posterior hu- 
meral circumflex artery. 

CLAVICULAR BRANCH. The clavicular 
branch of the thoracoacromial artery 
courses upward and medially beneath the 
clavicle to the sternoclavicular joint. It sup- 
plies this articulation and the subclavius 
muscle and anastomoses with the supra- 
scapular artery. 


DELTOID BRANCH. The deltoid branch fre- 


quently arises with the acromial branch and 
crosses laterally, superficial to the pectoralis 
minor (Fig. 8-33). It courses in the delto- 
pectoral groove with the cephalic vein, 
passing between the pectoralis major and 
deltoid, and supplying branches to both mus- 
cles. 


Fig. 8-42. ‘The axillary artery and its branches. This vascular pattern shows all six branches of the artery derived 


from the main stem. 


LATERAL THORACIC ARTERY 


The lateral thoracic artery (Figs. 8-42; 8-43) 
follows the lateral or lower border of the 
pectoralis minor to the side of the chest. It 
supplies the serratus anterior and both pec- 
toral muscles and sends branches across the 
axilla to the axillary lymph nodes and sub- 
scapularis muscle. The lateral thoracic ar- 
tery anastomoses with the internal thoracic, 
subscapular, and intercostal arteries, and 
with the pectoral branches of the thoracoa- 
cromial. The lateral thoracic artery is often 
(60%) a branch either of the thoracoacromial 
artery or of the subscapular artery. It comes 
directly from the axillary only in about 30% 
of cases. 

LATERAL MAMMARY BRANCHES. In the fe- 
male, the lateral mammary branches (some- 
times called the external mammary 
branches) can be of considerable size. They 
turn around the free lateral margin of the 
pectoralis major and supply the breast. 
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SUBSCAPULAR ARTERY 


The subscapular artery is usually the larg- 
est branch of the axillary artery and it arises 
at the distal border of the subscapularis 
muscle. Lying on the anterior surface of the 
subscapularis muscle, it descends under 
cover of the latissimus dorsi. After a short 
course of about 4cm, the subscapular artery 
divides into the circumflex scapular and tho- 
racodorsal arteries (Figs. 8-30; 8-42; 8-43). 

CIRCUMFLEX SCAPULAR ARTERY. The cir- 
cumflex scapular artery is generally larger 
than the thoracodorsal artery. It curves 
around the lateral border of the scapula, tra- 
versing the triangular space bordered below 
by the teres major, above by the subscapu- 
laris, and laterally by the long head of the 
triceps. The vessel then enters the infra- 
spinous fossa between the teres minor and 
the scapula, remaining close to the bone (Fig. 
8-44). It supplies branches to the infraspina- 
tus and anastomoses with the suprascapular 
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Fic. 8-43. The axillary artery and its branches. Note that in this vascular pattern, the lateral thoracic artery is derived 
from the thoracoacromial artery rather than directly from the axillary, and a lateral thoracic branch also comes from 
the subscapular artery. This pattern is seen in about 33% of cases. 
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artery and the deep branch of the transverse 
cervical artery (which in some cadavers is 
the descending branch of the descending 
scapular artery). In the triangular space, the 
circumflex scapular artery gives a branch to 
the subscapularis muscle. Another large 
branch continues along the lateral border of 
the scapula between the teres major and 
minor, supplying these muscles as well as 
the long head of the triceps and the deltoid. 
Finally, it anastomoses with the deep branch 
of the transverse cervical artery (or descend- 
ing branch of the descending scapular) at the 
inferior angle of the scapula. 
THORACODORSAL ARTERY. The thoracodor- 
sal artery (Figs. 8-33; 8-43) is the continuation 
inferiorly of the subscapular artery through 
the axilla along the anterior border of the 
latissimus dorsi muscle. The vessel courses 
with the thoracodorsal nerve; it gives 
branches to the subscapularis and is the 
principal supply to the latissimus. It anasto- 
moses with the circumflex scapular artery 
and the deep branch of the transverse cervi- 
cal artery (or descending branch of the de- 
scending scapular artery). One or two siza- 
ble branches cross the axilla to supply the 
serratus anterior and intercostal muscles, 
anastomosing with the intercostal, lateral 
thoracic, and thoracoacromial arteries. 
When the lateral thoracic artery is small or 


Deep br. of trans. cervical 
(or desc br of desc. scapular) 


Suprascapular 









lacking, a branch of the thoracodorsal may 
take its place. 


POSTERIOR HUMERAL 
CIRCUMFLEX ARTERY 


The posterior humeral circumflex artery 
arises from the axillary artery at the distal 
border of the subscapularis muscle (Figs. 
8-42 to 8-44). It curves dorsally with the axil- 
lary nerve through the quadrangular space 
bounded by the subscapularis and teres 
minor muscles above, the teres major below, 
the long head of the triceps brachii medially, 
and the surgical neck of the humerus later- 
ally (Fig. 8-44). The artery winds around the 
neck of the humerus and is distributed to the 
deltoid muscle and the shoulder joint, anas- 
tomosing with the anterior humeral circum- 
flex and deep brachial arteries. 


ANTERIOR HUMERAL 
CIRCUMFLEX ARTERY 


The anterior humeral circumflex artery is 
considerably smaller than the posterior 
humeral circumflex, and it arises from the 
lateral aspect of the axillary artery near the 
lower border of the subscapularis muscle 
and opposite the posterior humeral circum- 
flex artery (Figs. 8-42 to 8-44). It may arise in 
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common with the posterior humeral circum- 
flex or be represented by three or four very 
small branches. The vessel runs horizontally 
beneath the coracobrachialis muscle and 
short head of the biceps brachii, anterior to 
the neck of the humerus. As it reaches the 
intertubercular sulcus, it gives off a branch 
that ascends in the sulcus to supply the head 
of the humerus and the shoulder joint. The 
main stem of the artery then continues later- 
ally, deep to the long head of the biceps bra- 
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chii and the deltoid, to anastomose with the 
posterior humeral circumflex artery. 


Brachial Artery 


The brachial artery is the continuation of 
the axillary artery and originates at the 
lower margin of the tendon of the teres 
major muscle. It passes down the arm and 
ends about 1cm distal to the bend of the 
elbow, where it divides into the radial and 
ulnar arteries (Figs. 8-45; 8-46). At first the 
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The major arteries of the upper extremity. The branching pattern shown in this diagram is the one most 
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brachial artery lies medial to the humerus, 
but as it descends, it gradually curves to the 
front of the arm, and at the antecubital fossa 
anterior to the elbow joint, it lies midway 
between its two epicondyles. 


RELATIONS. The brachial artery is superficial 
throughout its entire course, being covered anteri- 
orly by the skin and the superficial and deep fasciae. 
The bicipital aponeurosis, which extends from the 
biceps brachii muscle, lies anterior to the artery in 
front of the elbow, separating it from the median 
cubital vein. The median nerve crosses the brachial 
artery from lateral to medial, opposite the insertion 
of the coracobrachialis muscle (Fig. 8-46). Poster/- 
orly, the brachial artery is separated from the long 
head of the triceps brachit by the radial nerve and 
the deep brachial artery. It then lies successively on 
the medial head of the triceps brachii, on the inser- 
tion of the coracobrachialis, and finally on the brach- 
ilalis muscle. Latera/ly, the brachial artery is in rela- 
tion more proximally in the arm with the median 
nerve and the coracobrachialis muscle and more dis- 
tally with the biceps brachii, the two muscles over- 
lapping the artery to a considerable extent. Medially, 
the proximal half of the brachial artery is in relation 
with the medial antebrachial cutaneous and ulnar 
nerves, while medial to the distal half of the artery is 
found the median nerve. The basilic vein also lies to 
its medial side, but is separated from it in the distal 
part of the arm by the deep fascia. The artery is ac- 
companied by two venae comitantes, which lie in 
close contact to it and are interconnected at intervals 
by short transverse branches. 


CUBITAL FOSSA. On the anterior aspect of 
the bend at the elbow, the brachial artery 
sinks deeply into a triangular interval, the 
cubital fossa. The base of the triangle is di- 
rected proximally and is represented by a 
line connecting the two epicondyles of the 
humerus. The sides of the triangle are 
formed by the medial edge of the brachiora- 
dialis muscle and the lateral margin of the 
pronator teres. The apex of the triangle is 
directed inferiorly at the point where the 
two muscles meet. The floor of the cubital 
fossa is formed by the brachialis and supina- 
tor muscles. This fossa contains the tendon 
of the biceps brachii muscle, the brachial 
artery with its accompanying veins, the 
stems of the radial and ulnar arteries. and a 
part of the median nerve. 

The brachial artery occupies the middle of 
the cubital fossa and divides opposite the 
neck of the radius into the radial and ulnar 
arteries. It is covered anteriorly by the skin, 
superficial fascia, and median cubital vein, 


the last being separated from the artery by 
the bicipital aponeurosis. Posteriorly, it is 
the brachialis muscle that separates the ar- 
tery from the elbow joint. The median nerve 
lies close to the medial aspect of the artery 
in the upper part of the fossa, but is sepa- 
rated from it more distally by the ulnar head 
of the pronator teres. The tendon of the bi- 
ceps brachii lies to the lateral aspect of the 
artery. 

The radial nerve normally lies just outside 
the fossa, between the supinator and the bra- 
chioradialis muscles, but may be exposed by 
entering through the fossa and deflecting the 
brachioradialis laterally. 


VARIATIONS OF THE BRACHIAL ARTERY. The brach- 
lal artery, accompanied by the median nerve, may 
leave the medial border of the biceps brachii and 
descend toward the medial epicondyle of the hu- 
merus. In such cases it usually passes behind a su- 
pracondylar process of the humerus, from which a 
fibrous arch is thrown over the vessel. It then runs 
beneath or through the substance of the pronator 
teres to the bend of the elbow. This variation bears 
considerable analogy with the normal condition of 
the artery in some of the carnivores. 

A frequent variation is the presence of a superfi- 
cial brachial artery, which may continue into the 
forearm to form a superficial antebrachial artery or 
may rejoin the brachial distally. Frequently the 
brachial artery divides at a higher level than usual, 
and the three vessels concerned in this high division 
are the radial, ulnar, and common interosseous ar- 
teries. Most frequently, the radial artery branches 
high in the arm, while the other limb of the bifurca- 
tion consists of the ulnar and common interosseous 
arteries. In some instances, the ulnar arises above 
the ordinary level, and the radial and common inter- 
osseous form the other limb of the division. Occa- 
sionally the common interosseous arises at a higher 
level (see Fig. 8-12). 

Sometimes long, slender vessels called vasa 
aberrantia connect the brachial or axillary artery 
with one of the arteries of the forearm, or with 
branches from them. Such vessels usually join the 
radial artery. 

COLLATERAL CIRCULATION. After the application 
of a ligature to the brachial artery in the upper third 
of the arm, blood can circulate through branches 
from the anterior and posterior humeral circumflex 
and subscapular arteries, which anastomose with 
ascending branches from the deep brachial artery. If 
the main stem of the brachial artery is tied be/ow the 
Origin of the deep brachial artery and the superior 
ulnar collateral, circulation is maintained by 
branches of these two vessels, which anastomose 
with the inferior ulnar collateral, the radial and ulnar 
recurrent arteries, and the posterior interosseous ar- 
tery. 
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CLINICAL NOTE. To control excessive bleeding, 
the brachial artery should be compressed laterally 
against the humerus in the upper third of the arm, 
laterally and backward in the middle third, and di- 
rectly backward in the lower third as the vessel 
courses anterior to the humerus in this region. 


Branches of the 
Brachtal Artery 


As it descends in the arm, the brachial ar- 
tery and its branches supply the humerus, 
muscles, and other tissues of the region, 
as well as participate in the anastomosis 
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The right brachial artery and some of its branches. 


around the elbow joint. The branches of the 
brachial artery are: 


Deep brachial 

Principal nutrient artery of humerus 
Superior ulnar collateral 

Inferior ulnar collateral 

Muscular 


DEEP BRACHIAL ARTERY 


The deep brachial artery (profound bra- 
chii) is the largest branch of the brachial ar- 
tery. It arises from the medial and posterior 
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part of the main stem, just distal to the lower 
border of the teres major muscle (Figs. 8-45; 
8-46). Initially, the deep brachial artery 
passes backward into the arm between the 
long and lateral heads of the triceps brachii. 
It then accompanies the radial nerve in the 
spiral groove between the lateral and medial 
heads of the triceps, on the posterior aspect 
of the humerus. The vessel terminates by 
dividing into the radial collateral and mid- 
dle collateral arteries. The deep brachial ar- 
tery has four named branches in addition to 
muscular vessels: 


Deltoid (ascending) 
Radial collateral 
Middle collateral 
Nutrient 


DELTOID (ASCENDING) BRANCH. The deltoid 
branch of the deep brachial artery ascends 
between the long and lateral heads of the tri- 
ceps brachii muscle. It anastomoses with a 
descending branch of the posterior humeral 
circumflex artery and helps to supply the 
brachialis and deltoid muscles. 

RADIAL COLLATERAL ARTERY. The radial col- 
lateral artery, which is frequently described 
as the terminal portion of the deep brachial 
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artery, continues into the forearm with the 
radial nerve. It lies deep to the lateral head 
of the triceps until it reaches the lateral su- 
pracondylar ridge of the humerus. At this 
site, it pierces the lateral intermuscular sep- 
tum, descends between the brachioradialis 
and the brachialis muscles to the palmar 
aspect of the lateral epicondyle, and ends by 
anastomosing with the radial recurrent ar- 
tery. Just before the radial collateral artery 
pierces the intermuscular septum, it gives off 
a branch that descends to the posterior as- 
pect of the lateral epicondyle and there joins 
the anastomosis around the elbow. 

MIDDLE COLLATERAL ARTERY. The middle 
collateral artery is usually larger than the 
radial collateral branch (Fig. 8-47). It enters 
the substance of the long and medial heads 
of the triceps and descends along the poste- 
rior aspect of the humerus to the elbow, 
where it anastomoses with the interosseous 
recurrent and joins into the anastomosis 
around the elbow. 

NUTRIENT BRANCH. A nutrient branch, 
which usually is accessory to the principal 
nutrient artery from the brachial, enters a 
nutrient canal of the humerus posterior to 
the deltoid tuberosity. It may be absent. 
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Diagram of the anastomosis around the elbow joint. 


PRINCIPAL NUTRIENT 
ARTERY OF HUMERUS 


The main or principal nutrient artery of 
the humerus arises from the brachial about 
at the middle of the arm and enters a nutri- 
ent canal near the insertion of the coraco- 
brachialis muscle. 


SUPERIOR ULNAR 
COLLATERAL ARTERY 


The superior ulnar collateral artery is a 
long and slender vessel that arises from the 
brachial a little below the middle of the arm 
(Figs. 8-45 to 8-47). It frequently springs from 
the proximal part of the deep brachial ar- 
tery. It pierces the medial intermuscular sep- 
tum and descends, with the ulnar nerve, on 
the surface of the medial head of the triceps 
brachii to the space between the medial epi- 
condyle and olecranon. The vessel ends 
deep to the flexor carpi ulnaris by anasto- 
mosing with the posterior ulnar recurrent 
and inferior ulnar collateral arteries. It 
sometimes sends a branch anterior to the 
medial epicondyle, to anastomose with the 
anterior ulnar recurrent artery. 


INFERIOR ULNAR 
COLLATERAL ARTERY 


The inferior ulnar collateral artery arises 
about 5cm above the elbow (Figs. 8-45 to 
8-47). Initially, it passes medially upon the 
brachialis, and piercing the medial inter- 
muscular septum, it then winds around the 
dorsum of the humerus between the triceps 
brachii and the bone. By its junction with 
the middle collateral branch of the deep 
brachial artery, it forms an arch just above 
the olecranon fossa. As the vessel lies on the 
brachialis, it gives off branches that ascend 
to anastomose with the superior ulnar collat- 
eral, and others that descend in front of the 
medial epicondyle to anastomose with the 
anterior ulnar recurrent. Behind the medial 
epicondyle a branch anastomoses with the 
superior ulnar collateral and posterior ulnar 
recurrent arteries. 


MUSCULAR BRANCHES 


The brachial artery gives off three or four 
muscular branches which are distributed to 
the coracobrachialis, biceps brachii, and 
brachialis muscles. 
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ANASTOMOSIS AROUND THE ELBOW JOINT. 


The vessels contributing to this anastomosis 
may be conveniently divided into those an- 
terior to and those posterior to the medial 
and lateral epicondyles of the humerus (Fig. 
8-47). The branches anastomosing anterior 
to the medial epicondyle are the anterior 
branch of the inferior ulnar collateral, the 
anterior ulnar recurrent, and the anterior 
branch of the superior ulnar collateral. 
Those posterior to the medial epicondyle are 
the inferior ulnar collateral, the posterior 
ulnar recurrent, and the posterior branch of 
the superior ulnar collateral. The branches 
anastomosing anterior to the lateral epicon- 
dyle are the radial recurrent and the radial 
collateral branch of the deep brachial artery. 
Those situated posterior to the lateral epi- 
condyle are the inferior ulnar collateral, the 
interosseous recurrent, and the middle col- 
lateral branch of the deep brachial artery. 
There is also a transverse arch of anastomo- 
sis, which crosses the posterior aspect of the 
arm just proximal to the olecranon, formed 
by the interosseous recurrent joining with 
the inferior ulnar collateral and posterior 
ulnar recurrent (Fig. 8-47). 


Ulnar Artery 


The ulnar artery is the larger of the two 
terminal branches of the brachial and, like 
the radial artery, it begins about 1 cm distal 
to the bend of the elbow (Figs. 8-48; 8-50 to 
8-52). Passing obliquely downward and 
medially, it reaches the ulnar side of the 
forearm at a point about midway between 
the elbow and the wrist. It then runs along 
the ulnar border to the wrist, crosses the 
flexor retinaculum on the radial side of the 
ulnar nerve and pisiform bone, and, immedi- 
ately beyond this bone, becomes the superfi- 
cial palmar arch. 


RELATIONS OF THE ULNAR ARTERY. In the proxi- 
mal half of the forearm, the ulnar artery is deeply 
seated, being covered by the pronator teres, flexor 
Carpi radialis, palmaris longus, and flexor digitorum 
superficialis muscles. It lies upon the brachialis and 
flexor digitorum profundus muscles (Fig. 8-51). For 
about 2.5 cm from its commencement at the elbow, 
the ulnar artery courses lateral to the median nerve, 
and then the median nerve crosses anterior to the 
artery but is separated from it by the ulnar half of the 
pronator teres muscle. In the distal half of the fore- 
arm, the ulnar artery lies upon the flexor digitorum 
profundus, being covered by the skin and the super- 
ficial and deep fasciae, and being placed between 
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the flexor carpi ulnaris and flexor digitorum superfi- 
cialis (Figs. 8-48; 8-51). The artery is accompanied 
by two venae comitantes, and it is overlapped in its 
middle third by the flexor carpi ulnaris. The ulnar 
nerve lies on the medial side of the distal two-thirds 
of the artery, and the palmar cutaneous branch of 
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FiG. 8-48. The ulnar and radial arteries and the superfi- 
cial palmar arch. 


the ulnar nerve descends on the distal part of the 
vessel to the palm of the hand. 

At the wrist the ulnar artery lies on the flexor 
retinaculum and is covered by skin, the fasciae, and 
the palmaris brevis (Figs. 8-48; 8-50 to 8-52). On 
its medial side is the pisiform bone and, slightly dor- 
sal to the artery, the ulnar nerve. 

VARIATIONS. The ulnar artery varies in its origin 
in somewhat less than 10% of cases. It may arise 
about 5 to 7 cm below the elbow, but more fre- 
quently higher. Variations in the position of this ves- 
sel are more common than in the radial. When its 
origin from the brachial is normal, the course of the 
vessel is rarely changed. When it arises higher up, 
its course is almost invariably superficial to the flexor 
muscles in the forearm, lying commonly beneath the 
deep fascia, more rarely between the fascia and 
skin. In a few instances, its position has been re- 
ported to be subcutaneous in the upper part of the 
forearm and beneath the deep fascia in the lower 
part. 


Branches of the 
Ulnar Artery 


The branches of the ulnar artery may be 
arranged into three groups, like those of the 
radial artery. 


In the forearm: 
Anterior ulnar recurrent 
Posterior ulnar recurrent 
Common interosseous 
Anterior interosseous 
Posterior interosseous 
Muscular 
At the wrist: 
Palmar carpal 
Dorsal carpal 
In the hand: 
Deep palmar 
Superficial palmar arch 
Common palmar digital 


ANTERIOR ULNAR RECURRENT 


The anterior ulnar recurrent artery arises 
immediately below the elbow joint from the 
medial aspect of the ulnar artery (Fig. 8-51). 
It courses upward between the brachialis 
muscle and the pronator teres, supplying 
these muscles and, in front of the medial epi- 
condyle, anastomoses with the inferior ulnar 
collateral artery. 


POSTERIOR ULNAR RECURRENT 


The posterior ulnar recurrent artery is 
much larger and arises somewhat more dis- 
tally than the anterior ulnar recurrent, but 


also from the medial side of the ulnar artery 
(Figs. 8-49; 8-51). It passes medially and 
backward between the flexor digitorum su- 
perficialis and flexor digitorum profundus, 
and then it ascends behind the medial epi- 
condyle of the humerus. Between this proc- 
ess and the olecranon it lies beneath the 
flexor carpi ulnaris and ascends, together 
with the ulnar nerve, between the two heads 
of that muscle. The posterior ulnar recurrent 
artery, which supplies the neighboring mus- 
cles and the elbow joint, anastomoses with 
the superior and inferior ulnar collateral and 
the interosseous recurrent arteries. 


COMMON INTEROSSEOUS ARTERY 


The common interosseous artery is a 
short, thick vessel, only one centimeter long, 
which arises from the lateral and posterior 
aspect of the ulnar artery, immediately distal 
to the tuberosity of the radius (Fig. 8-51). The 
vessel passes dorsal to the upper border of 
the interosseous membrane, where it divides 
into two branches, the anterior and posterior 
interosseous arteries. 

ANTERIOR INTEROSSEOUS ARTERY. The an- 
terior interosseous artery passes down the 
forearm on the anterior surface of the inter- 
osseous membrane (Figs. 8-49; 8-51). It is ac- 
companied by the palmar _ interosseous 
branch of the median nerve and is overlap- 
ped by the contiguous margins of the flexor 
digitorum profundus and flexor pollicis 
longus, giving off muscular branches and 
nutrient arteries to the radius and ulna. At 
the proximal border of the pronator quadra- 
tus it gives off a small branch that descends 
dorsal to the pronator to reach the palmar 
carpal network (Fig. 8-51), and then the an- 
terior interosseous artery pierces the interos- 
seous membrane to enter the _ posterior 
compartment of the forearm, where it 
anastomoses with the dorsal interosseous 
artery (Fig. 8-49). On the posterior aspect of 
the interosseous membrane in the lower 
forearm, the anterior interosseous artery 
descends in company with the terminal por- 
tion of the posterior interosseous nerve 
(from the deep branch of the radial nerve) to 
the dorsum of the wrist to join the dorsal 
carpal network. 

The median artery is a long, slender 
branch that arises from the proximal part of 
the anterior interosseous artery. It passes 
forward to the median nerve, which it ac- 
companies and supplies in its course down 
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the forearm. This artery is sometimes much 
enlarged, and when so, it courses with the 
median nerve into the palm of the hand and 
enters into the formation of the superficial 
palmar arch. 

POSTERIOR INTEROSSEOUS ARTERY. The 
posterior interosseous artery, smaller than 
the anterior, arises from the common inter- 
osseous artery and passes dorsally either 
over or between the oblique cord and the 
proximal border of the interosseous mem- 
brane (Figs. 8-49; 8-51). It appears between 
the contiguous borders of the supinator and 
the abductor pollicis longus and descends in 
the posterior compartment of the forearm 
between the superficial and deep layers of 
muscles, sending branches to both groups. 
Coursing along the surface of the abductor 
pollicis longus and the extensor pollicis 
brevis, it is accompanied by the posterior 
interosseous nerve, which is derived from 
the deep branch of the radial nerve. In the 
distal forearm, it anastomoses with terminal 
branches of the anterior interosseous artery 
and with the dorsal carpal network. 

The  interosseous’ recurrent artery 
branches from the posterior interosseous 
artery near its origin, or at times it may arise 
directly from the common interosseous ar- 
tery (Fig. 8-49). It ascends on or through the 
fibers of the supinator to the interval be- 
tween the lateral epicondyle and olecranon, 
but deep to the anconeus muscle. Here it 
anastomoses with the middle collateral 
branch of the deep brachial artery, the pos- 
terior ulnar recurrent artery, and the inferior 
ulnar collateral artery. 


MUSCULAR BRANCHES 


Many muscular branches arise from the ulnar ar- 
tery in the forearm (Fig. 8-51). These supply the 
superficial and deep flexors of the fingers and mus- 
cles on the ulnar aspect of the forearm, including the 
flexors carpi radialis and ulnaris, as well as the pro- 
nator teres. 


PALMAR CARPAL BRANCH 


The palmar carpal branch is a small vessel 
that arises from the ulnar artery opposite the 
carpal bones. It crosses the palmar aspect of 
the wrist joint, deep to the tendons of the 
flexor digitorum profundus (Fig. 8-51), and 
anastomoses with the corresponding palmar 
carpal branch of the radial artery. 
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Fic. 8-49. Arteries on the posterior aspect of the forearm, wrist, and hand. 


DORSAL CARPAL BRANCH 


The dorsal carpal branch of the ulnar ar- 
tery arises immediately above the pisiform 
bone and winds dorsally beneath the tendon 
of the flexor carpi ulnaris (Fig. 8-49). It then 
passes across the dorsal surface of the wrist 
beneath the extensor tendons, to anastomose 
with the corresponding dorsal carpal branch 
of the radial artery. Just beyond its origin, it 
gives off a small branch that courses along 


the ulnar aspect of the fifth metacarpal bone, 
supplying the ulnar aspect of the dorsal sur- 
face of the little finger. 


DEEP PALMAR BRANCH 


The deep palmar branch arises from the 
ulnar artery at the level of the flexor retinac- 
ulum (Figs. 8-48; 8-50 to 8-52). It courses me- 
dially between the abductor digiti minimi 
and flexor digiti minimi brevis and through 
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Fic. 8-50. The superficial palmar arch and the common and proper digital arteries of the right hand. Note that the 
ulnar artery is the principal contributor to the superficial palmar arch. 


the origin of the opponens digiti minimi, all 
of which are muscles of the hypothenar emi- 
nence. The vessel then curves laterally into 
the palm, accompanied by the deep branch 
of the radial nerve, to anastomose with the 
radial artery and complete the deep palmar 
arch. 


SUPERFICIAL PALMAR ARCH 


The superficial palmar arch is formed pri- 
marily by the deep palmar branch of the 
ulnar artery and is usually completed by a 


branch that comes from the radial artery 
(Figs. 8-48; 8-50). Most frequently this is the 
superficial palmar branch of the radial, but 
it may be the radial index artery or the 
princeps pollicis artery. More rarely, the 
median artery, which is a branch of the ante- 
rior interosseous artery, descends to help 
form the arch. The superficial palmar arch 
curves across the palm with its convexity 
oriented distally. It is covered by the skin, 
the palmaris brevis, and the palmar aponeu- 
rosis, and it lies upon the flexor retinaculum, 
the flexor digiti minimi brevis and opponens 
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digiti minimi, the tendons of the flexor digi- 
torum superficialis, the tumbrical muscles, 
and branches of the median and ulnar 
nerves. The superficial palmar arch gives 
rise to three common palmar digital arteries. 

COMMON PALMAR DIGITAL ARTERIES. Three 
common palmar digital arteries arise from 
the convexity of the superficial palmar arch 
and proceed distally on the second, third, 
anct fourth lumbrical muscles (Figs. 8-48; 
8-50 to 8-52). Each is joined by the corre- 
sponding palmar metacarpal artery from the 
deep palmar arch, and then divides into a 
pair of proper palmar digital arteries (Figs. 
8-50 to 8-52). These latter vessels course 
along the contiguous sides of the index, mid- 
dle, ring, and little fingers dorsal to the cor- 
responding digital nerves. They anastomose 
freely in the subcutaneous tissue of the fin- 
ger tips and by smaller branches near the 
interphalangeal joints. Each gives off two 
dorsal branches, which anastomose with the 
dorsal digital arteries, and supply the soft 
parts on the dorsum of the middle and distal 
phalanges, including the matrix of the fin- 
gernail. The proper palmar digital artery for 
the ulnar aspect of the little finger springs 
from the ulnar artery under cover of the pal- 
maris brevis. 


Radial Artery 


Due to its direction, the radial artery ap- 
pears to be the direct continuation of the 
brachial trunk, but it is smaller in caliber 
than the ulnar artery, which is the other ter- 
minal branch of the brachial artery (Figs. 
8-45; 8-48; 8-51). It originates at the bifurca- 
tion of the brachial artery opposite the neck 
of the radius, about 1cm betow the bend of 
the elbow, and passes along the radial aspect 
of the forearm to the wrist. It then winds 
around the lateral aspect of the carpus to the 
dorsum of the wrist, deep to the tendons of 
the abductor pollicis longus and the exten- 
sors pollicis longus and brevis, reaching the 
proximal end of a space between the meta- 
carpal bones of the thumb and index finger. 
Finally it passes between the two heads of 
the first dorsal interosseous muscle into the 
palm of the hand, joining the deep patmar 
branch of the ulnar artery to form the deep 
palmar arch. Hence, the radial artery has 
three parts, one part in the forearm, another 
at the wrist, and a third part in the hand. 


RELATIONS OF THE RADIAL ARTERY. The radial ar- 
tery in the forearm extends from the neck of the 
radius to the anterior aspect of its styloid process, 
being placed to the medial aspect of the radial shaft 
proximally and anterior to the bone distally (Figs. 
8-48; 8-51). The upper part of the artery is overlap- 
ped by the fleshy belly of the brachioradialis muscle, 
while the rest of the artery is superficial, being cov- 
ered only by skin and the superficial and deep fas- 
ciae. In its course through the forearm, the radial 
artery lies first upon the biceps tendon, and then 
successively on the supinator muscle, the pronator 
teres muscle, the radial origin of the flexor digitorum 
superficialis muscle, the flexor pollicis longus mus- 
cle, the pronator quadratus muscle, and the distal 
end of the radius. In the proximal third of its course, 
it lies between the brachioradialis and the pronator 
teres muscles; in the distal third of its course it lies 
between the brachioradialis and flexor carpi radialis 
muscles. The superficial branch of the radial nerve is 
close to the lateral aspect of the artery in the middle 
third of its course, and some filaments of the lateral 
antebrachial cutaneous nerve run along the lower 
part of the artery as it winds around the wrist. The 
vessel is accompanied by a pair of venae comitantes 
throughout its whole course. Distally the radial ar- 
tery lies on the lower anterior aspect of the radius 
and, being very superficial, is an /dea/ site for taking 
the pulse. 

At the wrist, the radial artery reaches the dorsum 
of the carpus by passing between the radial collat- 
eral ligament of the wrist and the tendons of the 
abductor pollicis longus and extensor pollicis brevis 
muscles (Fig. 8-49). It then descends on the scaph- 
oid and trapezium, and before disappearing between 
the heads of the first dorsal interosseous muscle, it is 
crossed by the tendon of the extensor pollicis 
longus. In the interval between the two extensors of 
the thumb, sometimes called the “‘anatomical snuff 
box, the radial artery is crossed by the dorsal digital 
nerves as they pass to the thumb and index finger; 
these nerves are derived from the superficial branch 
of the radial nerve. 

In the hand, the radial artery passes through the 
proximal end of the first interosseous space, be- 
tween the heads of the first dorsal interosseous mus- 
cle (Figs. 8-50; 8-52). It then crosses the palm 
transversely between the oblique and transverse 
heads of the adductor pollicis muscle. The vessel 
then pierces the transverse head and reaches the 
base of the metacarpal bone of the little finger, 
where it anastomoses with the deep palmar branch 
from the ulnar artery, completing the deep palmar 
arch (Figs. 8-51; 8-52). 

VARIATIONS. The origin of the radial artery ts 
higher than usual in about 12% of cases. In the fore- 
arm it deviates less frequently from its normal posi- 
tion than does the ulnar artery. It has been observed 
lying on the deep fascia of the forearm, instead of 
beneath it. It has also been seen on the surface of 
the brachioradialis instead of deep to its medial bor- 
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Fic. 8-51. The radial and ulnar arteries in the deep forearm and the deep palmar arch in the hand. 
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FiG. 8-52. The deep palmar arch and princeps pollicis artery. Note that the radial artery is the principal contributor to 
this arch, but that it anastomoses with the deep palmar branch of the ulnar artery. 
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RADIAL RECURRENT ARTERY 


The radial recurrent artery arises immedi- 
ately below the elbow (Figs. 8-48; 8-51). It 
ascends between the branches of the radial 
nerve, lying on the supinator muscle and 
then between the brachioradialis and brach- 


ialis muscles. The vessel supplies these mus- 
cles and the elbow joint and anastomoses 
with the radial collateral branch of the deep 
brachial artery. 


MUSCULAR BRANCHES 
The radial artery sends muscular branches to the 


brachioradialis and pronator teres muscles, as well as 
to other muscles on the radial aspect of the forearm. 


PALMAR CARPAL BRANCH 


The palmar carpal branch of the radial 
artery (Figs. 8-51; 8-52) is a small vessel that 
arises near the distal border of the pronator 


quadratus and, running across the palmar 
aspect of the wrist, anastomoses with the 
palmar carpal branch of the ulnar artery. 
This anastomosis is joined by a branch from 
the anterior interosseous artery proximally 
and by recurrent branches from the deep 
palmar arch distally, thus forming a palmar 
carpal network, which supplies the articula- 
tions of the wrist and the carpal bones (Fig. 
8-52). 


SUPERFICIAL PALMAR BRANCH 


The superficial palmar branch arises from 
the radial artery just above the wrist, where 
the radial artery is about to wind laterally 
around the carpus (Figs. 8-48; 8-50 to 8-52). It 
passes through, but occasionally over, the 
muscles of the thenar eminence, which it 
supplies. The vessel then anastomoses with 
the terminal portion of the ulnar artery, 
completing the superficial palmar arch (Figs. 
8-48; 8-50). The superficial palmar branch of 
the radial artery varies considerably in size. 
Frequently it is very small and ends in the 
muscles of the thumb, but sometimes it is as 
large as the continuation of the radial. 


DORSAL CARPAL BRANCH 


The dorsal carpal branch of the radial ar- 
tery is a small vessel that arises deep to the 
extensor tendons of the thumb. Crossing the 
carpus transversely toward the medial bor- 
der of the hand, it anastomoses with the dor- 
sal carpal branch of the ulnar artery and 
with terminal branches of the anterior and 
posterior interosseous arteries to form a dor- 
sal carpal network. From this network are 
given off three slender dorsal metacarpal 
arteries, which run distally on the second, 
third, and fourth dorsal interosseous mus- 
cles (Fig. 8-49). The metacarpal arteries bi- 
furcate into dorsal digital branches, which 
then supply the adjacent sides of the index, 
middle, ring, and little fingers. The dorsal 
digital vessels anastomose with the proper 
palmar digital branches of the superficial 
palmar arch. Near their origins the dorsal 
metacarpal arteries anastomose with the 
deep palmar arch by the proximal perforat- 
ing arteries, and near their points of bifurca- 
tion, they also anastomose with the common 
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palmar digital vessels of the superficial pal- 
mar arch by the distal perforating arteries. 


FIRST DORSAL 
METACARPAL ARTERY 


The first dorsal metacarpal artery arises 
just before the radial artery passes between 
the two heads of the first dorsal interosseous 
muscle (Fig. 8-49). It divides almost immedi- 
ately into two branches, which supply the 
adjacent sides of the thumb and index finger. 
The radial aspect of the thumb receives a 
branch directly from the radial artery. 


PRINCEPS POLLICIS ARTERY 


The princeps pollicis artery arises from 
the radial artery as it turns medially toward 
the deep part of the palm (Figs. 8-48; 8-51; 
8-52). It descends between the first dorsal 
interosseous muscle and the oblique head of 
the adductor pollicis, along the ulnar aspect 
of the metacarpal bone of the thumb to the 
base of the first phalanx. Here the princeps 
pollicis artery lies beneath the tendon of the 
flexor pollicis longus and divides into two 
branches. These make their appearance be- 
tween the medial and lateral insertions of 
the oblique head of the adductor pollicis 
muscle and run along the sides of the thumb 
(Figs. 8-50; 8-52). On the palmar surface of 
the distal phalanx, they form an arch from 
which branches are distributed to the skin 
and subcutaneous tissue of the thumb. 


RADIAL INDEX ARTERY 


The radial index artery (arteria radialis 
indicis) arises from the radial artery close to 
the princeps pollicis artery, between the first 
dorsal interosseous muscle and the trans- 
verse head of the adductor pollicis muscle 
(Figs. 8-48; 8-50; 8-51). It courses along the 
radial aspect of the index finger to its ex- 
tremity, where it anastomoses with the 
proper digital artery supplying the ulnar 
aspect of the finger. At the distal border of 
the transverse head of the adductor pollicis, 
this vessel anastomoses with the princeps 
pollicis and gives a communicating branch 
to the superficial palmar arch. The princeps 
pollicis and radial index arteries may spring 
from a common trunk, which is then called 
the first palmar metacarpal artery. 
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DEEP PALMAR ARCH 


The deep palmar arch is the terminal part 
of the radial artery and it anastomoses with 
the deep palmar branch of the ulnar artery 
(Figs. 8-51; 8-52). It lies upon the carpal ex- 
tremities of the metacarpal bones and on the 
interosseous muscles, being covered by the 
oblique head of the adductor pollicis mus- 
cle, the flexor tendons of the fingers, and the 
lumbrical muscles. In nearly two-thirds of 
cases, the deep palmar arch lies deep to the 
ulnar nerve; in one-third of cases, it lies su- 
perficial to the nerve (to the palmar side). 
Occasionally it is doubled and encircles the 
ulnar nerve. Arising from the deep palmar 
arch are the palmar metacarpal arteries, per- 
forating branches, and recurrent branches. 

PALMAR METACARPAL ARTERIES. There are 
three or four palmar metacarpal arteries that 
arise from the convexity of the deep palmar 
arch (Figs. 8-51; 8-52). They course distally 
upon the interosseous muscles in the second, 
third, and fourth intermetacarpal spaces and 
anastomose, at the clefts of the fingers, with 
the common digital branches of the superfi- 
cial palmar arch. 

PERFORATING BRANCHES. Three perforat- 
ing branches pass dorsally from the deep 
palmar arch, through the second, third, and 
fourth interosseous spaces, and between the 
heads of the corresponding dorsal interosse- 
ous muscles to anastomose with the dorsal 
metacarpal arteries. 

RECURRENT BRANCHES. The recurrent 
branches arise from the concavity of the 
deep palmar arch. They ascend on the pal- 
mar aspect of the wrist, supply the intercar- 
pal articulations, and end in the palmar car- 
pal network. 


Arteries of the 
Thorax and Abdomen 


From the aortic arch, the descending aorta 
courses along the posterior wall of the trunk 
through both the thoracic and abdominal 
cavities. Descending in the posterior medias- 
tinum, the vessel is called the thoracic aorta; 
as it penetrates the diaphragm, it becomes 
the posterior abdominal aorta. 


THORACIC AORTA 


The thoracic aorta, contained in the poste- 
rior mediastinum, descends along the poste- 
rior wall of the thorax (Fig. 8-53). It begins at 
the lower border of the fourth thoracie ver- 
tebra, where it is continuous with the aortic 
arch, and ends anterior to the lower border 
of the twelfth thoracic vertebra, at the aortic 
hiatus in the diaphragm. At its origin, the 
thoracic aorta is situated on the left of the 
vertebral column, but as it descends, it ap- 
proaches the median line. At its termination, 
the vessel lies directly anterior to the col- 
umn. In its descent, the thoracic aorta de- 
scribes a curve that is concave ventrally, and 
because its thoracic branches are small, 
there is no significant decrease in its diame- 
ter (Fig. 8-53). 


RELATIONS. The thoracic aorta is related anter/- 
orly to the root of the left lung, the pericardium, the 
esophagus, and the diaphragm, and posteriorly to 
the vertebral column and the hemiazygos veins. On 
the right side of the thoracic aorta are the azygos 
vein and thoracic duct, and on the /eft side, the left 
pleura and lung. The esophagus, with its accompa- 
nying plexus of nerves, lies to the right side of the 
upper thoracic aorta. More inferiorly in the thorax it 
is placed anterior to the aorta, but as it nears the 
diaphragm, it is situated to the left side of the aorta. 


Branches of the 
Thoracic Aorta 


The thoracic aorta gives off visceral 
branches to organ structures in the thorax as 
well as parietal branches to the walls of the 
thoracic cavity. They are: 


Visceral Branches 
Pericardial 
Bronchial 
Esophageal 
Mediastinal 

Parietal Branches 
Posterior intercostal 
Subcostal 
Superior phrenie 


PERICARDIAL BRANCHES 


The pericardial branches of the thoracic 
aorta consist of two or three small vessels 
that are distributed to the posterior surface 
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Fic. 8-53. The aortic arch and the descending thoracic aorta viewed from the left side with the left lung removed. The 
pericardium has been opened to expose the left side of the heart. 


of the pericardium. They also supply some 
of the posterior mediastinal lymph nodes 
and anastomose with the pericardiacophrenic 
branches of the internal thoracic artery. 


BRONCHIAL ARTERIES 


The bronchial arteries vary in number, 
size, and origin. There is as a rule only one 
right bronchial artery, which arises from the 
third posterior intercostal artery (the first 
intercostal artery that comes from the 
aorta) or from the upper left bronchial ar- 
tery. There are usually two left bronchial 
arteries and these arise from the thoracic 
aorta. The upper left bronchial arises oppo- 


site the fifth thoracic vertebra, while the 
lower left bronchial artery stems from the 
aorta just below the level of the left bron- 
chus. Each vessel courses along the posterior 
surface of its bronchus, dividing and subdi- 
viding along the bronchial tubes, supplying 
them, the areolar tissue of the lungs, and the 
bronchial lymph nodes. They also send a 
few twigs to the esophagus, to bronchial 
lymph nodes, and to the pericardium. 


ESOPHAGEAL ARTERIES 


There are four or five esophageal arteries, 
which arise from the ventral aspect of the 
aorta and pass obliquely downward to the 
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IRE ARTERIES 


esophagus, on which they form a chain of 
anastomoses. Additionally, these vessels 
anastomose with the esophageal branches of 
the inferior thyroid arteries and with as- 
cending branches from the left inferior 
phrenic and left gastric arteries. 


MEDIASTINAL BRANCHES 


Numerous small mediastinal branches 
arise from the thoracic aorta to supply 
lymph nodes, vessels, nerves, and loose are- 
olar tissue in the posterior mediastinum, as 
well as some of the adjacent mediastinal 
pleura. 


POSTERIOR INTERCOSTAL ARTERIES 


There usually are nine pairs of posterior 
intercostal arteries which branch from the 
thoracic aorta. They arise from the dorsal 
aspect of the aorta and are distributed to the 
lower nine intercostal spaces. The first two 
intercostal spaces are supplied by the su- 
preme intercostal artery, which is a branch 
of the costocervical trunk from the subcla- 
vian artery. The right posterior intercostal 
arteries are longer than the left because the 
aorta is positioned to the left side of the ver- 
tebral column. They pass across the bodies 
of the vertebrae dorsal to the esophagus, tho- 
racic duct, and azygos vein and are covered 
by the right lung and pleura. The left poste- 
rior intercostal arteries initially course dor- 
sally, curving along the sides of the vertebral 
bodies and being covered by the left lung 
and pleura. The two uppermost vessels are 
crossed by the left superior intercostal vein, 
the lower vessels by the accessory hemia- 
zygos and hemiazygos veins (Fig. 8-53). The 
further course of the posterior intercostal 
arteries is practically the same on both sides. 
Opposite the heads of the ribs, the sympa- 
thetic trunk passes anterior to them, and the 
splanchnic nerves descend anterior to the 
lower posterior intercostal arteries. 

Each posterior intercostal artery crosses 
its corresponding intercostal space ob- 
liquely toward the angle of the next rib 
above and is continued ventrally in the cos- 
tal groove. (This portion of the artery at one 
time was called the ventral ramus.) It is 
placed at first between the pleura and the 
internal posterior intercostal membrane. It 
then courses anteriorly around the intercos- 
tal space, lying between the internal inter- 


costal muscle and the innermost intercostal 
muscle. Anteriorly, it anastomoses with the 
anterior intercostal branch of the internal 
thoracic or of the musculophrenic artery. 
Each artery is accompanied by a vein and a 
nerve, the former placed above and the lat- 
ter below the artery (Fig. 8-53). This relation- 
ship exists except in the posterior part of the 
upper intercostal spaces, where the artery, 
which must ascend to the space, initially lies 
below the nerve and then between the nerve 
and vein. The third posterior intercostal ar- 
tery (first aortic) anastomoses with the su- 
preme intercostal artery, which branches 
from the costocervical trunk, and may form 
the chief supply of the second intercostal 
space. The lowest two posterior intercostal 
arteries are continued anteriorly from the 
intercostal spaces into the anterior abdomi- 
nal wall and anastomose with the subcostal, 
superior epigastric, and lumbar arteries. 


Branches of the 
Posterior Intercostal Artery 


In its course from the aorta around the 
thoracic wall, each posterior intercostal ar- 
tery gives off several branches. These are the 
following: 


Dorsal 

Collateral intercostal 
Muscular 

Lateral cutaneous 
Mammary 


DORSAL BRANCH. The dorsal branch of 
each posterior intercostal artery is a large 
vessel that courses backward through a 
space that is bounded above and below by 
the necks of the ribs, medially by the body of 
a vertebra, and laterally by a superior costo- 
transverse ligament. It gives off a spinal 
branch which enters the vertebral canal 
through the intervertebral foramen and is 
distributed to the vertebrae, the spinal cord, 
and its membranes. The dorsal branch then 
courses over the transverse process of the 
vertebra, accompanied by the dorsal ramus 
of the segmentally corresponding thoracic 
spinal nerve. It supplies branches to the 
muscles of the back and cutaneous vessels 
which course with corresponding cutaneous 
branches of the dorsal ramus of the spinal 
nerve. 

COLLATERAL INTERCOSTAL BRANCH. The col- 
lateral intercostal branch comes off from the 


posterior intercostal artery near the angle of 
the rib and descends to the upper border of 
the rib below, along which it courses to 
anastomose with the intercostal branch of 
the internal thoracic artery. 

MUSCULAR BRANCHES. Muscular branches 
arise from the posterior intercostal artery to 
supply the intercostal and pectoral muscles 
and the serratus anterior. They anastomose 
with the supreme thoracic and lateral tho- 
racic branches of the axillary artery. 

LATERAL CUTANEOUS BRANCHES. Lateral 
cutaneous branches arise from the posterior 
intercostal artery at about the midaxillary 
line. They penetrate laterally through the 
intercostal and serratus anterior muscles 
in company with the lateral cutaneous 
branches of the thoracic nerves. Achieving 
the superficial fascia, the vessels divide into 
anterior and posterior branches that course 
in a segmental manner to supply the skin 
and superficial fascia overlying an intercos- 
tal space. In the third, fourth, and fifth inter- 
costal regions the anterior branches reach 
the lateral part of the mammary gland in the 
female and are sometimes called the lateral 
or external mammary branches. 

MAMMARY BRANCHES. After giving off the 
lateral cutaneous branches, the posterior in- 
tercostal arteries continue around within the 
intercostal space, eventually to penetrate the 
skin and superficial fascia more anteriorly. 
In the third, fourth, and fifth spaces, (medial) 
mammary branches arise to reach the me- 
dial part of the base of the breast. They in- 
crease considerably in size during the period 
of lactation. 


SUBCOSTAL ARTERIES 


The subcostal arteries are so named be- 
cause they lie below the last ribs. As such, 
they cannot be considered true intercostal 
arteries, but they are the lowest pair of ar- 
teries derived from the thoracic aorta, and 
they are in series with the other pairs of pos- 
terior intercostal arteries. Each artery passes 
along the lower border of the twelfth rib 
dorsal to the kidney and ventral to the quad- 
ratus lumborum muscle; it is accompanied 
by the ventral ramus of the twelfth thoracic 
or subcostal nerve. It then pierces the poste- 
rior aponeurosis of the transversus abdomi- 
nis, and passing between this muscle and the 
internal oblique, it anastomoses with the 
superior epigastric, the lowest true intercos- 
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tal, and the lumbar arteries. Each subcostal 
artery gives off a dorsal branch, which has a 
distribution similar to those of posterior in- 
tercostal arteries. 


SUPERIOR PHRENIC ARTERIES 


The superior phrenic arteries are small 
vessels that arise from the lower part of the 
thoracic aorta. They are distributed to the 
dorsal part of the upper surface of the dia- 
phragm and anastomose with the musculo- 
phrenic and pericardiacophrenic arteries. 


A small aberrant artery is sometimes found aris- 
ing from the right side of the thoracic aorta near the 
Origin of the right bronchial. It passes upward and to 
the right behind the trachea and the esophagus and 
may anastomose with the right supreme intercostal 
artery. It represents the remains of the right dorsal 
aorta, and in a small proportion of cases, it is en- 
larged to form the first part of the right subclavian 
artery. 


ABDOMINAL AORTA 


The abdominal aorta begins in the midline 
at the aortic hiatus of the diaphragm, ventral 
to the lower border of the body of the last 
thoracic vertebra. Descending anterior to the 
vertebral column, it ends on the body of the 
fourth lumbar vertebra, commonly a little to 
the left of the midline, by dividing into the 
two common iliac arteries. It diminishes rap- 
idly in size as it descends in the abdomen 
because of the many large vessels that 
branch from it. As the aorta lies upon the 
bodies of the vertebrae, it displays a curve 
that is convex anteriorly. The summit of the 
convexity corresponds to the third lumbar 
vertebra. The aortic bifurcation may be 
roughly judged on the surface of the abdo- 
men to occur slightly to the left of the mid- 
line at a site about 2.54 cm below the umbili- 
cus. This is approximately at the level of a 
line drawn between the most superior extent 
of the iliac crests. 


RELATIONS. The upper part of the abdominal 
aorta is covered anteriorly by the lesser omentum 
and stomach, dorsal to which are the branches of 
the celiac artery and the celiac plexus. Below these 
are the splenic vein, the pancreas, the left renal vein, 
the inferior part of the duodenum, the mesentery, 
and the aortic plexus. Posteriorly, the abdominal 
aorta is separated from the lumbar vertebrae and 
intervertebral discs by the anterior longitudinal liga- 
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ment and the second, third, and fourth left lumbar 
veins. On its sight side, the abdominal aorta is re- 
lated above to the azygos vein, cisterna chyli, tho- 
racic duct, and the right crus of the diaphragm, the 
latter Separating it from the proximal part of the infe- 
rior vena cava and the right celiac ganglion. More 
caudally in the abdomen, the right side of the aorta 
is In contact with the inferior vena cava. On the /eft 
side, the upper part of the abdominal aorta is related 
to the left crus of the diaphragm and the left celiac 
ganglion; somewhat lower are the fourth or ascend- 
ing part of the duodenum, the duodenojejunal junc- 
tion, and some coils of the small intestine. 
COLLATERAL CIRCULATION. A degree of collateral 
circulation is provided by several anastomoses inter- 
connecting vessels that arise above the aorta with 
others that arise below, or anastomoses between 
higher and lower branching vessels from the aorta 
itself. Thus, an anastomosis is found on the anterior 
wall of the trunk between the internal thoracic artery 
from the subclavian and the inferior epigastric ar- 
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tery, which branches from the external iliac. There is 
a free communication between the superior and in- 
ferior mesenterics, if an obstruction or ligature is 
placed between these vessels. When the point of lig- 
ature is below the origin of the inferior mesenteric 
{as iS more common), collateral circulation is 
achieved between the inferior mesenteric artery and 
the internal pudendal artery of the pelvis. Other 
anastomoses exist between the lumbar arteries and 
the branches of the internal iliac. To these examples 
of collateral circulation can be added many others 
that protect regions of the body and organs that suf- 
fer diminished circulation. 


Branches of the 
Abdominal Aorta 


The branches of the abdominal aorta may 
be divided into three sets: visceral, parietal, 
and terminal (Fig. 8-54). 
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Fic 8-54. The abdominal aorta and its principal branches in the male. 


Visceral Branches 
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The visceral branches are distributed to 
the organs in the abdomen, and of these the 
celiac trunk and the superior and inferior 
mesenteric arteries are unpaired, whereas 
the middle suprarenals, renals, testicular, 
and ovarian are paired. The parietal 
branches supply the diaphragm from below 
as well as the posterior abdominal wall, and 
of these the inferior phrenics and lumbars 
are paired, while the middle sacral is un- 
paired. The terminal branches descend to 
supply the organs of the pelvis, the pelvic 
wall, and the lower extremities; of course, 
the common iliacs are paired (Fig. 8-54). 


CELIAC TRUNK 


The celiac trunk is ashort thick vessel that 
ranges from 7 to 20mm in diameter and 
arises from the aorta just below the aortic 
hiatus of the diaphragm (Figs. 8-54; 8-55). It is 
covered by the peritoneum of the dorsal wall 
of the lesser sac (omental bursa). On its right 
side are the right celiac ganglion, the right 
crus of the diaphragm, and the caudate lobe 
of the liver. On its left side are the left celiac 
ganglion, the left crus of the diaphragm, and 
the cardiac end of the stomach. Below it is 
related to the upper border of the pancreas 
and the splenic vein. A short distance below 
its origin from the aorta (i.e., from 1 mm to 
2.2cm, but averaging about 1.25 cm), the 
aorta gives origin to the superior mesenteric 
aLeCEy. 


Branches of the 
Celiac Trunk 


After a short course of about 1 to 2.cm, the 
celiac trunk usually divides into three large 
branches (Figs. 8-55; 8-57). These are the: 


Left gastric 
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Hepatic 
Splenic 


VARIABILITY IN THE BRANCHING OF THE CELIAC 
TRUNK. The most constant feature of this artery is 
the variability of its branching and of the routes by 
which blood reaches the organs that it principally 
supplies. According to Michels (1955), whose de- 
scriptions and statistics are followed in this account, 
the stomach, liver, pancreas, duodenum, and spleen 
are the organs supplied, and they can conveniently 
be used to designate the important variations. 

A gastrohepatosplenic trunk has the classic 
branches: a left gastric, a common hepatic, and a 
splenic artery. This is the usual pattern (89%), and it 
gives origin to all its expected sub-branches in 
64.5%, and in the remainder there are supernumer- 
ary or accessory branches. 

An hepatosplenic trunk (3.5%) has hepatic and 
splenic arteries, but the left gastric arises independ- 
ently from the aorta or from the hepatic or splenic 
arteries. 

A gastrosplenic trunk (5.5%) has the left gastric 
and splenic arteries, but the hepatic arises from the 
aorta or from the superior mesenteric artery. 

An hepatogastric trunk (1.5%) has the left gastric 
and hepatic arteries, but the splenic arises from the 
aorta or from the superior mesenteric artery. 

In rare instances the celiac trunk and superior 
mesenteric arteries are combined. 


Left Gastric Artery 


The left gastric artery most commonly is 
the first branch of the celiac trunk, arising 
near its middle part (Figs. 8-55; 8-57). Being 4 
to 5mm in diameter, it is the smallest of the 
three branches off the celiac trunk, but it is 
much larger than the right gastric artery, 
which usually derives from the common 
hepatic artery. Frequently (25%), the left gas- 
tric arises from the termination of the celiac 
trunk together with the hepatic and splenic 
arteries. The vessel is covered by that part of 
the parietal peritoneum of the dorsal ab- 
dominal wall which forms the dorsal layer 
bounding the omental bursa. Initially, the 
left gastric artery courses anteriorly, up- 
ward, and to the left in a gentle curve. It 
raises a crescentic ridge of peritoneum 
called the gastrophrenic fold and reaches the 
anterior wall of the omental bursa near the 
cardiac end of the stomach, accompanied by 
the coronary vein. Here it reverses its direc- 
tion and, lying between the two leaves of the 
lesser omentum, gives off a cardioesopha- 
geal branch before bifurcating into a ventral 
and a dorsal branch. 

The cardioesophageal branch arises _ be- 
fore the terminal bifurcation of the left gas- 
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Fic. 8-55. The celiac trunk and its branches. The liver has been elevated to reveal the porta hepatis and the gallblad- 
der. Note that the lesser omentum and the anterior layers of the greater omentum have been cut. The arterial supply 
along the lesser curvature is represented by a double arcade. 


tric artery. It is distributed to the cardia of 
the stomach and the lower esophagus by one 
to three smaller vessels. 

The ventral branch of the left gastric is 
distributed to the anterior surface of the 
stomach by dividing into two or three 
smaller arteries. 

The dorsal branch of the left gastric artery 
courses along the lesser curvature of the 


VARIATIONS INVOLVING THE LEFT GASTRIC AR- 
TERY. The left gastric artery was found to be a 
branch of the aorta in 2.5% of cadavers studied, of a 
gastrosplenic trunk in 4.5%, and of an hepatogastric 
trunk in 1.5%. An accessory left gastric artery 
arose from the splenic in 6%, from the left hepatic in 
3%, and from the celiac trunk in 2% of 200 bodies 
Studied by Michels (1953). 

An aberrant left hepatic artery branches from 
the left gastric artery just proximal to its bifurcation 


stomach, giving branches to the posterior 
surface of the stomach and usually anasto- 
mosing with the right gastric artery (Figs. 
8-55; 8-57). 


in 23% of cadavers studied. In considering ligation 
of the left gastric artery, it is important to realize that 
these aberrant left hepatic arteries completely re- 
place the regular left hepatic artery in supplying the 


left lobe of the liver in about half (11.5%) the afore- 
mentioned cases, and are accessory to the left lobe 
in the rest. It may be as large as 3 to 5 mm in diame- 
ter, and, lying between the two layers of the lesser 
omentum, it courses upward about 6 cm toward the 
esophagus. It then crosses the caudate lobe and en- 
ters the liver substance at the fissure for the ligamen- 
tum venosum. Because of this frequent origin of the 
left hepatic, the left gastric was named the gastrohe- 
patic artery by Haller as early as 1756.! 

The inferior phrenic arteries also may arise from 
the left gastric. 


Hepatic Artery 


The hepatic artery, arising from the celiac 
trunk, is slightly smaller (7 to 8 mm) than the 
splenic artery in the adult, but is the largest 
branch of the celiac trunk in the fetus (Figs. 
8-55 to 8-57). Its first part is horizontal, run- 
ning from left to right along the upper bor- 
der of the head of the pancreas to the pylo- 
rus or first part of the duodenum, where it 
usually gives off the right gastric artery. Be- 
hind the duodenum, the hepatic artery gives 
rise to the gastroduodenal artery, and then 
the main stem of the vessel turns superiorly 
to course toward the liver. It is covered by 
the peritoneum of the dorsal wall of the 
omental bursa, which is raised thereby into 
the right hepatopancreatic fold. It then 
passes between the layers of the hepatoduo- 
denal ligament (lesser omentum) to the porta 
hepatis where it lies ventral to the epiploic 
foramen, having the common bile duct to its 
right and the portal vein dorsal to it. Fre- 
quently a distinction is made between two 
parts of the hepatic artery. That portion 
coursing from the celiac trunk to where the 
gastroduodenal artery branches is called the 
common hepatic artery, and the part cours- 
ing in the porta hepatis from which stem the 
lobar hepatic branches is called the proper 
hepatic artery (Figs. 8-55; 8-56). At a variable 
distance from the liver, the proper hepatic 
artery gives rise to three terminal branches, 
the right, left, and middle hepatic arteries. 


VARIATIONS. Of 200 bodies, 41.5% had one or 
more aberrant hepatic arteries, 50.5% had none, 
several bodies had two, and a few three aberrants. 
The common hepatic arose from the aorta in three 
specimens of the 200, from the superior mesenteric 
in five, and from the left gastric in one (Michels, 
1953). 


‘Albrecht von Haller (1708-1777): A Swiss physiologist 
and anatomist. 
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Fig. 8-56. The arterial supply to the gallbladder. Ob- 
serve that the cystic artery usually branches from the 
right hepatic artery. (From Benninghoff and Goerttler, 
Lehrbuch der Anatomie des Menschen, 1975.) 


BRANCHES OF THE HEPATIC ARTERY. The 
hepatic artery gives rise to the right gastric, 
the gastroduodenal, the right hepatic, the left 
hepatic, and the middle hepatic arteries. 

RIGHT GASTRIC ARTERY. The right gastric 
artery is much smaller and less constant 
than the left gastric (Figs. 8-55; 8-57). It arises 
with about equal frequency from the com- 
mon hepatic artery (40%) or the left hepatic 
(40.5%). It may arise, however, from the gas- 
troduodenal (8%) or even the right (5.5%) or 
middle (5%) hepatic arteries. The vessel 
passes between the layers of the lesser 
omentum to the pylorus, which it supplies 
with branches. It runs to the left along the 
lesser curvature of the stomach, supplying 
an extensive area with anterior and poste- 
rior branches, and anastomoses with the 
dorsal branch of the left gastric artery. 

GASTRODUODENAL ARTERY. The gastroduo- 
denal artery arises from the common hepatic 
trunk, usually about halfway between its 
celiac origin and its division into the hepatic 
branches (Figs. 8-55; 8-57). It may arise from 
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Branches to greater omentum 


Fic. 8-57 


the left hepatic artery (11%), the right hepatic 
(7%), the middle hepatic (1%), or more 
rarely from the celiac or superior mesenteric 
artery. It is important to note that at times 
the gastroduodenal artery may arise from a 
hepatic artery that is the sole blood supply 
to one of the lobes of the liver. Its ligation, 
therefore, should always be considered in 
relation to its origin. 

The gastroduodenal artery is a short but 
thick vessel, and it usually lies to the left of 
the common bile duct. It then crosses the 
duct either dorsally or ventrally and de- 
scends behind the first part of the duodenum 
and in front of the neck of the pancreas to 
the lower border of the junction between the 
pylorus and the first part of the duodenum. 
After giving off branches to the pyloric end 
of the stomach, the pancreas, and the supra- 
duodenal and retroduodenal branches, the 
gastroduodenal artery ends by dividing into 
the right gastroepiploic and superior pan- 
creaticoduodenal arteries. 


2 Zi ” 
c : oon 





He 
Wj 


The celiac artery and its branches; the stomach has been raised and the peritoneum removed. 


The supraduodenal artery, when present, 
frequently arises from the retroduodenal or 
gastroduodenal (but may arise from the 
common or proper hepatic, the right or left 
hepatic, the superior pancreaticoduodenal, 
or the right gastric). It is distributed to the 
upper, anterior, and posterior surfaces of the 
first 3cm of the superior (first) part of the 
duodenum. 

The retroduodenal artery also arises from 
the gastroduodenal above the duodenum, 
but may arise from one of the hepatic ar- 
teries (10%). It descends behind the duode- 
num along the left side of the common bile 
duct, crosses anterior to the supraduodenal 
portion of the duct, and forms the U-shaped 
dorsal pancreaticoduodenal arcade. This ar- 
cade supplies branches to all four parts of 
the duodenum, to the head of the pancreas, 
and to the common bile duct. The retroduo- 
denal artery anastomoses with a dorsal 
branch of the inferior pancreaticoduodenal 
from the superior mesenteric artery. 


The right gastroepiploic artery is the 
larger of the two terminal branches of the 
gastroduodenal and is much larger than the 
left gastroepiploic artery (Figs. 8-55; 8-57). It 
passes from right to left along the greater 
curvature of the stomach at a somewhat var- 
iable distance from the border of the organ. 
It lies between the two layers of the gastro- 
colic ligament or the ventral two layers of 
the greater omentum when these are not 
adherent to the colon. It gives off a large as- 
cending pyloric branch near its origin, and 
at its termination usually anastomoses with 
the left gastroepiploic branch of the splenic 
artery. It supplies a number of ascending 
gastric branches to the stomach and de- 
scending branches to the greater omentum. 
These latter long anterior epiploic branches 
extend around the free border of the omen- 
tum and, in the dorsal layer of the omentum, 
may anastomose with other gastric or with 
pancreatic arteries. 

The superior pancreaticoduodenal artery 
arises from the gastroduodenal artery as the 
latter passes dorsal to the first part of the 
duodenum (Figs. 8-57; 8-58). It forms a loop 
on the anterior surface of the pancreas and 
runs along the groove between the pancreas 
and the descending (second) portion of the 
duodenum. The vessel is embedded within 
the substance of the pancreas and, dorsal to 
the head of the pancreas, anastomoses with 
the inferior pancreaticoduodenal artery, a 
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branch of the superior mesenteric artery. 
The loop supplies branches to the ventral 
surface of the distal three parts (descending, 
transverse, and ascending) of the duodenum. 
The ventral pancreaticoduodenal arcade, 
formed by the anastomosis of the superior 
and inferior pancreaticoduodenal arteries, 
supplies numerous branches to the pancreas 
and duodenum (Fig. 8-58). 

RIGHT HEPATIC ARTERY. Near the porta 
hepatis and beyond the origin of the gastro- 
duodenal artery, the right hepatic artery 
most frequently branches from the proper 
hepatic artery (Figs. 8-55 to 8-57). Aberrant 
right hepatic arteries have been found, how- 
ever, in about one-quarter of cadavers stud- 
ied. In over three-fifths of the bodies show- 
ing an anomalous origin for the right 
hepatic, the vessel arises from the superior 
mesenteric artery. The remainder may arise 
directly from the aorta, the celiac trunk, the 
gastroduodenal, or even the left hepatic. 

At its origin from the proper hepatic ar- 
tery, the right hepatic artery usually lies an- 
terior to the portal vein and crosses dorsal to 
the hepatic duct to enter the cystic triangle 
(of Calot'), which is bounded by the com- 
mon hepatic duct on the left, the cystic duct 
on the right, and the hilum of the liver 
above. The right hepatic then gives off the 
cystic artery and finally divides into two 


Nean F. Calot (1861-1944): A French surgeon. 
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Fic. 8-58. The arterial supply to the pancreas. Note that the head of the pancreas receives the anterior and posterior 
superior pancreaticoduodenal arteries from the gastroduodenal, whereas the body and tail of the pancreas receive the 
dorsal, great, and caudal pancreatic branches from the splenic artery. (From Benninghoff and Goerttler, Lehrbuch der 
Anatomie des Menschen, 1975.) 
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main branches before entering the right lobe 
of the liver. 

The cystic artery usually arises from the 
right hepatic artery to the right of the he- 
patic duct and within the cystic triangle (for 
boundaries, see p. 737). Normally it courses a 
short distance along the cystic duct to reach 
the neck of the gallbladder (Figs. 8-55; 8-56). 
At this site the artery divides into a superfi- 
cial branch, which supplies the free perito- 
neal surface, and a deep branch, which sup- 
plies the posterior surface of the gallbladder. 
embedded in the liver. The two branches 
anastomose and supply twigs to the adjacent 
liver substance. 

There was only a single cystic artery in 
75% of the bodies studied, whereas in 25% 
there was an accessory Cystic artery. Al- 
though 82% of the cystic arteries arose 
within the cystic triangle, 18% arose to the 
left of the hepatic duct and not in the tri- 
angle. These latter vessels had to cross (ei- 
ther in front of or behind) the hepatic duct to 
reach the gallbladder. In most instances in 
which there were two cystic arteries, they 
served as superficial and deep vessels, and 
both generally arose within the cystic tri- 
angle. However, the superficial vessel was 
more variable than the deep and, at times, 
was observed originating from the right he- 
patic to the left of the duct or from another 
artery. In only 5% of cases studied did the 
cystic artery arise from some vessel other 
than the right hepatic artery. In these, it 
arose from the proper hepatic artery or, very 
rarely, from the gastroduodenal artery. 

LEFT HEPATIC ARTERY. The left hepatic ar- 
tery usually divides into two branches, an 
upper and a lower, supplying twigs to the 
capsule of the liver and the caudate lobe be- 
fore entering the substance of the left lobe 
(Figs. 8-55; 8-56). 

Aberrant left hepatic arteries are found in 
about 25% of bodies studied. In these in- 
stances, the aberrant vessel was the only ar- 
tery to the left lobe of the liver in about 60%, 
whereas in the remaining 40% the aberrant 
vessel was an accessory left hepatic artery. 
Most of the aberrant left hepatic arteries 
arose from the left gastric artery. 

MIDDLE HEPATIC ARTERY. The middle he- 
patic artery enters the fossa for the round 
ligament and accompanies the middle he- 
patic duct to the quadrate lobe. It is the prin- 
cipal supply for this lobe and sends twigs to 
the round ligament and sometimes to the left 


lobe. The middle hepatic artery arises from 
the right hepatic in 45% of cases, from the 
left hepatic in 45%, and from other sources 
in 10%. 


Splenic (or Lienal) Artery 


The splenic or lienal artery is the largest 
branch of the celiac, and it passes horizon- 
tally to the left along the pancreas to reach 
the spleen. It varies from 8 to 32 cm in length 
and is usually tortuous (Figs. 8-55; 8-57; 8-58). 
The first part, before it reaches the pancreas, 
forms a short arc, which swings down and to 
the right, then across the aorta to the upper 
border of the pancreas. The second part lies 
along a groove in the upper part of the dorsal 
surface of the body of the pancreas. It is the 
most tortuous and undulating part and has 
one or more loops or coils, but seldom 
courses far from the pancreas. The third part 
leaves the upper border of the pancreas to 
cross obliquely the anterior surface of the 
pancreas. At this point the vessel divides 
into its superior and inferior arteries in most 
subjects. The fourth part courses between 
the tail of the pancreas and the hilum of the 
spleen, and usually the superior and inferior 
vessels divide into five or more terminal 
branches at the splenic hilum. 

The splenic artery, lying dorsal to the 
stomach, is covered by the peritoneum of the 
dorsal wall of the omental bursa. Its fourth 
part crosses anterior to the upper third of the 
left kidney and enters the splenic hilum by 
passing with the splenic vein in the sub- 
stance of the lienorenal ligament. 

BRANCHES OF THE SPLENIC ARTERY. ‘The 
splenic artery generally supplies blood to 
three organs—the pancreas, the stomach, 
and the spleen. Its branches are the pancre- 
atic, left gastroepiploic, short gastric, and 
splenic. 

PANCREATIC BRANCHES. In addition to 
numerous twiglike branches to the neck, 
body, and tail of the pancreas, the splenic 
artery gives rise to three larger pancreatic 
vessels: the dorsal pancreatic, the great pan- 
creatic (arteria pancreatica magna), and the 
caudal pancreatic (arteria caudae pancreatis) 
arteries (Fig. 8-58). 

The dorsal pancreatic artery frequently 
arises from the first part of the splenic (39%), 
but it commonly has other origins, such as 
from the celiac (22%), one of the hepatic ar- 
teries (19%), the superior mesenteric (14%), 


or the gastroduodenal (2%). It gives a number 
of twigs to the neck and body of the pan- 
creas. It has two small right branches, one 
curving ventrally to supply the head of the 
pancreas and anastomosing with branches 
of the gastroduodenal; the other supplies the 
uncinate process with a plexus of vessels 
that anastomoses with the inferior pan- 
creaticoduodenal artery. A branch often 
courses inferiorly to anastomose with supe- 
rior mesenteric branches below the pan- 
creas. The principal left branch is of consid- 
erable size and becomes the transverse 
pancreatic artery. This latter vessel takes a 
course to the left along the dorsocaudal sur- 
face of the pancreas for about two-thirds of 
its length and enters the substance of the 
gland to anastomose with other pancreatic 
branches from the splenic artery. It runs par- 
allel to the main pancreatic duct for some 
distance, supplying it with branches. Its 
other long and short branches descend in the 
dorsal layer of the greater omentum as the 
posterior epiploic arteries, which anasto- 
mose with the anterior epiploics from the 
gastroepiploic arcade. 

The great pancreatic artery (arteria 
pancreatica magna) arises from the second 
part of the splenic artery (Fig. 8-58). It is the 
largest pancreatic branch (2 to 4mm diame- 
ter) and enters the left part of the body of the 
gland obliquely. It branches into right and 
left vessels. These vessels help the trans- 
verse splenic artery to supply the main pan- 
creatic duct, and they anastomose with other 
pancreatic arteries. 

The caudal pancreatic artery (arteria 
caudae pancreatis) arises from the third part 
of the splenic artery or one of its terminal 
branches (Fig. 8-58). It supplies vessels to the 
tail of the pancreas, anastomoses with the 
great and dorsal pancreatic branches, and 
supplies vessels to an accessory spleen when 
one is present. 

LEFT GASTROEPIPLOIC ARTERY. ‘The left 
gastroepiploic artery is the largest branch 
from the splenic artery and arises from its 
third part or from its inferior terminal artery 
(Figs. 8-55; 8-57). It reaches the stomach 
through the pancreaticolienal and gastro- 
lienal ligaments and courses along the 
greater curvature of the stomach from left to 
right within the anterior part of the greater 
omentum. Its branches are distributed to 
both surfaces of the stomach and to the 
greater omentum and anastomose with both 
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gastric and epiploic branches of the right 
gastroepiploic artery. 

SHORT GASTRIC ARTERIES. The short gas- 
tric arteries consist of five to seven small 
branches, which arise near the end of the 
splenic artery and from its terminal divi- 
sions (Fig. 8-57). They pass from left to right, 
between the layers of the gastrolienal liga- 
ment, and are distributed along the greater 
curvature of the fundus and cardiac end 
of the stomach. They anastomose with 
branches of the left gastric, left gastroepi- 
ploic, and inferior phrenic arteries. 

SPLENIC BRANCHES. The splenic artery 
divides about 3.5cm from the spleen into a 
superior and an inferior terminal branch. 
These terminal branches may divide into 
several branches before entering the spleen, 
and there may even be intermediate branch- 
ing. Division of the inferior terminal artery 
may be more complex than that of the supe- 
rior, and it may give origin to the left 
gastroepiploic and inferior polar arteries. 
Arteries to the poles of the spleen are of fre- 
quent occurrence. The superior polar artery 
usually has its origin from the main splenic 
artery, or it may come directly from the ce- 
liac axis. Inferior polar arteries are more fre- 
quent than superior and arise most fre- 
quently from the left gastroepiploic, but may 
come from the splenic or inferior terminal 
branches. Cross anastomoses between the 
larger branches at the hilum are common. 


SUPERIOR MESENTERIC ARTERY 


The superior mesenteric artery is a large 
vessel that supplies the whole length of the 
small intestine except the superior part of 
the duodenum (Figs. 8-54; 8-57; 8-59; 8-62). It 
also supplies the cecum and the ascending 
part of the colon and about one-half of the 
transverse part of the colon (Fig. 8-59). It 
arises from the anterior surface of the aorta, 
about 1.25 cm below the celiac artery, at the 
level of the first lumbar vertebra, and is 
crossed at its origin by the splenic vein and 
the neck of the pancreas. The superior mes- 
enteric artery then passes downward and 
forward, anterior to the uncinate process of 
the head of the pancreas and horizontal part 
of the duodenum, descending between the 
layers of the mesentery to the right iliac 
fossa. Here it is considerably diminished in 
size and anastomoses with one of its own 
branches, the ileocolic artery. In its descent 
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Fic. 8-59. The superior mesenteric artery and its branches. 


it crosses ventral to the inferior vena cava, 
the right ureter, and the psoas major muscle, 
and forms an arch, the convexity of which is 
directed forward and downward to the left 
side. It is accompanied by the superior mes- 
enteric vein, which lies to its right side (Fig. 
8-59), and it is surrounded by the superior 
mesenteric plexus of nerves. Occasionally, 
‘the superior mesenteric artery arises from 
the aorta by a common trunk with the celiac 
trunk. 


Branches of the 
Superior Mesenteric Artery 


The branches of the superior mesenteric 
artery supply the head of the pancreas. the 
duodenum, the jejunum and ileum, the 
cecum and appendix, the ascending and 
transverse colon, and about half of the de- 
scending colon. They are the: 


Inferior pancreaticoduodenal 
Jejunal and Ileal 

Ileocolic 

Right colic 

Middle colic 


Inferior 
Pancreaticoduodenal Artery 


The inferior pancreaticoduodenal artery 
arises from the superior mesenteric or from 
its first jejunal branch, opposite the upper 
border of the horizontal part of the duo- 
denum (Figs. 8-57; 8-58). It courses to the 
right and frequently divides into anterior 
and posterior superior pancreaticoduodenal 
branches. The anterior branch ascends in 
front of the head of the pancreas to anasto- 
mose with the anterior branch of the supe- 
rior pancreaticoduodenal. The _ posterior 
branch ascends on the dorsal surface of the 
head of the pancreas to anastomose with the 


posterior branch of the superior pancreatico- 
duodenal. From these vessels branches are 
distributed to the head of the pancreas and 
to the descending and horizontal parts of the 
duodenum. 


Jejunal and 
lleal Arteries 


The jejunal and ileal arteries total about 
12 to 15 in number (Figs. 8-59; 8-62). These 
intestinal vessels arise from the convex side 
of the superior mesenteric artery and are 
distributed to the jejunum and all of the 
ileum except its terminal portion. They run 
nearly parallel to one another between the 
layers of the mesentery, each vessel dividing 
into two branches. These unite with adja- 
cent branches, forming a series of arches, the 
convexities of which are directed toward the 
intestine (Fig. 8-60). Branches from this first 
set of arches unite with similar branches 
from above and below, thus forming a sec- 
ond series of arches. In the ileal region the 
intestinal arteries may form a third, a fourth, 
or even a fifth series of arches, which dimin- 





Jejunal 
artery 
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ish in size as they approach the intestine. In 
the short, upper jejunal part of the mesen- 
tery only one set of arches exists (Fig. 8-60), 
but more distally in the ileum, as the depth 
of the mesentery increases, multiple layers 
of arches or arcades are developed. From 
the terminal arches arise numerous small 
straight vessels, called vasa recti, which en- 
circle the intestine and ramify between its 
coats. From the intestinal arteries small 
branches are given off to the lymph nodes 
and other structures between the layers of 
the mesentery. 


lleocolic Artery 


The ileocolic artery is the most inferior of 
the vessels that arise from the right side of 
the superior mesenteric artery (Figs. 8-59; 
8-61). It passes downward and to the right 
toward the right iliac fossa, where it divides 
into a superior and an inferior branch. The 
superior branch of the ileocolic artery 
passes to the right behind the peritoneum 
and ascends to about the middle of the as- 
cending colon, where it anastomoses with 





FiG. 8-60. A small loop of jejunum showing the distribution of a jejunal artery coursing in the mesentery. Note that 
only one or two layers of arterial arches are formed by branches of the jejunal artery before the long vasa recti branch 
toward the intestine. (From an injected preparation of Hamilton Drummond.) 
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the descending branch of the right colic ar- 
tery (Figs. 8-59; 8-61). The inferior branch of 
the ileocolic artery courses toward the supe- 
rior border of the ileocolic junction and di- 
vides into colic, cecal, appendicular, and 
ileal branches (Fig. 8-61). 

The colic branch passes upward along the 
ascending colon to supply several centime- 
ters of its most proximal part. The anterior 
and posterior cecal are distributed to the 
front and back of the cecum. The appendic- 
ular artery (Fig. 8-61) descends dorsal to the 
termination of the ileum and enters the mes- 


Ascending branch of 
ileocolic artery 


Fic. 8-61 
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entery of the vermiform appendix, called the 
mesoappendix. Although the orientation of 
the appendix in the lower right quadrant is 
quite variable, the vessel courses along the 
free margin of the mesoappendix, ending in 
several branches that supply the organ. One 
of these is a recurrent branch, which sup- 
plies the posterior surface of the junction of 
the appendix with the cecum. The ileal 
branch courses to the left and upward along 
the distal part of the ileum, supplying it and 
anastomosing with the termination of the 
superior mesenteric. 
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Appendicular a. 
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The branches of the iliocolic artery supplying the cecum and the appendix. Lower left insert shows that the 


appendix may extend in virtually any direction from the cecum. In nearly 65% of cases studied. it projects superiorly 
behind the cecum and in about 31% inferomedially, as drawn in the larger figure above. 





Middle colic 
artery 


Superior 
mesenteric artery 


Jejunal 
branches 


Hleal 
branches 


Middle 
sacral artery 


OR 8 * 

we 

ad Lay Middle rectal artery 
a la 
eS 


ARTERIES OF THE THORAX AND ABDOMEN 7/743 


Left common iliac 
artery and vein 


Inferior 
mesenteric artery 


Sigmoid arteries 


Superior rectal 
artery 





Inferior rectal artery 


Fic. 8-62. The arterial supply to the large colon. 


Right Colic Artery 


The right colic artery arises directly from 
the right side of the superior mesenteric ar- 
tery, or from a stem common fo it and the 
ileocolic (Figs. 8-59; 8-62). It passes to the 
right, behind the peritoneum and anterior to 
the right testicular or ovarian vessels, the 
right ureter, and the psoas major muscle, 
toward the middle of the ascending colon. 
Sometimes the vessel lies at a higher level, 
and crosses the descending part of the duo- 
denum and the caudal end of the right kid- 
ney. At the ascending colon, the right colic 
artery divides into a descending branch, 
which anastomoses with the ileocolic, and 


an ascending branch, which anastomoses 
with the middle colic. These branches form 
arches, from the convexity of which vessels 
are distributed to the ascending colon, as far 
as the right colic flexure. 


Middle Colic Artery 


The middle colic artery arises from the 
superior mesenteric just below the pancreas 
(Figs. 8-59; 8-62) and, passing anteriorly be- 
tween the layers of the transverse meso- 
colon, divides into right and left branches. 
The right branch anastomoses with the right 
colic, and the left branch with the left colic, 
which arises from the inferior mesenteric. 
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The arches thus formed are placed about 
4cm from the transverse colon, to which 
they distribute branches. 


INFERIOR MESENTERIC ARTERY 


The inferior mesenteric artery supplies 
nearly the left half of the transverse colon, 
the whole of the descending colon, the sig- 
moid colon, and the greater part of the rec- 
tum (Figs. 8-54; 8-62; 8-63). It is smaller than 
the superior mesenteric artery and arises 
from the aorta, about 3 or 4cem above its bi- 
furcation into the common iliac arteries. The 
origin of the inferior mesenteric artery is 
close to the lower border of the horizontal 
part of the duodenum, at the level of the 
middle of the third lumbar vertebra. The 
vessel descends behind the peritoneum, 
lying initially in front of, and then on the left 
side of, the aorta. It crosses the left common 
iliac arterv, medial to the left ureter, and is 
continued into the lesser pelvis as the supe- 
rior rectal artery, descending between the 
two layers of the sigmoid mesocolon and 
ending on the upper part of the rectum. 


Branches of the 
Inferior Mesenteric Artery 


The branches of the inferior mesenteric 
artery are initially directed to the left or in- 
feriorly. They are the: 


inet colic 
Sigmoid 
Superior rectal 


Left Colic Artery 


The left colic artery courses to the left, 
deep to the peritoneum and anterior to the 
psoas major muscle (Fig. 8-62), and after a 
short but variable course, it divides into an 
ascending and a descending branch. The 
main stem of the artery or its branches cross 
the left ureter and left testicular or ovarian 
vessels. The ascending branch crosses in 
front of the left kidney and ends, between 
the two layers of the transverse mesocolon., 
by anastomosing with the middle colic ar- 
tery. The descending branch courses down 
toward the sigmoid flexure and anasto- 
moses with the highest sigmoid artery. From 


the arches formed by these anastomoses, 
branches are distributed to the descending 
colon and the left part of the transverse 
colon. 


Sigmoid Arteries 


Two or three sigmoid arteries branch from 
the continuing stem of the superior mesen- 
teric artery and run obliquely downward 
and to the left behind the peritoneum and 
ventral to the psoas major muscle, the ureter, 
and the testicular or ovarian vessels (Figs. 
8-62; 8-63). Their branches supply the caudal 
part of the descending colon and the sigmoid 
colon, anastomosing above with the left 
colic artery and below with the superior rec- 
tal artery. 


Superior Rectal Artery 


The superior rectal artery (sometimes still 
called the superior hemorrhoidal artery) is 
the continuation of the inferior mesenteric 
artery. It descends into the pelvis between 
the layers of the sigmoid mesentery and 
crosses the left common iliac vessels (Figs. 
8-62; 8-63). Opposite the third sacral verte- 
bra, it divides into two branches, which de- 
scend one on each side of the rectum and, 
about 10 or 12 cm above the anus, separate 
into several small branches. These pierce the 
muscular coat of the bowel and course 
downward as straight vessels that are placed 
at regular intervals in the wall of the gut, 
between its muscular and mucous coats, to 
the level of the internal anal sphincter. From 
this site they form a series of loops around 
the lower end of the rectum and anastomose 
with the middle rectal branches of the in- 
ternal iliac and with the inferior rectal 
branches of the internal pudendal (Figs. 8-62; 
8-63). 


CLINICAL SIGNIFICANCE. A rich anastomosis of 
arterial branches that supply the large intestine is 
formed from the ileocolic, right colic, middle colic, 
left colic, and sigmoid arteries. These vessels join in 
the formation of a series of interconnecting arcades, 
the pattern of which gives rise to a continuous ves- 
sel, called the marginal artery of Drummond, 
which courses along the inner perimeter of the large 
colon, extending from the ileocolic junction to the 
rectum. From the marginal artery branch straight 
vessels (arteriae rectae), which are directed to the 
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Fic. 8-63. The inferior mesenteric artery and the blood supply to the sigmoid colon, rectum, and anal canal. Note that 
the rectum receives its blood supply from three different sources. These are the superior rectal artery (1) from the 
inferior mesenteric artery; the middle rectal artery (2) from the internal iliac artery; and the inferior rectal artery (3) 


from the internal pudendal artery. 


organ. The clinical benefit of this vascular pattern is 
appreciated by the surgeon, who frequently is re- 
quired to ligate one or more branches of the mesen- 
teric vessels in the resection of bowel and yet main- 
tain the vascular integrity of the remainder of the 
large colon. 

A critical point of anastomosis for the mainte- 
nance of the vascular supply to the distal sigmoid 
colon, however, is found between the fields supplied 
by the sigmoid vessels and the superior rectal artery. 
The pattern of blood supply to this region must be 
studied carefully because high ligation of the supe- 
rior rectal artery may, in fact, result in the loss of 
vascularization to a portion of the distal sigmoid 
colon. 


MIDDLE SUPRARENAL ARTERIES 


Although there are three pairs of suprare- 
nal arteries—superior, middle, and inferior, 
only the middle set of vessels arises directly 
from the aorta. The superior arises from the 
inferior phrenic, and the inferior suprarenal 
arises from the renal arteries. The middle 
suprarenal arteries are two small vessels that 
arise, one from each side of the aorta, oppo- 
site the superior mesenteric artery. They 
pass laterally and slightly upward, over the 
crura of the diaphragm, to the suprarenal 
glands, where they anastomose with supra- 
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renal branches from the inferior phrenic and 
renal arteries. In the fetus, these arteries are 
large. 


RENAL ARTERIES 


The renal arteries are two large trunks that 
arise, one on each side of the aorta, immedi- 
ately below the superior mesenteric artery at 
the level of the disc between the first and 
second lumbar vertebrae (Fig. 8-54). Each is 
directed across the crus of the diaphragm of 
the corresponding side, thus forming nearly 
a right angle with the aorta. The right renal 
artery is longer than the left because of the 
position of the aorta. It passes behind the 
inferior vena cava, the right renal vein, the 
head of the pancreas, and the descending 
part of the duodenum. The left renal artery 
arises somewhat more superiorly than the 
right. It courses dorsal to the left renal vein, 
the body of the pancreas, and the splenic 
vein, and is itself crossed by the inferior 
mesenteric vein. Before reaching the hilum 
of the kidney, each artery divides into four 
or five branches, most of which lie between 
the renal vein and the ureter. At the renal 
hilum, the renal vein is most anterior and the 
pelvis of the kidney is most posterior. The 
renal artery lies between the two; however, a 
few of its branches usually enter the kidney 
behind the renal pelvic origin of the ureter. 

Each renal artery gives off some small in- 
ferior suprarenal branches to the suprarenal 
gland, the ureter, and the surrounding cellu- 
lar tissue and muscles. 

One or two accessory renal arteries are 
frequently found (23%), especially on the left 
side. These usually arise from the aorta and 
come off somewhat more frequently above 
the main renal artery than below. Instead of 
entering the kidney at the hilum, they usu- 
ally pierce the upper or lower part of the 
organ. 


TESTICULAR ARTERIES 


The testicular arteries are two long slen- 
der vessels that arise from the anterior as- 
pect of the aorta a little below the renal ar- 
teries (see Fig. 8-54). Each passes obliquely 
downward and laterally behind the perito- 
neum, resting on the psoas major muscle. 
The right testicular artery lies anterior to the 
inferior vena cava and behind the horizontal 
portion of the duodenum, the middle colic 
and ileocolic arteries, and the terminal part 


of the ileum. The left testicular artery 
courses behind the left colic and sigmoid 
arteries and the sigmoid colon. Each testicu- 
lar artery crosses obliquely over the ureter 
and distal part of the external iliac artery to 
reach the deep inguinal ring (Fig. 8-70). Pass- 
ing through the ring, the vessel accompanies 
the other constituents of the spermatic cord 
along the inguinal canal to the scrotum. 
Along its course, the testicular artery be- 
comes tortuous and divides into several 
branches. Two or three of these accompany 
the ductus deferens and supply the epididy- 
mis, anastomosing with the artery of the 
ductus deferens. Others pierce the back part 
of the tunica albuginea and supply the sub- 
stance of the testis. The testicular artery sup- 
plies one or two small branches to the ureter 
and, in the inguinal canal, gives one or two 
twigs to the cremaster muscle. 


OVARIAN ARTERIES 


In the female the ovarian arteries are the 
homologues of the testicular arteries in the 
male. They are shorter than the testicular, 
and because they supply the ovaries, they do 
not pass out of the abdominal cavity. The 
origin and course of the first part of each ar- 
tery are the same as those described for the 
testicular. Arriving at the superior inlet to 
the lesser pelvis, the ovarian artery passes 
medially between the two layers of the sus- 
pensory ligament of the ovary and of the 
broad ligament of the uterus, to be distributed 
to the ovary. Small branches supply the ure- 
ter and the uterine tube, and one passes on to 
the side of the uterus and anastomoses with 
the uterine artery. Other branches are dis- 
tributed to the round ligament of the uterus, 
through the inguinal canal, and reach the 
skin of the inguinal region and the labium 
majus. 

In the early stages of development, the 
testes or ovaries lie by the side of the ver- 
tebral column, below the kidneys, and the 
testicular or ovarian arteries are short. 
When the gonads descend into the scrotum 
or lesser pelvis, their arteries gradually 
lengthen. 


INFERIOR PHRENIC ARTERIES 


The inferior phrenic arteries are two small 
vessels that supply the diaphragm, but their 
origin is subject to some variation (see Fig. 


8-54). They may arise separately from the 
anterior aspect of the aorta, immediately 
above the celiac artery. In an almost equal 
number of instances, however, these vessels 
have been found arising from the celiac 
trunk. In nearly one-third of cadavers stud- 
ied, the two inferior phrenic arteries arise by 
means of a common vessel instead of sepa- 
rately, and this may come from either the 
aorta or the celiac trunk. Less frequently 
these vessels may stem from the renal or ac- 
cessory renal arteries, the left gastric artery, 
the hepatic arteries, and even the testicular 
arteries. 

From their origin, the inferior phrenic ar- 
teries diverge from each other, cross the 
crura of the diaphragm, and course laterally 
in an oblique direction upon the abdominal 
surface of the diaphragm. The left phrenic 
artery passes behind the esophagus and then 
courses anteriorly on the left side of the 
esophageal hiatus. The right phrenic artery 
passes behind the inferior vena cava and 
then along the right side of the diaphrag- 
matic foramen, which transmits that vein. 
Near the dorsal part of the central tendon of 
the diaphragm, each vessel divides into a 
medial and a lateral branch. The medial 
branch curves ventrally and anastomoses 
with the same vessel of the opposite side, 
and with the musculophrenic and _ peri- 
cardiacophrenic arteries. The lateral branch 
passes toward the side of the thorax and 
anastomoses with the lower posterior inter- 
costal arteries and with the musculophrenic 
artery. The lateral branch of the right 
phrenic gives off a few vessels to supply the 
wall of the inferior vena cava, and the left 
inferior phrenic gives off some branches to 
the esophagus. 

Each inferior phrenic artery gives origin to 
several superior suprarenal branches to the 
suprarenal gland of its own side. The spleen 
and the liver also receive a few twigs from 
the left and right vessels respectively. 


LUMBAR ARTERIES 


The lumbar arteries are in series with the 
posterior intercostal arteries. There are usu- 
ally four on each side, and they arise from 
the dorsum of the aorta, opposite the bodies 
of the upper four lumbar vertebrae. A small 
fifth pair arising from the middle sacral ar- 
tery is occasionally present, but more fre- 
quently lumbar branches of the iliolumbar 
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arteries take their place. The lumbar arteries 
run laterally and posteriorly on the bodies of 
the lumbar vertebrae, behind the sympa- 
thetic trunk, to the intervals between adja- 
cent transverse processes of the vertebrae 
and are then continued into the abdominal 
wall. The right lumbar arteries pass behind 
the inferior vena cava, and the upper two on 
each side course dorsal to the corresponding 
crus of the diaphragm. The arteries of both 
sides pass beneath the tendinous arches, ex- 
tending across the bodies of the lumbar ver- 
tebrae, which give origin to slips of the psoas 
major muscle. The vessels are then contin- 
ued behind this muscle and the lumbar 
plexus, and cross the quadratus lumborum, 
the upper three arteries running behind and 
the last usually in front of that muscle. At 
the lateral border of the quadratus lumborum, 
they pierce the posterior aponeurosis of the 
transversus abdominis and are Carried ante- 
riorly between this muscle and the internal 
oblique. They anastomose with the lower 
posterior intercostal, the subcostal, the ilio- 
lumbar, the deep iliac circumflex, and the 
inferior epigastric arteries and with each 
other. 

BRANCHES OF THE LUMBAR ARTERIES. In 
the interval between the adjacent transverse 
processes, each lumbar artery gives off a 
dorsal ramus, which is continued backward 
between the transverse processes and is dis- 
tributed to the muscles and skin of the back. 
The dorsal ramus also furnishes a spinal 
branch, which enters the vertebral canal and 
is distributed similarly to spinal branches of 
the dorsal rami of the posterior intercostal 
arteries. Muscular branches are supplied 
from each lumbar artery and from its poste- 
rior ramus to the neighboring muscles. The 
lumbar arteries also send vertebral branches 
to the bodies of the lumbar vertebrae and 
small renal branches to the capsules of the 
kidney. 


MIDDLE SACRAL ARTERY 


The middle sacral artery is a small vessel 
that arises from the dorsal aspect of the aorta 
a short distance above the bifurcation (Figs. 
8-54; 8-62; 8-63). At times it arises from one of 
the two fifth lumbar arteries. It descends in 
the midline anterior to the fourth and fifth 
lumbar vertebrae, the sacrum, and the coc- 
cyx. At the tip of the coccyx, the middle sac- 
ral artery reaches the coccygeal body, which 
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is a nodular structure consisting of many ar- 
teriovenous anastomoses intermeshed in a 
dense connective tissue. On the last lumbar 
vertebra it anastomoses with the lumbar 
branch of the iliolumbar artery; anterior to 
the sacrum, it anastomoses with the lateral 
sacral arteries and sends small vessels into 
the anterior sacral foramina. It is crossed by 
the left common iliac vein and is accompa- 
nied by a pair of venae comitantes. These 
unite to form a single vessel, which opens 
into the left common iliac vein. 


Arteries of the Pelvis, 
Perineum, and 
Gluteal Region 


The abdominal aorta terminates at its bi- 
furcation into the two common iliac arteries 
(Figs. 8-54; 8-64; 8-65; 8-75). On each side 
these vessels divide and subdivide, eventu- 
ally to supply the organs and walls of the 
pelvis, the perineum, and the gluteal region. 


COMMON ILIAC ARTERIES 


Just to the left side of the body of the 
fourth lumbar vertebra, the abdominal aorta 
divides into the two common iliac arteries. 
These vessels diverge laterally as they de- 
scend from the end of the aorta, and each 
divides, opposite the intervertebral fibrocar- 
tilage between the last lumbar vertebra and 
the sacrum, into an external and an internal 
iliac artery. The former vessel supplies a 
good deal of the lower limb, while the latter 
vessel supplies the viscera and walls of the 
pelvis. 

In addition to the terminal internal and 
external iliac branches, each common iliac 
artery gives off small branches to the perito- 
neum, the psoas major muscle, the ureter, 
and the surrounding areolar tissue, and oc- 
casionally gives origin to the iliolumbar or 
accessory renal arteries. 


Right Common Iliac Artery 


The right common iliac artery is usually 
somewhat longer than the left and passes 
more obliquely across the body of the last 
lumbar vertebra (Figs. 8-54; 8-65). It meas- 
ures about 5cm in length, and anterior to it 


are the peritoneum, the loops of small intes- 
tine, branches of sympathetic nerves, and, at 
its point of division, the ureter. Posteriorly, it 
is separated from the bodies of the fourth 
and fifth lumbar vertebrae and the interven- 
ing disc by the terminations of the two com- 
mon iliac veins and the commencement of 
the inferior vena cava. More deeply between 
the fifth vertebra and the psoas major mus- 
cle are the obturator nerve, the lumbosa- 
cral sympathetic trunk, and the iliolumbar 
branch of the internal iliac artery. Laterally, 
it is in relation above with the inferior vena 
cava and below with the right common iliac 
vein and the psoas major muscle. Medial to 
its upper part is the left common iliac vein. 


Left Common Iliac Artery 


The left common iliac artery, being a little 
shorter and thicker than the right, measures 
about 4cm in length (see Fig. 8-54). It is re- 
lated anteriorly to the peritoneum, loops of 
the small intestine, branches of sympathetic 
nerves, and the superior rectal artery. It is 
crossed at its point of bifurcation by the left 
ureter. Posteriorly are found the bodies of 
the fourth and fifth lumbar vertebrae and 
their intervening disc, and the disc between 
the fifth lumbar vertebra and the sacrum. 
Crossing behind the vessel between the fifth 
lumbar vertebra and the psoas major muscle 
are the lumbosacral sympathetic trunk, the 
obturator nerve, and the iliolumbar artery. 
Medial to the left common iliac artery are 
the left common iliac vein, the hypogastric 
plexus, and the middle sacral artery, while 
lateral to it is the psoas major muscle. 


VARIATIONS RELATED TO THE COMMON ILIAC AR- 
TERIES. The point of origin of the common iliac 
arteries varies according to the bifurcation of the 
aorta. In three-quarters of a large number of cases, 
the aorta bifurcated either anterior to the fourth lum- 
bar vertebra or upon the disc between it and the 
fifth. The bifurcation is located, in one case out of 
nine, below, and in one out of eleven, above this 
point. In about 80% of cases studied, the aorta bi- 
furcated within 1.25 cm above or below the level of 
the crest of the ilium, but more frequently below 
than above. 

The point of division of the common iliac arteries 
into internal and external iliac branches varies 
greatly. In two-thirds of the cases studied, this divi- 
sion occurred between the last lumbar vertebra and 
the upper border of the sacrum, being above that 
point in one of eight cases and below it in one of six 


ARTERIES OF 


Right common iliac ~=—== 


“B 


Right internal iliac 


Right external iliac 


Umbilical 
Obturator 


Inferior epigastric 


THE PELVIS, PERINEUM 


y 


749 


ie Sa eAL REOIU! 


Abdominal aorta 













ie Y Left common iliac 
f Ys 


@res. Middle sacral! 
Iliolumbar 


Lateral sacral 


Superior gluteal 


Inferior gluteal 
Internal pudendal 
Middle rectal 


Inferior vesical 
A. to ductus deferens 
Superior vesical 


Medial umbilical ligament 


Fic. 8-64. The iliac arteries and their branches. 


cases. The left common iliac artery divides lower 
than the right more frequently. 

The relative lengths of the two common iliac ar- 
teries also vary. The right common iliac was the 
longer in 37% of cases, the left in 31%; they were 
equal in 32%. The length of the arteries varied from 
3.5 to 7.5 cm in 72% of the cases studied. Of the 
remaining 28%, 14% were shorter than 3.5 cm and 
14% were longer than 7.5 cm. The shortest com- 
mon iliac artery measured only 1.25 cm, the longest 
11 cm. In rare instances, the right common iliac has 
been absent, and the external and internal iliac ar- 
teries arose directly from the aorta. 

COLLATERAL CIRCULATION. The principal vessels 
contributing to collateral circulation after the appli- 
cation of a ligature to the common iliac are the anas- 
tomoses of (1) the middle rectal branch of the inter- 
nal iliac with the superior rectal from the inferior 
mesenteric, (2) the uterine, ovarian, and vesical ar- 
teries of the opposite side with the same vessels on 
the ligated side, (3) the lateral sacral artery from the 
internal iliac and the middle sacral artery from the 
aorta, (4) the inferior epigastric artery from the ex- 
ternal iliac with the internal thoracic artery, the lower 
posterior intercostal arteries, and the lumbar ar- 
teries, (5) the deep iliac circumflex from the external 
iliac artery and the lumbar arteries from the aorta, 
(6) the iliolumbar artery from the internal iliac with 
the last lumbar artery, and (7) the obturator artery, 
by means of its pubic branch, with the same vessel 
from the opposite side and with the inferior epigas- 
tric arteries, which anastomose with the superior 
epigastric arteries. 


Internal Iliac Artery 


The internal iliac artery, also known as the 
hypogastric artery, begins at the bifurcation 
of the common iliac, anterior to the sacroil- 


lac joint at the level of the lumbosacral disc 
(Figs. 8-64; 8-65; 8-75). It follows a short, 
curved course of about 4cm, descending 
toward the greater sciatic foramen. Al- 
though it is an exceedingly variable artery in 
terms of the pattern of its branches, in 
slightly more than half the bodies it divides 
into an anterior trunk and a posterior trunk. 
It supplies the walls of the pelvis, the pelvic 
viscera, the buttock, the genital organs, and 
part of the medial thigh. 

The internal iliac artery is covered anteri- 
orly by peritoneum and in females is related 
to the ovary and uterine tube. It is also 
crossed by the ureter. Posterior to the vessel 
courses the internal iliac vein, the sacroiliac 
joint, and the lumbar contribution to the sac- 
ral plexus, called the lumbosacral trunk. Lat- 
eral to the internal iliac artery is the internal 
iliac vein, which separates the artery from 
the psoas major and the obturator nerve. 
Medial to the right artery are the terminal 
loops of the ileum, and medial to the left ar- 
tery is the flexure of the sigmoid colon as it 
becomes the rectum. 

In the fetus, the internal iliac artery is 
twice as large as the external iliac; it is the 
direct continuation of the common iliac. It 
ascends along the side of the bladder and 
runs superiorly on the inner aspect of the 
anterior wall of the abdomen to reach the 
umbilicus, converging toward the same ves- 
sel from the opposite side. Having passed 
through the umbilical opening, the two ar- 
teries, which are now called umbilical ar- 
teries, enter the umbilical cord and become 
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coiled around the umbilical vein, to ramify 
ultimately in the placenta. 

After birth, when the placental circulation 
ceases, only the pelvic portion of the umbili- 
cal artery remains patent, becoming in the 
adult the internal iliac and first part of the 
superior vesical artery. The remainder of the 
vessel is converted into a solid fibrous cord, 
the medial umbilical ligament, which ex- 
tends from the pelvis to the umbilicus. 


COLLATERAL CIRCULATION. After ligature of the 
internal iliac artery, collateral circulation is accom- 
plished by anastomoses (1) of the ovarian artery 
from the aorta and the uterine artery; (2) between 
the vesical arteries of the opposite side and the same 
vessels on the ligated side; (3) between the middle 
rectal branches of the internal iliac and the superior 
rectal artery from the inferior mesenteric; (4) be- 
tween the obturator artery and the inferior epigastric 
and medial femoral circumflex arteries, and by 
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means of the pubic branch of the obturator artery 
and the same vessel from the opposite side; (5) be- 
tween the circumflex and perforating branches of 
the deep femoral artery and the inferior gluteal; (6) 
between the superior gluteal artery and the posterior 
branches of the lateral sacral arteries; (7) between 
the iliolumbar artery and the last lumbar; (8) be- 
tween the lateral sacral artery and the middle sacral; 
and (9) between the iliac circumflex and the iliolum- 
bar and superior gluteal arteries. 


Branches of the 
Internal Iliac Artery 


The branches of the internal iliac artery 
are subject to considerable variation in their 
origin. The division into anterior and poste- 
rior trunks is seldom complete, and any two 
branches may arise from a common trunk. 
However, the distribution to tissues and or- 
gans of the individual branches is more con- 
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stant, and the different vessels may be 
grouped as follows: visceral, anterior parie- 
tal, and posterior parietal. 


Visceral 
Umbilical 
Inferior vesical 
Middle rectal 
Uterine 
Vaginal 

Anterior Parietal 
Obturator 
Internal pudendal 

Posterior Parietal 
Iliolumbar 
Lateral sacral 
Superior gluteal 
Inferior gluteal 


VARIATIONS IN THE BRANCHING PATTERN OF THE 
INTERNAL ILIAC ARTERY. In aseries of 130 consecu- 
tive dissections, Ashley and Anson (1941) recorded 
the pattern of variation in the branching of the inter- 
nal iliac artery. In the most common pattern (58%), 
the inferior gluteal and internal pudendal arteries 
were derived from a common stem, and the umbili- 
cal and superior gluteal arteries arose above them by 
separate stems. In 17%, the inferior and superior 
gluteal arteries arose from one stem and the umbili- 
cal and pudendal arteries arose from another stem. 
In 10%, the internal pudendal, inferior gluteal, and 
umbilical arteries arose by a common stem, and the 
Superior gluteal branched separately. In 8%, the 
umbilical and internal pudendal arteries arose sepa- 
rately above a common stem for the two gluteal ar- 
teries. In these instances the internal pudendal ar- 
tery appeared to be the continuation of the internal 
iliac, a condition described by some authors as a 
more primitive type found in lower animals. Five 
other patterns were described, but their appearance 
was less frequent than the above. The obturator was 
probably the most variable branch, and a few of its 
patterns are described with that artery. 


UMBILICAL ARTERY 


The umbilical arteries are generally the 
first of the visceral branches that arise from 
the internal iliac arteries (Fig. 8-64). During 
intrauterine life, these vessels form the prin- 
cipal channels from the fetal internal iliac 
arteries to the umbilical cord. By adulthood, 
most of the vessel on each side becomes a 
fibrous cord called the medial umbilical lig- 
ament; however, it does retain a patent 
lumen for a short distance beyond the inter- 
nal iliac artery. Just proximal to the site 
where the umbilical artery becomes obliter- 


ated, the umbilical artery on each side gives 
rise to several superior vesical branches 
which supply the bladder. It also may give 
rise to the artery of the ductus deferens and, 
at times, to the middle vesical artery as well. 

SUPERIOR VESICAL ARTERIES. From one to 
four small superior vesical arteries arise 
from the umbilical artery to supply the 
upper part of the bladder (Figs. 8-64; 8-65). In 
nearly 75% of cases, there are two or three 
superior vesical arteries on each side. 

ARTERY OF THE DUCTUS DEFERENS. This 
slender vessel may arise directly from the 
umbilical artery, or from one of the superior 
vesical arteries, or from the middle vesical 
artery (Fig. 8-64). It accompanies the ductus 
in its course to the testis, where it anastomo- 
ses with the testicular artery. 

MIDDLE VESICAL ARTERY. This vessel may 
arise directly from the umbilical artery or as 
a branch of the superior vesicle. It is distrib- 
uted to the fundus of the bladder and the 
seminal vesicles and anastomoses with the 
other vesical arteries. Frequently, one or 
more ureteric branches arise from the mid- 
dle vesical artery or the artery to the ductus 
deferens to supply the lower end of the ure- 
ter. These anastomose with other vessels 
that supply the more superior parts of the 
Wreter. 


INFERIOR VESICAL ARTERY 


The inferior vesical artery sometimes 
arises from the anterior trunk of the internal 
iliac artery in common with the middle rec- 
tal. It may, however, arise from a trunk in 
common with the internal pudendal and 
superior gluteal arteries, or as a branch from 
the internal pudendal (Fig. 8-65). It is usually 
a single branch and is distributed to the fun- 
dus of the bladder, the prostate, and the sem- 
inal vesicles. The branches to the prostate 
communicate with the corresponding ves- 
sels of the opposite side. 


MIDDLE RECTAL ARTERY 


The middle rectal artery may arise from 
the anterior trunk of the internal iliac with 
the inferior vesical artery, but more fre- 
quently it arises with or from the internal 
pudendal artery or from the inferior gluteal 
artery (Figs. 8-64; 8-65). Only rarely is it com- 
pletely absent. It is distributed to the rectum, 
anastomosing with the inferior vesical and 
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with the superior and inferior rectal arteries. 
[t gives branches to the seminal vesicles and 
the prostate. 


UTERINE ARTERY 


The uterine artery generally arises from 
the medial surface of the anterior trunk of 
the internal iliac (Fig. 8-66). It continues 
medially on the levator ani toward the cer- 
vix of the uterus. At about 2 cm from the cer- 
vix it crosses above and in front of the ure- 
ter, to which it supplies a small branch. 
Reaching the side of the uterus, it ascends in 
a tortuous manner between the two layers of 
the broad ligament to the junction of the 
uterine tube and uterus. It then runs laterally 
toward the hilum of the ovary and ends by 
anastomosing with the ovarian artery. It sup- 
plies branches to the uterine cervix and oth- 
ers to the vagina. These latter vessels anasto- 
mose with branches of the vaginal arteries 
and form with them the median longitudinal 
vessels called the azygos arteries of the va- 
gina. There are usually two azygos arteries, 
one of which courses down the ventral and 
the other down the dorsal surface of the va- 
gina (Fig. 8-66). The uterine artery supplies 
numerous branches to the body of the 
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uterus, and from its terminal portion twigs 
are distributed to the uterine tube and the 
round ligament of the uterus before anasto- 
mosing with the ovarian artery (Fig. 8-66). 


VAGINAL ARTERIES 


The vaginal arteries are represented by 
one, two, or even three vessels which may 
arise directly from the anterior trunk of the 
internal iliac artery (Fig. 8-66). More fre- 
quently one or more of the vaginal arteries 
arises from the uterine artery or even from 
the inferior vesical artery. Approaching the 
vagina at its junction with the uterine cervix, 
the vaginal arteries then descend upon the 
vagina, supplying its mucous membrane. 
They send branches to the bulb of the vesti- 
bule, the fundus of the bladder, and the con- 
tiguous part of the rectum, and assist in 
forming the azygos arteries of the vagina 
(Fig. 8-66). 


OBTURATOR ARTERY 


The obturator artery arises most fre- 
quently from the ventral or medial surface 
of the internal iliac artery or from one of its 
branches (Figs. 8-64; 8-65; 8-70; 8-74). It 
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Fic. 8-66. ‘The arteries of the female internal organs of reproduction as seen from behind. 
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courses ventrally on the lateral wall of the 
pelvis to the obturator canal, through which 
it courses as it leaves the pelvic cavity to 
reach the thigh, where it divides into ante- 
rior and posterior branches. Lateral to the 
obturator artery in the pelvis is the obturator 
fascia covering the obturator internus mus- 
cle. The vessel is crossed medially by the 
ureter and ductus deferens, and it is covered 
by the peritoneum. The obturator nerve ac- 
companies the artery and courses above the 
vessel, while the obturator vein courses 
below. 


Branches of the 
Obturator Artery 


Within the pelvis, the obturator artery 
gives rise to iliac, vesical, and pubic 
branches. Outside the pelvis, the vessel di- 
vides at the margin of the obturator foramen 
into an anterior and a posterior branch, 
which encircle the foramen under cover of 
the obturator externus muscle. 

ILIAC BRANCHES. The iliac branches of the 
obturator artery ascend in the iliac fossa and 
supply the iliacus muscle and send nutrient 
vessels to the ilium; they also anastomose 
with branches of the iliolumbar artery. 

VESICAL BRANCH. ‘The vesical branch of 
the obturator courses medially and back- 
ward to help supply the bladder. 

PUBIC BRANCH. The pubic branch arises 
from the obturator artery just before it 
leaves the pelvic cavity. This branch ascends 
upon the inside of the pubis and communi- 
cates with the same vessel from the opposite 
side and with the inferior epigastric artery. 

ANTERIOR BRANCH. The anterior branch of 
the obturator artery courses ventrally on the 
outer surface of the obturator membrane 
and then curves downward along the ante- 
rior margin of the foramen. It distributes 
branches to the obturator externus, pectin- 
eus, the adductor muscles, and the gracilis, 
anastomosing with the posterior branch and 
with the medial femoral circumflex artery. 

POSTERIOR BRANCH. The posterior branch 
of the obturator artery follows the posterior 
margin of the foramen and divides into two 
branches. One branch runs anteriorly on the 
inferior ramus of the ischium, where it anas- 
tomoses with the anterior branch of the ob- 
turator. The other branch gives twigs to the 
muscles attached to the ischial tuberosity 
and anastomoses with the inferior gluteal. It 
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also supplies the acetabular or articular 
branch, which enters the hip joint through 
the acetabular notch, ramifies in the fat at 
the bottom of the acetabulum, and sends a 
twig deep to the transverse acetabular liga- 
ment accompanying the ligament of the 
head of the femur. 


VARIATIONS OF THE OBTURATOR ARTERY. The ob- 
turator artery was found to arise from the internal 
iliac or one of its branches in nearly 70% of 320 
bodies studied (Pick, Anson, and Ashley, 1942). It 
arose from the main vessel in 23%, from the ante- 
rior trunk in 20%, from the posterior trunk in 3%, 
from the superior gluteal in 11%, from the inferior 
gluteal in 9%, and from the internal pudendal or 
external iliac in 2 or 3%. The origin of the obturator 
artery from the inferior epigastric artery occurred in 
27% of cases. In these instances, the artery lies in 
contact with the external iliac vein. Its course toward 
the obturator canal is relevant clinically during oper- 
ations for the repair of a femoral hernia. If its course 
is lateral to the lacunar ligament, repair is relatively 
safe. If, however, the obturator artery curves along 
the free margin of the lacunar ligament, it can encir- 
cle the neck of a hernial sac and be injured during 
the hernial repair (Fig. 8-67). 


INTERNAL PUDENDAL ARTERY 


The internal pudendal artery (Figs. 8-64; 
8-65; 8-68) supplies the perineum and exter- 
nal organs of generation, and although the 
course of the artery is the same in the two 
sexes, the vessel is smaller in the female than 
in the male, and the distribution of its 
branches somewhat different. 


Internal Pudendal 
Artery in the Male 


The internal pudendal artery in the male 
courses downward and laterally toward the 
lower border of the greater sciatic foramen 
and emerges from the pelvis between the 
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Fic. 8-67. An obturator artery is shown arising from 
the inferior epigastric and following the free edge of the 
lacunar ligament to the obturator foramen. 
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piriform and coccygeus muscles. It then 
crosses the ischial spine and courses through 
the medial part of the lesser sciatic foramen 
to enter a tunnel deep to the fascia of the 
obturator internus muscle called the puden- 
dal canal (of Alcock’). At this point the obtu- 
rator internus forms the lateral wall of the 
ischiorectal fossa, and the canal courses 
about 4cm above the lower margin of the 
ischial tuberosity. The artery gradually ap- 
proaches the margin of the inferior ramus of 
the ischium, and then passes ventrally be- 
tween the two layers of the fascia of the uro- 
genital diaphragm. Continuing anteriorly 
along the medial margin of the inferior 
ramus of the pubis and about 1.25 cm dorsal 


‘Benjamin Alcock (1801-unknown): An Irish anatomist 
who moved to America in 1855. 
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to the arcuate pubic ligament, it divides into 
the dorsal and deep arteries of the penis, 
but it may pierce the superficial fascia of 
the urogenital diaphragm before doing so 
(Fig. 8-68). 


RELATIONS OF THE MALE INTERNAL PUDENDAL AR- 
TERY. Within the pelvis, the internal pudendal ar- 
tery lies anterior to the piriformis muscle, the sacral 
plexus of nerves, and the inferior gluteal artery. 
Crossing the ischial spine, it is covered by the glu- 
teus maximus and overlapped by the sacrotuberous 
ligament. At this latter side, the pudendal nerve lies 
medial to the artery, and the nerve to the obturator 
internus muscle lies lateral to the artery. /n the peri- 
neum, the internal pudendal artery lies on the lateral 
wall of the ischiorectal fossa in the pudendal canal, 
formed by the splitting of the obturator fascia. It is 
accompanied by a pair of companion veins and the 
pudendal nerve. 
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Fic. 8-68. The superficial branches of the internal pudendal artery in the male urogenital region. 
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BRANCHES OF THE MALE INTERNAL PUDENDAL 
artery. Although a few muscular branches 
arise from the internal pudendal artery 
within the pelvis, most branches supply 
structures in both the anal and the urogenital 
regions of the perineum. The branches are: 


Muscular 

Inferior rectal 

Perineal 

Artery of the bulb of the penis 
Urethral 

Deep artery of the penis 
Dorsal artery of the penis 


MUSCULAR BRANCHES. Muscular branches 
from the internal pudendal artery consist of 
two sets: one given off in the pelvis and the 
other as the vessel crosses the ischial spine 
in the gluteal region. Within the pelvis sev- 
eral small unnamed vessels supply the leva- 
tor ani, the obturator internus, the piri- 
formis, and the coccygeus. The branches 
given off in the gluteal region are distributed 
to the adjacent parts of the gluteus maximus 
and to other lateral rotator muscles; they 
anastomose with branches of the inferior 
gluteal artery. 

INFERIOR RECTAL ARTERY. Also known as 
the inferior hemorrhoidal artery, this vessel 
arises from the internal pudendal as it passes 
above the ischial tuberosity. Piercing the fas- 
cial sheath forming the pudendal canal, the 
artery divides into two or three branches 
which cross the ischioreetal fossa and are 
distributed to the muscles and integument of 
the anal region (Fig. 8-68). Small branches 
also ascend around the lower edge of the 
gluteus maximus to the skin of the buttock. 
Branches of the inferior rectal artery anasto- 
mose with the corresponding vessels of the 
opposite side, with the superior and middle 
rectal, and with the perineal artery. 

PERINEAL ARTERY. The perineal artery 
arises from the internal pudendal anterior to 
the inferior rectal branches. It pierces the 
urogenital diaphragm and crosses either 
over or under the superficial transverse peri- 
neal muscle (Fig. 8-68). Continuing forward 
in the superficial perineal compartment of 
the urogenital region, the vessel courses an- 
teriorly, parallel to the pubic arch, in the in- 
terspace between the bulbospongiosus and 
ischiocavernosus muscles. It supplies both 
these muscles and finally divides into sev- 
eral posterior scrotal branches, which are 
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distributed to the skin and dartos tunic of 
the scrotum. As it pierces the urogenital dia- 
phragm, the perineal artery gives off a small 
transverse branch, which courses medially 
along the cutaneous surface of the superfi- 
cial transverse perineal muscle and anasto- 
moses with the corresponding vessel of the 
opposite side and with the inferior rectal ar- 
teries. The transverse branch supplies the 
muscle and other structures between the 
anus and the bulb of the penis. 

ARTERY OF THE BULB OF THE PENIS. The ar- 
tery to the bulb is a short vessel of large cali- 
ber which arises from the internal pudendal 
between the two layers of fascia of the uro- 
genital diaphragm (Fig. 8-68). It passes medi- 
ally, pierces the inferior fascia of the urogen- 
ital diaphragm, and gives off branches that 
ramify in the bulb of the penis and in the 
posterior part of the corpus spongiosum 
penis. It gives off a small branch to the bul- 
bourethral gland (of Cowper’). 

URETHRAL ARTERY. The urethral branch of 
the internal pudendal artery arises a short 
distance anterior to the artery of the bulb of 
the penis. It runs medially, pierces the infe- 
rior fascia of the urogenital diaphragm, and 
enters the corpus spongiosum penis in 
which it is continued forward to the glans 
penis. It supplies the urethra and its sur- 
rounding tissue. 

DEEP ARTERY OF THE PENIS. The deep ar- 
tery of the penis is one of the terminal 
branches of the internal pudendal artery 
(Fig. 8-68). It arises from that vessel while it 
is situated between the two fascial layers of 
the urogenital diaphragm. It pierces the infe- 
rior fascial layer of the urogenital dia- 
phragm and enters the crus penis obliquely. 
The deep artery continues distally in the 
center of the corpus cavernosum penis, its 
branches being distributed to the erectile 
tissue. 

DORSAL ARTERY OF THE PENIS. The dorsal 
artery of the penis is the other terminal 
branch of the internal pudendal artery (Fig. 
8-68). It arises in the deep perineal compart- 
ment, just lateral and deep to the bulbo- 
spongiosus muscle. Piercing the inferior fas- 
cia of the urogenital diaphragm between the 
crus penis and the pubic arch, it then passes 
between the two layers of the suspensory 
ligament to reach the dorsum of the penis, 


'William Cowper (1666-1709): An English surgeon and 
anatomist (London). 
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where it runs distally to the glans, sending 
branches to the glans and prepuce. Along the 
penis, it hes between the dorsal nerve and 
deep dorsal vein. It supplies the skin and fi- 
brous sheath of the corpora cavernosa penis 
and anastomoses with the deep artery. 


VARIATIONS OF THE MALE INTERNAL PUDENDAL 
ARTERY. Sometimes the internal pudendal artery is 
smaller than usual or fails to give off one or two of its 
usual branches. In such instances, the deficiency 
generally is supplied by branches derived from an 
additional vessel, the accessory pudendal artery, 
which usually arises from the internal pudendal ar- 
tery before its exit from the greater sciatic foramen. 
The accessory vessel passes forward along the lower 
part of the bladder and across the side of the pros- 
tate to the root of the penis, where it perforates the 
urogenital diaphragm, and gives off branches usu- 
ally derived from the internal pudendal artery. The 
variation most frequently encountered is that in 
which the internal pudendal ends as the artery of the 
urethral bulb, while the dorsal and deep arteries of 
the penis arise from the accessory pudendal. The 
internal pudendal artery may also end as the peri- 
neal artery, the artery of the urethral bulb being de- 
rived, with the other two branches, from the acces- 
sory vessel. Occasionally the accessory pudendal 
artery is derived from one of the other branches of 
the internal iliac artery, most frequently the inferior 
vesical or the obturator. 


Internal Pudendal Artery 
in the Female 


In the female, the internal pudendal artery 
is considerably smaller than in the male. 
Its origin and course, however, are similar 
and there are comparable branches for the 
homologous structures. Posterior labial 
branches of the perineal artery supply the 
labia majora: the artery of the bulb supplies 
the erectile tissue of the vestibular bulb and 
the vagina; the deep artery of the clitoris 
supplies the corpus cavernosum clitoridis: 
and the dorsal artery of the clitoris supplies 
the dorsum of that organ, ending in the glans 
and prepuce of the clitoris. 


ILIOLUMBAR ARTERY 


The iliolumbar artery is a branch of the 
internal iliac artery, which usually comes off 
the posterior trunk (Figs. 8-64; 8-65). It 
courses upward and laterally beneath the 
common iliac artery, initially between the 
lumbosacral trunk and the obturator nerve. 
It then ascends between the vertebral col- 


umn and the psoas major muscle. Just above 
the pelvic brim and behind the psoas major 
muscle, the iliolumbar artery divides into a 
lumbar and an iliac branch. 

LUMBAR BRANCH. The lumbar branch of 
the iliolumbar artery supplies the psoas 
major and quadratus lumborum, and anasto- 
moses with the fourth, which is the last, lum- 
bar artery. It also sends a small spinal 
branch through the intervertebral foramen 
between the last lumbar vertebra and the 
sacrum, into the vertebral canal, to supply 
the cauda equina of the spinal cord. 

ILIAC BRANCH. The iliac branch of the ilio- 
lumbar artery descends to supply the iliacus 
muscle. Some branches, running between 
the muscle and the bone, anastomose with 
the iliac branches of the obturator artery. 
One of these enters an oblique canal to sup- 
ply the ilium, while others run along the 
crest of the ilium, distributing branches to 
the gluteal and abdominal muscles, and 
anastomosing in their course with the supe- 
rior gluteal, the circumflex iliac, and the lat- 
eral femoral circumflex arteries. 


LATERAL SACRAL ARTERIES 


The lateral sacral arteries arise from the 
posterior trunk of the internal iliac; there are 
usually two, a superior and an inferior (Figs. 
8-64; 8-65). 

SUPERIOR LATERAL SACRAL ARTERY. The 
superior lateral sacral artery passes medially 
and, after anastomosing with branches from 
the middle sacral, enters the first or second 
pelvic (anterior) sacral foramen. It supplies 
branches to the contents of the sacral canal 
and anastomoses with other spinal vessels. It 
then leaves the spinal canal by passing 
through the corresponding posterior sacral 
foramen, and is distributed to the skin and 
muscles on the dorsum of the sacrum, anas- 
tomosing with the superior gluteal artery. 

INFERIOR LATERAL SACRAL ARTERY. The in- 
ferior lateral sacral artery courses obliquely 
across the piriformis muscle and the anterior 
rami of the sacral nerves to the medial side 
of the pelvic (anterior) sacral foramina. It 
descends on the sacrum and anastomoses 
over the coccyx with the middle sacral and 
the opposite lateral sacral artery. In_ its 
course, it gives off branches that enter the 
pelvic sacral foramina. After supplying the 
contents of the sacral canal, these vessels 
emerge through the posterior sacral foram- 
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ina and are distributed to the muscles and 
skin on the dorsal surface of the sacrum. 
They anastomose with both the superior and 
inferior gluteal arteries. 


SUPERIOR GLUTEAL ARTERY 


The superior gluteal artery is the largest 
branch of the internal iliac artery and is a 
direct continuation of its posterior trunk 
(Figs. 8-64; 8-65; 8-74; 8-76). It is a short artery 
that courses backward between the lumbo- 
sacral trunk and the first sacral nerve. Pass- 
ing out of the pelvis through the greater sci- 
atic foramen, above the superior border of 
the piriformis muscle, the superior gluteal 
artery immediately divides into a superficial 
and a deep branch (Fig. 8-69). Within the pel- 
vis it gives off muscular branches to the ili- 
acus, piriformis, and obturator internus, and 
before leaving that cavity, it gives off a nutri- 
ent artery which enters the ilium. 

SUPERFICIAL BRANCH. ‘The superficial 
branch of the superior gluteal artery enters 
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the deep surface of the gluteus maximus and 
divides into numerous branches (Fig. 8-69). 
Some of these supply the muscle and anasto- 
mose with the inferior gluteal artery; others 
perforate its tendinous origin and supply 
the skin covering the dorsal surface of the 
sacrum, anastomosing with the posterior 
branches of the lateral sacral arteries. 

DEEP BRANCH. The deep branch of the 
superior gluteal artery lies deep to the glu- 
teus medius and almost immediately subdi- 
vides into a superior and an inferior division 
(Fig. 8-69). The superior division continues 
the original course of the vessel and passes 
along the superior border of the gluteus min- 
imus to the anterior superior spine of the 
ilium. It anastomoses with the deep iliac cir- 
cumflex artery and the ascending branch of 
the lateral femoral circumflex artery. The in- 
ferior division crosses the gluteus minimus 
obliquely to the greater trochanter, distrib- 
uting branches to the gluteal muscles and 
anastomosing with the lateral femoral cir- 
cumflex artery. Some branches pierce the 
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Fic. 8-69. ‘The superior and inferior gluteal arteries and their branches. (From Benninghoff and Goerttler, Lehrbuch 


der Anatomie des Menschen, 1975.) 
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gluteus minimus to supply the hip joint. 
Throughout most of its course, the deep 
branch of the superior gluteal artery ramifies 
between the gluteus medius and gluteus 
minimus muscles, helping to define the 
plane of separation between their fibers. 


INFERIOR GLUTEAL ARTERY 


The inferior gluteal artery is distributed 
chiefly to the buttocks and back of the thigh. 
It passes posteriorly between the first and 
second sacral nerves, or between the second 
and third sacral nerves, and then descends 
between the piriformis and coccygeus mus- 
cles through the lower part of the greater sci- 
atic foramen to the gluteal region (Figs. 8-64: 
8-65; 8-74; 8-76). It then descends in the inter- 
val between the greater trochanter of the 
femur and tuberosity of the ischium, accom- 
panied by the sciatic and posterior femoral 
cutaneous nerves and covered by the gluteus 
maximus. The inferior gluteal artery contin- 
ues down the posterior thigh, supplying the 
skin and anastomosing with vessels from the 
perforating branches of the femoral artery. 


Branches of the 
Inferior Gluteal Artery 


Within the pelvis, the inferior gluteal ar- 
tery distributes branches to the piriformis, 
coccygeus, and levator ani. Some branches 
help to supply the fat around the rectum, 
and occasionally take the place of the mid- 
dle rectal artery. Other branches help to sup- 
ply the fundus of the bladder, the seminal 
vesicles, and the prostate. 

Outside the pelvis (Fig. 8-69), the inferior 
gluteal artery gives off the following 
branches: 


Muscular 

Coccygeal 

Artery of the sciatic nerve 
Anastomotic 

Articular 

Cutaneous 


MUSCULAR BRANCHES. Muscular branches 
from the inferior gluteal artery in the gluteal 
region supply (1) the gluteus maximus, 
where they anastomose with the superior 
gluteal artery in the substance of the muscle: 
(2) the smaller, lateral rotator muscles, anas- 
tomosing with the internal pudendal artery; 


and (3) the upper part of the hamstring mus- 
cles attached to the tuberosity of the ischium. 
These latter vessels anastomose with the 
posterior branch of the obturator and the 
medial femoral circumflex arteries. 

COCCYGEAL BRANCHES. The _ coccygeal 
branches course medially, pierce the sacro- 
tuberous ligament, and supply the gluteus 
maximus, the skin, and other structures on 
the back of the coccyx (Fig. 8-76). 

ARTERY OF THE SCIATIC NERVE. This long, 
slender branch of the inferior gluteal artery 
accompanies the sciatic nerve for a short 
distance, then penetrates it and runs in its 
substance to the distal part of the thigh 
(Fig. 8-69). 

ANASTOMOTIC BRANCH. The anastomotic 
branch of the inferior gluteal artery de- 
scends obliquely and laterally in the gluteal 
region across the small external rotators of 
the thigh to assist in forming the so-called 
cruciate anastomosis. This anastomosis 
around the neck and greater trochanter of 
the femur involves the first perforating and 
medial and lateral femoral circumflex 
branches of the femoral artery in addition to 
the inferior gluteal artery. 

ARTICULAR BRANCH. An articular branch, 
generally arising from the anastomotic, is 
distributed to the capsule of the hip joint. 

CUTANEOUS BRANCHES. The cutaneous 
branches of the inferior gluteal artery are 
distributed to the skin of the buttock and 
posterior thigh. 


External Iliac Artery 


The external iliac artery on both the right 
and left sides is larger than the internal iliac. 
Each vessel passes obliquely downward and 
laterally along the medial border of the 
psoas major muscle. The external iliac ar- 
tery extends from the bifurcation of the 
common iliac artery to a point beneath the 
inguinal ligament, midway between the an- 
terior superior spine of the ilium and the 
symphysis pubis (Figs. 8-64; 8-65; 8-70; 8-74). 
Entering the thigh below the inguinal liga- 
ment, the vessel then becomes the femoral 
artery. 


RELATIONS. Anteriorly and medially, the external 
iliac artery is related to the parietal peritoneum, the 
subperitoneal areolar tissue, the termination of the 
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ileum, and, frequently, the vermiform appendix on 
the right side and the sigmoid colon on the left side. 
The origin of the artery is occasionally crossed by 
the ureter and, in females, by the ovarian artery and 
vein. The testicular vessels lie for some distance on 
the external iliac artery above the inguinal ligament, 
but near its termination. The vessel ts crossed at this 
site by the genital branch of the genitofemoral nerve 
and the deep iliac circumflex vein. Curving across its 
medial aspect in the male is the ductus deferens, 
or in the female, the round ligament of the uterus. 
Posteriorly, the external iliac artery ts related to the 
medial border of the psoas major muscle, from 
which it is separated by the iliac fascia. Proximally, 
the lateral portion of the external iliac vein lies be- 
hind the artery, but more distally, the vein courses 
entirely medial to the artery. Latera//y, the external 
iliac artery rests on the iliac fascia overlying the 
psoas major muscle. Numerous lymphatic vessels 
and lymph nodes lie on the anterior and medial as- 
pects of the vessel. 

COLLATERAL CIRCULATION. The principal anasto- 
moses providing collateral circulation after the appli- 
cation of a ligature to the external iliac are: (1) the 
iliolumbar with the iliac circumflex, (2) the superior 
gluteal with the lateral femoral circumflex, (3) the 
obturator with the medial femoral circumflex, (4) the 
inferior gluteal with the first perforating and circum- 
flex branches of the profunda artery, and (5) the in- 
ternal pudendal with the external pudendal. When 
the obturator artery arises from the inferior epigas- 
tric, it receives blood by branches from the internal 
iliac or the lateral sacral or the internal pudendal ar- 
tery, and the inferior epigastric receives blood by 
anastomoses with the internal thoracic and lower 
intercostal arteries, and from the internal iliac by 
anastomoses of its branches with the obturator. 
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Branches of the 
External Iliac Artery 


In addition to several small branches 
given to the psoas major muscle and the 
neighboring lymph nodes, the external iliac 
gives off two branches of considerable size. 
These are the: 


Inferior epigastric 
Deep iliac circumflex 


INFERIOR EPIGASTRIC ARTERY 


The inferior epigastric artery arises from 
the external iliac immediately above the in- 
guinal ligament (Figs. 8-70; 8-74). It curves 
anteriorly in the subperitoneal tissue and 
then ascends obliquely along the medial 
margin of the deep inguinal ring. Continuing 
its course upward, the vessel pierces the 
transversalis fascia, and passing anterior to 
the arcuate line, it ascends between the 
rectus abdominis muscle and the poste- 
rior layer of its sheath. The inferior epigas- 
tric artery finally divides into numerous 
branches, and these anastomose, above the 
umbilicus, with the superior epigastric 
branch of the internal thoracic and with the 
lower posterior intercostal arteries (see Fig. 
8-31). As the inferior epigastric artery passes 
obliquely upward from its origin, it lies 
along the lower and medial margins of the 
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Fic. 8-70. The inferior epigastric artery seen from the inner aspect of the lower abdominal wall. Observe also the 
relationships of the femoral ring and the deep inguinal ring. 
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deep inguinal ring and behind the com- 
mencement of the spermatic cord. The duc- 
tus deferens in the male or the round liga- 
ment of the uterus in the female winds 
around the lateral and dorsal aspects of the 
artery. In its ascent on the inner aspect of the 
anterior abdominal wall, it is covered by a 
reflection of peritoneum called the lateral 
umbilical fold. The following branches arise 
from the inferior epigastric artery: 


Cremasteric 

Artery of the round ligament 
Pubic 

Muscular 


CREMASTERIC ARTERY. The _ cremasteric 
artery is found in males and it accompanies 
the spermatic cord, supplying the cremaster 
muscle and other coverings of the cord. It 
anastomoses with the testicular, the external 
pudendal, and the perineal arteries. 

ARTERY OF THE ROUND LIGAMENT. In fe- 
males, the artery that corresponds to the 
cremasteric is a small vessel that accompa- 
nies the round ligament of the uterus. 

PUBIC BRANCH. The pubic branch of the 
inferior epigastric artery courses along the 
inguinal ligament. It then descends along the 
medial margin of the femoral ring to the in- 
ternal surface of the pubis and there anasto- 
moses with the pubic branch of the obtu- 
rator artery. In almost one-third of the 
cadavers, the pubic branch is much larger 
and actually becomes the obturator arterv. 

MUSCULAR BRANCHES. Some of the muscu- 
lar branches of the inferior epigastric artery 
are distributed to the abdominal muscles 
and peritoneum, anastomosing with the il- 
lac circumflex and lumbar arteries. Other 
branches perforate the tendon of the exter- 
nal oblique muscle to supply the skin and to 
anastomose with branches of the superficial 
epigastric artery. 


VARIATIONS. The inferior epigastric artery may 
arise from any part of the external iliac between the 
inguinal ligament and a point 6 cm above it. The 
vessel may also arise from the femoral artery below 
the inguinal ligament. Frequently it branches from 
the external iliac by a common trunk with the obtu- 
rator. Sometimes the inferior epigastric arises from 
the obturator, the latter vessel being furnished by 
the internal tllac, or it may be formed by two 
branches, one derived from the external iliac, the 
other from the internal iliac. 


DEEP ILIAC 
CIRCUMFLEX ARTERY 


The deep iliac circumflex artery arises 
from the lateral aspect of the external iliac 
almost opposite the inferior epigastric artery 
(Fig. 8-74). It ascends laterally to the anterior 
superior iliac spine, deep to the inguinal lig- 
ament. In its course it lies between the trans- 
versalis fascia and the peritoneum, or it is 
contained in a fibrous sheath formed by the 
union of the transversalis fascia and iliac 
fascia. In the lateral wall of the pelvis, the 
deep iliac circumflex artery anastomoses 
with the ascending branch of the lateral fem- 
oral circumflex artery from below. It then 
pierces the transversalis fascia and passes 
along the inner lip of the crest of the ilium to 
about its middle, where it perforates the 
transversus abdominis, and runs dorsally 
between that muscle and the internal 
oblique to anastomose with the iliolumbar 
and superior gluteal arteries. Opposite the 
anterior superior iliac spine, it gives off a 
large ascending branch, which courses be- 
tween the internal oblique and transversus 
muscles, supplying them and anastomosing 
with the lumbar and inferior epigastric ar- 
teries. 


Arteries of the 
Lower Limb 


The artery that supplies the greater part of 
the lower limb is the direct continuation of 
the external iliac (Fig. 8-74). It courses as a 
single trunk from the inguinal ligament to 
the lower border of the popliteus muscle 
behind the knee joint, where it divides into 
two branches, the anterior and posterior tib- 
ial. The upper part of the main trunk courses 
through the anterior and medial aspect of 
the thigh and is called the femoral artery. 
Below the adductor canal, the artery passes 
through a hiatus in the tendon of the adduc- 
tor magnus muscle in order to reach the pop- 
liteal fossa, where the vessel is called the 
popliteal artery. 


Femoral Artery 


The femoral artery, being the continuation 
of the external iliac artery, begins immedi- 
ately below the inguinal ligament, midway 
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Fig. 8-71. Femoral sheath opened to show its three compartments. 


between the anterior superior iliac spine and 
the symphysis pubis (Figs. 8-71 to 8-75). It 
passes distally along the anteromedial as- 
pect of the thigh. ending at the junction of 
the middle and lower thirds of the thigh, 
where it passes through an opening in the 
tendon of the adductor magnus muscle to 
become the popliteal artery (Fig. 8-76). In the 
upper part of the thigh. the femoral artery 
lies anterior to the hip joint, while in the 
lower part of its course, it lies medial to the 
shaft of the femur. Between these two parts, 
it crosses the angle between the head and 
shaft. remaining at some distance from the 
bone. The first 4cm of the vessel are en- 
closed, together with the femoral vein. in the 
fibrous femoral sheath. In the upper third of 
the thigh, the femoral artery is contained in 
the femoral triangle (of Scarpa’) and in the 


‘Antonio Scarpa (1747-1842). A Venetian anatomist and 
ophthalmologist (Pavia). 


middle third of the thigh, in the adductor 
canal (of Hunter’). 

FEMORAL SHEATH. The femoral sheath is 
formed by a prolongation downward under 
the inguinal ligament of the transversalis 
fascia anterior to the femoral vessels and the 
iliac fascia behind them (Figs. 8-71; 8-72). 
The sheath assumes the form of a short fun- 
nel, the wide end of which is directed supe- 
riorly, while the inferior, narrow end fuses 
with the adventitia of the vessels, about 4 cm 
below the inguinal ligament. It is strength- 
ened anteriorly by a band termed the deep 
crural arch. The lateral wall of the sheath is 
perforated by the femoral branch of the 
genitofemoral nerve. The medial wall is 
pierced by the great saphenous vein and by 
some lymphatic vessels. The sheath is di- 
vided into three compartments by two verti- 


2John Hunter (1728-1793). A Scottish surgeon, anatomist 
and physiologist (Edinburgh and London). 
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Fic. 8-72. The structures passing deep to the inguinal ligament, as seen inferiorly. 


cal partitions which stretch between its an- 
terior and posterior walls. The lateral 
compartment contains the femoral artery, 
and the intermediate compartment contains 
the femoral vein. The medial compartment 
is the smallest and is called the femoral 
canal (Figs. 8-71; 8-72). It contains some lym- 
phatic vessels and a lymph node (of Cloquet! 
or Rosenmiller?) embedded in a_ small 
amount of areolar tissue. The femoral canal 
is conical and measures about 1.25cm in 
length. Its base is directed superiorly and, 
although oval in form, is named the femoral 
ring (Fig. 8-70). The long diameter of the ring 
is directed transversely and it measures 
about 1.25 cm. The femoral ring (Fig. 8-70) is 
bounded anteriorly by the inguinal liga- 
ment, posteriorly by the pectineus muscle 
and its overlying pectineal fascia, medially 
by the crescentic base of the lacunar liga- 
.-ment, and laterally by the fibrous septum on 
the medial aspect of the femoral vein. The 
spermatic cord in the male and the round 
ligament of the uterus in the female lie im- 
mediately superior to the anterior margin of 
the ring, and the inferior epigastric vessels 


‘Jules G. Cloquet (1790-1883): A French anatomist and 
surgeon (Paris). 

“Johann C. Rosenmiller (1771-1820): A German anato- 
mist (Leipzig). 


are close to its superior and lateral angle 
(Fig. 8-70). The femoral ring is closed by a 
somewhat condensed portion of the subperi- 
toneal fatty tissue, called the femoral sep- 
tum, the abdominal surface of which sup- 
ports a small lymph node and is covered by 
the parietal layer of the peritoneum. The 
peritoneum presents a slight depression 
named the femoral fossa. The femoral sep- 
tum is pierced by numerous lymphatic ves- 
sels passing from the deep inguinal to the 
external iliac lymph nodes. The femoral 
nerve is not enclosed by the femoral sheath 
(Fig. 8-71). 

FEMORAL TRIANGLE. The femoral triangle 
corresponds to the depression seen immedi- 
ately below the fold of the groin (Fig. 8-73). 
Its apex is directed inferiorly, and the sides 
are formed Iaterally by the sartorius, medi- 
ally by the adductor longus, and superiorly 
by the inguinal ligament. The floor of the 
space is formed from its lateral to medial 
aspect by the iliacus, psoas major, and pec- 
tineus muscles, and in some cases by a small 
part of the adductor brevis. It is divided into 
two nearly equal parts by the femoral ves- 
sels, which extend from near the middle of 
its base to its apex. The femoral artery gives 
off both its more superficial and deep 
branches, while the femoral vein receives its 
femoral and great saphenous tributaries. On 
the lateral aspect of the femoral artery is the 
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femoral nerve and its branches. In addition 
to the vessels and nerves, the femoral tri- 
angle contains some fat and lymphatics. 

ADDUCTOR CANAL. The adductor canal is a 
fascial tunnel in the middle third of the 
thigh, extending from the apex of the femo- 
ral triangle to the opening in the tendon of 
the adductor magnus muscle, through which 
the femoral vessels course to the popliteal 
fossa (Figs. 8-75; 8-76). The canal is bounded 
anteriorly and laterally by the vastus medi- 
alis muscle, and posteriorly by the adductors 
longus and magnus. It is covered anteriorly 
by a strong fascia that lies deep to the sarto- 
rius and extends from the vastus medialis 
across the femoral vessels to the adductors 
longus and magnus. The canal contains the 
femoral artery and vein, and the saphenous 
nerve. 
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The left femoral vessels and some of their branches, and the femoral nerve in the femoral triangle. 


RELATIONS OF THE FEMORAL ARTERY. In the femo- 
ral triangle, the artery is situated quite superficially. 
Anterior to it are the skin, the superficial fascia, the 
superficial inguinal lymph nodes, the superficial iliac 
circumflex vein, the superficial layer of the fascia 
lata, and the anterior part of the femoral sheath. The 
femoral branch of the genitofemoral nerve courses 
for a short distance within the lateral compartment 
of the femoral sheath and lies at first lateral and then 
anterior to the artery. Near the apex of the femoral 
triangle, the medial cutaneous branches of the femo- 
ral nerve cross the artery from its lateral to its medial 
aspect. 

Posterior to the femoral artery are the posterior 
part of the femoral sheath, the pectineal fascia, the 
medial part of the tendon of the psoas major muscle, 
the pectineus muscle, and the adductor longus mus- 
cle. The artery is separated from the capsule of the 
hip joint by the tendon of the psoas major muscle, 
from the pectineus muscle by the femoral vein and 
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deep femoral vessels, and from the adductor longus 
muscle by the femoral vein. The nerve to the pectin- 
eus passes medially behind the artery. On the /atera/ 
aspect of the artery, but separated from it by some 
fibers of the psoas major muscle, is the femoral 
nerve. The femoral vein is on the medial aspect of 
the artery in the upper part of the femoral triangle, 
but is posterior to it in the lower part of the triangle. 

In the adductor canal (Fig. 8-75), the femoral ar- 
tery is more deeply situated, being covered by the 
skin, the superficial and deep fasciae, the sartorius, 
and the fibrous roof of the femoral canal. The saphe- 
nous nerve crosses the artery from its lateral to its 
medial aspect within the adductor canal. Posterior to 
the artery are the adductors longus and magnus, 
and antero/atera/ to it is the vastus medialis. The 
femoral vein lies behind the artery in the upper part 
of the adductor canal, but lateral to it in the distal 
part of the canal. 

VARIATIONS. In rare cases the femoral artery is 
absent, and its place ts taken by an enlarged inferior 
gluteal artery, which has accompanied the sciatic 
nerve to the popliteal fossa. When this occurs, the 
inferior gluteal represents the persistence of the 
Original axis artery (Fig. 8-13), and the external iliac 
is small, terminating as the deep femoral artery. 
Occasionally, the femoral vein courses along the 
medial aspect of the artery throughout the entire ex- 
tent of the femoral triangle, or it may be split so that 
a large vein is placed on both sides of the artery for a 
greater or lesser distance through the thigh. 

COLLATERAL CIRCULATION. After ligature of the 
femoral artery, collateral circulation (Fig. 8-74) re- 
sults from anastomoses of (1) the superior and infe- 
rior gluteal branches of the internal iliac with the 
medial and lateral femoral circumflex and first perfo- 
rating branches of the deep femoral artery; (2) the 
obturator branch of the internal iliac with the medial 
femoral circumflex branch of the deep femoral; 
(3) the internal pudendal from the internal tllac with 
the superficial and deep external pudendal arteries 
off the femoral; (4) the deep iliac circumflex from the 
external iliac with the lateral femoral circumflex of 
the deep femoral and the superficial tllac circumflex 
of the femoral; and (5) the inferior gluteal of the 
internal tllac with the perforating branches of the 
deep femoral artery (Fig. 8-76). 


Branches of the 
Femoral Artery 


The branches of the femoral artery are: 


Superficial epigastric 
Superficial circumflex iliac 
Superficial external pudendal 
Deep external pudendal 
Muscular 

Profunda femoris 

Descending genicular artery 


SUPERFICIAL EPIGASTRIC ARTERY 


The superficial epigastric artery arises 
from the femoral artery about 1cm below 
the inguinal ligament (Figs. 8-73: 8-75). It 
passes through the femoral sheath and the 
cribriform fascia, turns upward in front of 
the inguinal ligament, and ascends between 
the two lavers of the superficial fascia. ante- 
rior to the external oblique muscle of the 
abdominal wall. almost to the umbilicus. It 
distributes branches to the superficial subin- 
guinal lymph nodes, the superficial fascia, 
and the skin. It anastomoses with branches 
of the inferior epigastric artery and with the 
superficial epigastric of the other side. 


SUPERFICIAL CIRCUMFLEX 
ILIAC ARTERY 


The superficial circumflex iliac artery is 
the smallest of the superficial branches of 
the femoral artery. It arises close to the su- 
perficial epigastric, pierces the fascia lata, 
runs laterally, parallel to the inguinal liga- 
ment, to the crest of the ilium (Figs. 8-73; 8- 
75). It divides into branches that supply the 
skin of the groin and the superficial subin- 
guinal lymph nodes, and it anastomoses with 
the deep circumflex iliac, superior gluteal, 
and lateral femoral circumflex arteries. 


SUPERFICIAL EXTERNAL 
PUDENDAL ARTERY 


The superficial external pudendal artery 
arises from the medial aspect of the femoral 
artery, close to the preceding vessels (Figs. 
8-73: 8-75). After piercing the femoral sheath 
and the cribriform fascia, it courses medially 
across the spermatic cord (or round ligament 
in the female) and is distributed to the skin 
on the lower part of the abdomen, and to the 
penis and scrotum in the male, or the labium 
majus in the female. It anastomoses with 
branches of the internal pudendal artery. 


DEEP EXTERNAL 
PUDENDAL ARTERY 


The deep external pudendal artery, more 
deeply situated than the preceding vessel. 
passes medially across the pectineus and 
adductor longus muscles (Figs. 8-73; 8-75). It 
is covered by the fascia lata, which it pierces 
at the medial aspect of the thigh, and is dis- 
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Fig. 8-74. Collateral] circulation about the hip and the upper part of the right thigh. (From Eycleshymer and Jones.) 


tributed to the skin of the scrotum and peri- 
neum in the male or to the labium majus in 
the female. Its branches anastomose with the 
posterior scrotal (or labial) branches of the 
perineal artery. 


MUSCULAR BRANCHES 


Muscular branches of the femoral artery 
supply the sartorius, vastus medialis, and 
adductor muscles. 


DEEP FEMORAL ARTERY 


The deep (or profunda) femoral artery is a 
large vessel that arises from the lateral and 
posterior part of the femoral artery, 2 to 5cm 
below the inguinal ligament (Figs. 8-74; 8-75). 
Initially, it lies lateral to the femoral artery. 
but then courses behind it and the femoral 
vein to the medial aspect of the femur. Pass- 
ing down to the lower third of the thigh, pos- 
terior to the adductor longus muscle, the 
deep femoral artery ends as a small branch. 
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Fic. 8-75. The femoral artery and its branches viewed from the anterior aspect of the thigh. 


This branch pierces the adductor magnus 
and is distributed to the hamstring muscles 
on the posterior thigh. The terminal part of 
the deep femoral artery is sometimes named 
the fourth perforating artery, and it anasto- 
moses with upper branches of the popliteal 
artery. 


RELATIONS OF THE DEEP FEMORAL ARTERY. FPoste- 


rior to the vessel, from above downward, are the 
illacus, pectineus, adductor brevis, and adductor 


magnus. Anteriorly, the deep femoral artery ts sepa- 
rated from the femoral artery by the femoral and 
deep femoral veins above and by the adductor 
longus muscle below. Latera/ly, the origin of the 
vastus medialis intervenes between the upper part of 
the deep femoral artery and the femur. 
VARIATIONS. The deep femoral artery sometimes 
arises from the medial side and, more rarely, from 
the back of the femoral artery. A more important 
variation, however, from a surgical point of view, is 
the level in the thigh at which the vessel arises. In 
three-fourths of a large number of specimens it 


arose from 2.25 to 5cm below the inguinal liga- 
ment. In a few specimens it arose higher, more 
rarely Opposite the inguinal ligament, and in one 
subject, above the ligament from the external iliac 
artery. Occasionally the distance between the origin 
of the deep femoral artery and the inguinal ligament 
exceeds 5 cm. 


Branches of the 
Deep Femoral Artery 


The deep femoral artery supplies much of 
the musculature in the anterior and medial 
compartments of the thigh. Some of its ves- 
sels penetrate through the musculature to 
the posterior compartment, thereby contrib- 
uting to the supply of the hamstrings. Its 
branches are: 


Medial femoral circumflex 
Lateral femoral circumflex 
Perforating 

Muscular 


Medial Femoral 
Circumflex Artery 


The medial femoral circumflex artery 
arises from the medial aspect of the deep 
femoral and winds around the medial aspect 
of the femur (Fig. 8-74). In about 25% of ca- 
davers it arises directly from the femoral ar- 
tery. It passes first between the pectineus 
and psoas major muscles, and then between 
the obturator externus and the adductor 
brevis. Continuing into the gluteal region 
between the quadratus femoris and adduc- 
tor magnus muscles, it gives off ascending 
and transverse branches. The ascending 
branch goes to the adductor muscles, the 
gracilis, and the obturator externus, and it 
anastomoses with the obturator artery. The 
transverse branch descends beneath the 
adductor brevis to supply it and the adduc- 
tor magnus. 

The continuation of the medial femoral 
circumflex artery passes posteriorly and di- 
vides into superficial, deep, and acetabular 
branches. The superficial branch appears 
between the quadratus femoris and the 
proximal border of the adductor magnus. It 
anastomoses with the inferior gluteal, lateral 
femoral circumflex, and first perforating ar- 
teries, thereby contributing to the cruciate 
anastomosis. The deep branch runs _ ob- 
liquely upward upon the tendon of the obtu- 
rator externus, and in front of the quadratus 
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femoris toward the trochanteris fossa, where 
it anastomoses with twigs from the gluteal 
arteries. The acetabular branch arises oppo- 
site the acetabular notch and enters the hip 
joint beneath the transverse acetabular liga- 
ment in company with the acetabular 
branch of the obturator artery. It supplies 
the fat in the acetabular fossa and continues 
along the round ligament to the head of the 
femur. 


Lateral Femoral 
Circumflex Artery 


The lateral femoral circumflex artery 
arises from the lateral aspect of the deep 
femoral artery (Figs. 8-74; 8-75). In nearly 
20% of cadavers studied, it arises independ- 
ently from the femoral artery. It passes later- 
ally between the divisions of the femoral 
nerve and behind the sartorius and rectus 
femoris muscles, and divides into ascending, 
transverse, and descending branches. 

The ascending branch passes superiorly, 
deep to the tensor fasciae latae, to the lateral 
aspect of the hip, and anastomoses with the 
terminal branches of the superior gluteal 
and deep iliac circumflex arteries. 

The descending branch of the lateral fem- 
oral circumflex artery courses downward 
behind the rectus femoris and upon the 
vastus lateralis, which it supplies. One long 
branch descends in the vastus lateralis mus- 
cle as far as the knee and anastomoses with 
the superior lateral genicular branch of the 
popliteal artery. It is accompanied by the 
branch of the femoral nerve to the vastus lat- 
eralis. 

The transverse branch is the smallest 
branch, but it is often absent. It passes later- 
ally over the vastus intermedius, pierces the 
vastus lateralis, and winds around the 
femur, just below the greater trochanter. It 
anastomoses on the back of the thigh with 
the medial femoral circumflex, inferior glu- 
teal, and first perforating arteries, thereby 
participating in the cruciate anastomosis. 


Perforating Arteries 


Usually three perforating arteries arise 
from the deep femoral artery, and the termi- 
nation of the deep femoral is frequently con- 
sidered the fourth (Figs. 8-74; 8-76). These 
vessels are so named because they perforate 
the adductor magnus muscle to reach the 
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Fic. 8-76. The arteries of the gluteal, posterior femoral, and popliteal regions. 


back of the thigh. They pass posteriorly 
close to the linea aspera of the femur under 
cover of the small tendinous arches in the 
muscle. The first is given off above the ad- 
ductor brevis, the second anterior to that 
muscle, and the third immediately below it. 

The first perforating artery passes posteri- 
orly between the pectineus and adductor 
brevis muscles, and sometimes it perforates 
the latter (Figs. 8-74; 8-76). It then pierces the 
adductor magnus close to the linea aspera, 
giving branches to the adductors brevis and 
magnus, the biceps femoris, and the gluteus 
maximus. It anastomoses with the infer- 


ior gluteal. medial and lateral femoral cir- 
cumflex, and second perforating arteries 
(Fig. 8-74). 

The second perforating artery, larger than 
the first, pierces the tendons of the adductors 
brevis and magnus and divides into ascend- 
ing and descending branches, which supply 
the posterior femoral muscles and anasto- 
mose with the first and third perforating 
(Fig. 8-76). The second perforating artery 
frequently arises in common with the first. 
The nutrient artery of the femur usually 
branches from the second perforating artery, 
but when two nutrient arteries exist, they 


usually are derived from the first and third 
perforating vessels. 

The third perforating artery pierces the 
adductor magnus and divides into branches 
that supply the posterior femoral muscles 
(Fig. 8-76). These anastomose above with the 
higher perforating arteries and below with 
the terminal branches of the deep femoral 
artery and the muscular branches of the 
popliteal. The termination of the deep femo- 
ral artery, as was already described, is some- 
times termed the fourth perforating artery. 


Muscular Branches 


Numerous muscular branches arise from 
the deep femoral artery. Some of these end 
in the adductor muscles; others pierce the 
adductor magnus, give branches to the ham- 
strings, and anastomose with the medial 
femoral circumflex artery and with the supe- 
rior muscular branches of the popliteal ar- 
ley. 


DESCENDING GENICULAR ARTERY 


The descending genicular artery arises 
from the femoral just before the latter vessel 
passes through the opening in the tendon of 
the adductor magnus muscle (Figs. 8-74; 8- 
75). It immediately divides into a saphenous 
and an articular branch. 

SAPHENOUS BRANCH. The saphenous 
branch of the descending genicular artery 
pierces the aponeurotic covering of the ad- 
ductor canal and accompanies the saphe- 
nous nerve to the medial aspect of the knee. 
It passes between the sartorius and gracilis 
muscles and, piercing the fascia lata, is dis- 
tributed to the skin on the upper and medial 
part of the leg. It anastomoses with the me- 
dial inferior genicular artery. 

ARTICULAR BRANCH. The articular branch 
of the descending genicular artery descends 
in the substance of the vastus medialis, ante- 
rior to the tendon of the adductor magnus, to 
the medial aspect of the knee (Fig. 8-75). 
Here it anastomoses with the medial supe- 
rior genicular artery and anterior recurrent 
tibial artery. Another anastomosing branch 
crosses the lower thigh above the patellar 
surface of the femur, forming an arterial 
arch with the lateral superior genicular ar- 
tery, from which branches supply the knee 
joint. 
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Popliteal Artery 


The popliteal artery is the continuation of 
the femoral artery and it courses through 
the popliteal fossa (Figs. 8-76; 8-77; 8-81). The 
vessel commences at an opening in the apo- 
neurosis of the adductor magnus muscle at 
the lower end of the adductor canal. Extend- 
ing from the junction of the middle and dis- 
tal thirds of the posterior thigh, the popliteal 
artery courses downward to the intercondy- 
lar fossa of the femur. It then continues dis- 
tally to the lower border of the popliteus 
muscle, where it divides into anterior and 
posterior tibial arteries. 

POPLITEAL FOSSA. The popliteal fossa is a 
diamond-shaped region posterior to the knee 
joint. Laterally it is bounded by the biceps 
femoris above, and by the plantaris and the 
lateral head of the gastrocnemius below. Me- 
dially it is limited by the semitendinosus 
and semimembranosus above, and by the 
medial head of the gastrocnemius below. 
The floor of the fossa is oriented anteriorly 
and is formed by the popliteal surface of the 
femur, the oblique popliteal ligament of the 
knee joint, the proximal end of the tibia, and 
the fascia covering the popliteus muscle. 
The fossa is covered posteriorly by the pop- 
liteal fascia, which is pierced by the small 
saphenous vein. 

Contents of the Popliteal Fossa. The 
popliteal fossa contains the popliteal vessels, 
the tibial and the common peroneal nerves, 
the termination of the small saphenous vein, 
the distal part of the posterior femoral cuta- 
neous nerve, the articular branch from the 
obturator nerve, a few small lymph nodes, 
and a considerable amount of fat. The tibial 
nerve descends through the middle of the 
fossa, lying most superficially beneath the 
deep fascia and crossing behind the popli- 
teal vessels from lateral to medial. The com- 
mon peroneal nerve descends laterally along 
the upper part of the fossa, close to the ten- 
don of the biceps femoris. The popliteal ves- 
sels course along the floor of the fossa. The 
popliteal artery is closest to the bone, and 
the popliteal vein, coursing superficial to the 
artery, is interposed between it and the 
nerves. The two vessels are united by dense 
areolar tissue. The popliteal vein is a thick- 
walled vessel which at first is lateral to the 
artery and then crosses it posteriorly to gain 
its medial aspect below. Sometimes the vein 
is doubled and interconnected by short 
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transverse branches. In these instances, the 
artery courses between the veins. The artic- 
ular branch of the obturator nerve descends 
upon the artery to the knee joint. The poplit- 
eal lymph nodes, six or seven in number, are 
embedded in the fat. One node lies beneath 
the popliteal fascia near the termination of 
the external saphenous vein, another be- 
tween the popliteal artery and the back of 
the knee joint, while others are aligned along 
the popliteal vessels. Arising from the pop- 
liteal artery and passing at right angles are 
its genicular branches. 


RELATIONS OF THE POPLITEAL ARTERY. Anterior to 
the artery from above downward are the popliteal 
surface of the femur (which is separated from the 
vessel by some fat), the back of the knee joint, and 
the fascia covering the popliteus muscle. Posteriorly, 
the vessel is overlapped by the semimembranosus 
above, and it is covered by the gastrocnemius and 
plantaris muscles below. In the middle part of its 
course, the artery is separated from the skin and fas- 
cia by fat, and it is crossed from lateral to medial by 
the tibial nerve and the popliteal vein, the vein being 
interposed between the nerve and the artery and 
closely adherent to the latter. On its /atera/ aspect 
above are the biceps femoris, the tibial nerve, the 
popliteal vein, and the lateral condyle of the femur; 
below are the plantaris and the lateral head of the 
gastrocnemius. On its medial aspect above are the 
semimembranosus and the medial condyle of the 
femur; below are the tibial nerve, the popliteal vein, 
and the medial head of the gastrocnemius. 

VARIATIONS. Occasionally the popliteal artery 
divides into its terminal branches opposite the knee 
joint. The anterior tibial under these circumstances 
usually passes anterior to the popliteus. Sometimes 
the popliteal artery divides into anterior tibial and 
peroneal branches, the posterior tibial being want- 
ing or very small. Occasionally it divides into three 
branches, the anterior and posterior tibial and the 
peroneal arteries. 


Branches of the 
Popliteal Artery 


In addition to its terminal branches, the 
popliteal artery gives rise to muscular, cuta- 
neous, and genicular vessels, the latter form- 
ing an anastomosis around the knee. The 
branches are: 


Superior muscular 

Sural 

Cutaneous 

Medial superior genicular 
Lateral superior genicular 


Middle genicular 
Medial inferior genicular 
Lateral inferior genicular 


SUPERIOR MUSCULAR BRANCHES 


Two or three superior muscular branches 
arise from the proximal part of the popliteal 
artery and are distributed to the lower parts 
of the adductor magnus and hamstring mus- 
cles (Fig. 8-76). These anastomose with the 
terminal vessels from the deep femoral ar- 
tery. 


SURAL ARTERIES 


The medial and lateral sural arteries are 
two large branches which are distributed to 
the gastrocnemius, soleus, and_ plantaris 
muscles of the calf (Figs. 8-77; 8-81). They 
arise from the popliteal artery opposite the 
knee joint. 


CUTANEOUS BRANCHES 


Cutaneous branches arise either from the 
popliteal artery or from some of _ its 
branches. They descend between the two 
heads of the gastrocnemius, and piercing the 
deep fascia, they are distributed to the skin 
of the back of the leg. One branch usually 
accompanies the small saphenous vein. 


SUPERIOR GENICULAR ARTERIES 


There are usually two superior genicular 
arteries. These arise one on each side of the 
popliteal artery and are therefore called 
medial and lateral superior genicular ar- 
teries. They wind around the femur, imme- 
diately proximal to its condyles, to the front 
of the knee joint. 

MEDIAL SUPERIOR GENICULAR ARTERY. The 
medial superior genicular courses anterior 
to the semimembranosus and semitendino- 
sus above the medial head of the gastrocne- 
mius (Figs. 8-76 to 8-78). Passing deep to the 
tendon of the adductor magnus, it divides 
into two branches. One of these supplies the 
vastus medialis, anastomosing with the de- 
scending genicular and medial inferior 
genicular arteries; the other ramifies close to 
the surface of the femur, supplying it and the 
knee joint, and anastomosing with the lateral 
superior genicular artery. The medial supe- 
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rior genicular artery is often small, with a 
resulting compensatory increase in the size 
of the descending genicular artery. 

LATERAL SUPERIOR GENICULAR ARTERY. The 
lateral superior genicular courses above the 
lateral condyle of the femur, deep to the ten- 
don of the biceps femoris, and divides into a 
superficial and a deep branch (Figs. 8-76; 
8-78, 8-80; 8-81). The superficial branch sup- 
plies the vastus lateralis and anastomoses 
with the descending branch of the lateral 
femoral circumflex and the lateral inferior 
genicular arteries. The deep branch supplies 
the lower part of the femur and knee joint 
and forms an anastomotic arch across the 
anterior aspect of the joint with the descend- 
ing genicular, the medial superior genicular, 
and the inferior genicular arteries. 


MIDDLE GENICULAR ARTERY 


The middle genicular artery is a small ves- 
sel that arises from the popliteal artery op- 
posite the back of the knee joint (Fig. 8-76). It 


pierces the oblique popliteal ligament and 
supplies the ligaments and synovial mem- 
brane on the interior of the knee joint. 


INFERIOR GENICULAR ARTERIES 


Two inferior genicular arteries arise from 
the popliteal artery below the knee joint. 
Under cover of the gastrocnemius muscle, 
one vessel branches from the medial aspect 
of the main vessel and the other from the 
lateral. 

MEDIAL INFERIOR GENICULAR ARTERY. The 
medial inferior genicular artery is usually 
the larger of the two lower genicular vessels 
(Figs. 8-77 to 8-79; 8-81). It descends medially 
in an oblique direction along the proximal 
margin of the popliteus, to which it gives 
branches. It then passes below the medial 
condyle of the tibia, deep to the tibial collat- 
eral ligament of the knee. At the anterior 
border of this ligament, the vessel ascends to 
the anterior and medial aspects of the joint, 
to supply the upper end of the tibia and the 


knee joint itself. It anastomoses with the lat- 
eral inferior and medial superior genicular 
arteries. 

LATERAL INFERIOR GENICULAR ARTERY. The 
lateral inferior genicular courses laterally 
above the head of the fibula to the front of 
the knee joint, passing deep to the lateral 
head of the gastrocnemius, the fibular collat- 
eral ligament of the knee joint, and the ten- 
don of the biceps femoris (Figs. 8-77 to 8-80). 
It ends by dividing into branches that anas- 
tomose with the medial inferior and lateral 
superior genicular arteries, the anterior and 
posterior tibial recurrent, and the circumflex 
fibular branch of the posterior tibial artery. 

ANASTOMOSIS AROUND THE KNEE JOINT. An 
intricate network of vessels forms a superfi- 
cial and deep plexus of arteries around the 
patella and on the contiguous ends of the 
femur and tibia (Figs. 8-78; 8-80). The super- 
ficial plexus is situated in the superficial fas- 
cia around the patella and forms three well- 
defined arches. One is found above the 
upper border of the patella, in the loose con- 
nective tissue over the quadriceps femoris 
muscle. The other two, distal to the patella, 
are situated in the fat deep to the ligamen- 
tum patellae. The deep plexus forms a close 
network of vessels which lies on the lower 
end of the femur and upper end of the tibia 
around their articular surfaces, sending 
numerous branches into the interior of the 
knee joint. The arteries that form this plexus 
are the two medial and the two lateral 
genicular branches of the popliteal, the de- 
scending genicular, the descending branch 
of the lateral femoral circumflex, the ante- 
rior and posterior tibial recurrent, and the 
circumflex fibular. 


Anterior Tibial Artery 


The anterior tibial artery commences at 
the lower border of the popliteus muscle at 
the bifurcation of the popliteal artery (Figs. 
8-77; 8-81). It passes anteriorly between the 
two heads of the tibialis posterior muscle 
and then through the aperture above the 
upper border of the interosseous membrane, 
to achieve the deep part of the front of the 
leg. Here the anterior tibial artery lies close 
to the medial aspect of the neck of the fibula. 
Descending on the anterior surface of the 
interosseous membrane, the vessel gradually 
approaches the tibia (Figs. 8-79; 8-80). In the 
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distal part of the leg it lies on the tibia, and 
then anterior to the ankle joint, it becomes 
more superficial and is called the dorsalis 
pedis artery. 


RELATIONS OF THE ANTERIOR TIBIAL ARTERY. |n 
the upper two-thirds of its course, the anterior tibial 
artery rests upon the interosseous membrane. The 
lower one-third of the artery descends upon the front 
of the tibia and the anterior ligament of the ankle 
joint. In the upper third of the leg, it lies between the 
tibialis anterior and the extensor digitorum longus, 
and in the middle third, between the tibialis anterior 
and extensor hallucis longus. At the ankle the artery 
is crossed from lateral to medial by the tendon of the 
extensor hallucis longus, lying between this latter 
tendon and the first tendon of the extensor digi- 
torum longus. The vessel is covered in the upper 
two-thirds of the leg by muscles that lie on both 
sides and by the deep fascia. In the distal third of the 
leg it is covered by the skin and fascia, and by the 
extensor retinaculum. 

The anterior tibial artery is accompanied by a pair 
of venae comitantes which course along the sides of 
the artery. The deep peroneal nerve, descending 
obliquely around the lateral aspect of the neck of the 
fibula, enters the anterior compartment of the leg to 
lie on the lateral aspect of the anterior tibial artery. 
At about the middle of the leg, the nerve lies anterior 
to the artery, but in the lower leg it again ts usually 
on the lateral aspect. 

VARIATIONS. The anterior tibial artery may be 
small or entirely absent, its place being taken by per- 
forating branches from the posterior tibial, or by the 
perforating branch of the peroneal artery. Occasion- 
ally, the artery deviates toward the fibular side of the 
leg, regaining its usual position anterior to the ankle. 
More rarely, the vessel becomes superficial as high 
as the middle of the leg, being covered only by skin 
and fascia beyond that point. 


Branches of the 
Anterior Tibial Artery 


The anterior tibial artery supplies vessels 
to the anastomosis around the knee joint, to 
the muscles in the anterior compartment of 
the leg, and to the anastomosis around the 
ankle joint, becoming at that point the dorsa- 
lis pedis artery. Its branches are: 


Posterior tibial recurrent 
Anterior tibial recurrent 
Muscular 

Anterior medial malleolar 
Anterior lateral malleolar 
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Fig 8-79. Anterior tibial and dorsalis pedis arteries. 
Right leg. 


POSTERIOR TIBIAL 
RECURRENT ARTERY 


The posterior tibial artery is an inconstant 
branch, but when present, it arises from the 
anterior tibial artery before that vessel 
achieves the anterior aspect of the leg. It as- 
cends anterior to the popliteus muscle, 
which it supplies, and it anastomoses with 
the inferior genicular branches of the popli- 
teal artery, sending a twig to the tibiofibular 
joint. 


ANTERIOR TIBIAL 
RECURRENT ARTERY 


The anterior tibial recurrent artery arises 
from the anterior tibial immediately after 
that vessel has reached the anterior aspect of 
the leg (Figs. 8-78 to 8-80). It ascends in the 
tibialis anterior muscle, and ramifies on the 
front and sides of the knee joint, assisting in 
the formation of the arterial plexus. It anas- 
tomoses with the inferior genicular branches 
of the popliteal artery and with the circum- 
flex fibular artery. 


MUSCULAR BRANCHES 


Numerous muscular branches arise from 
the anterior tibial artery. They are distrib- 
uted to the muscles that lie on both sides of 
the vessel. Some branches pierce the deep 
fascia to supply the skin, while others pass 
deeply through the interosseous membrane 
to anastomose with branches of the poste- 
rior tibial and peroneal arteries. 


ANTERIOR MEDIAL 
MALLEOLAR ARTERY 


The anterior medial malleolar artery 
arises about 5cm above the ankle joint, but 
it may arise lower down, even from the dor- 
salis pedis artery (Fig. 8-79). It passes behind 
the tendons of the extensor hallucis longus 
and tibialis anterior, to the medial aspect of 
the ankle. Its branches ramify over the me- 
dial malleolus and contribute to a network 
of vessels, anastomosing with branches from 
the posterior tibial and medial plantar ar- 
teries. 


ANTERIOR LATERAL 
MALLEOLAR ARTERY 


The anterior lateral malleolar artery is 
generally larger than the anterior medial 
vessel (Fig. 8-80). It usually arises from the 


anterior tibial artery distal to the lateral mal- 
leolus and may even arise from the dorsalis 
pedis artery. It passes deep to the tendons of 
the extensor digitorum longus and peroneus 
tertius and supplies the lateral aspect of the 
ankle. It anastomoses with the perforating 
branch of the peroneal artery and with as- 
cending twigs from the lateral tarsal artery. 

ANASTOMOSIS AROUND THE ANKLE JOINT. 
The arteries around the ankle joint anasto- 
mose freely with one another to form net- 
works below the corresponding malleoli. 
The medial malleolar network is formed by 
the anterior medial malleolar branch of the 
anterior tibial, the medial tarsal branches of 
the dorsalis pedis, the posterior medial 
malleolar and medial calcaneal branches of 
the posterior tibial, and branches from the 
medial plantar artery. The lateral malleolar 
network is formed by the anterior lateral 
malleolar branch of the anterior tibial, the 
lateral tarsal branch of the dorsalis pedis, 
the perforating and the lateral calcaneal 
branches of the peroneal, and twigs from the 
lateral plantar artery (Fig. 8-80). 


Dorsalis Pedis Artery 


The dorsalis pedis artery is the continua- 
tion of the anterior tibial artery beyond the 
ankle joint (Figs. 8-79; 8-80). It passes distally 
along the tibial side of the dorsum of the foot 
to the proximal part of the first intermeta- 
tarsal space. At this site the vessel divides 
into two terminal branches. These are the 
first dorsal metatarsal artery, which courses 
between the first and second toes, and the 
deep plantar artery, which penetrates be- 
tween the two heads of the first dorsal inter- 
osseous muscle to enter the sole of the foot, 
helping to complete the plantar arch. 


RELATIONS OF THE DORSALIS PEDIS ARTERY. The 
dorsalis pedis artery rests upon the anterior aspect of 
the articular capsule of the ankle joint. It continues 
distally in front of the talus, navicular, and interme- 
diate cuneiform bones, and the ligaments intercon- 
necting them. The artery is covered by the skin, fas- 
cia, and the inferior extensor retinaculum, and it Is 
crossed near its termination by the first tendon of the 
extensor digitorum brevis. On its tibial or medial 
aspect is the tendon of the extensor hallucis longus. 
On its fibular or /atera/ aspect are the first tendon of 
the extensor digitorum longus and the termination 
of the deep peroneal nerve. The dorsalis pedis artery 
is usually accompanied by two veins. 

VARIATIONS. The dorsalis pedis artery may be 


TD 
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larger than usual to compensate for a deficient lat- 
eral plantar artery. Its terminal branches to the toes 
may be absent, the toes then being supplied by the 
medial plantar, or its place may be taken by a large 
perforating branch of the peroneal artery (3%). In its 
descending course, the dorsalis pedis artery may lie 
lateral to the line between the middle of the ankle 
and the first interosseous space. In 12% of bodies, 
the dorsalis pedis is so small that it is essentially 
absent. The arcuate branch of the dorsalis pedis ar- 
tery is a vessel of significant size in only 54% of feet 
studied (Huber, 1941). 


Branches of the 
Dorsalis Pedis Artery 


The dorsalis pedis artery supplies the dor- 
sum of the foot with the following branches: 


Lateral tarsal 

Medial tarsal 

Arcuate 

First dorsal metatarsal 
Deep plantar 


LATERAL TARSAL ARTERY 


The lateral tarsal artery arises most fre- 
quently from the dorsalis pedis as that vessel 
crosses the head of the talus (Figs. 8-79; 8-80). 
It passes laterally in an arched course, 
lying upon the tarsal bones and covered by 
the extensor digitorum brevis muscle. The 
lateral tarsal artery supplies this muscle and 
the articulations of the tarsus. It anastomo- 
ses with branches of the arcuate, anterior 
lateral malleolar, and lateral plantar arteries, 
and with the perforating branch of the pero- 
neal artery. 


MEDIAL TARSAL ARTERIES 


Two or three small medial tarsal arteries 
ramify on the medial border of the foot and 
join the medial malleolar network (Fig. 8-80). 


ARCUATE ARTERY 


The arcuate artery arises from the dorsalis 
pedis artery on the dorsum of the foot, be- 
tween the medial cuneiform and the base of 
the second metatarsal bone (Fig. 8-79). It 
passes laterally over the bases of the second, 
third, and fourth metatarsal bones, deep to 
the tendons of the extensor digitorum brevis, 
its direction being influenced by its point of 
origin. It anastomoses with the lateral tarsal 
and lateral plantar arteries. The arcuate ar- 
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tery gives off the second, third, and fourth 
dorsal metatarsal arteries (Fig. 8-80). These 
vessels course distally upon the correspond- 
ing dorsal interosseous muscles, and in the 
clefts between the toes, each divides into 
two dorsal digital arteries for the adjoining 
toes (Fig. 8-80). At the proximal parts of the 
interosseous spaces, the dorsal metatarsal 
arteries receive perforating branches from 
the plantar arch, and at the distal parts of the 
spaces they are joined by other perforating 
branches from the plantar metatarsal ar- 
teries. The fourth dorsal metatarsal artery 
gives off a branch that supplies the lateral 
aspect of the fifth toe. 


FIRST DORSAL 
METATARSAL ARTERY 


The first dorsal metatarsal artery courses 
distally on the first dorsal interosseous mus- 
cle and, at the cleft between the first and sec- 
ond toes, divides into two branches. One of 
these passes deep to the tendon of the exten- 
sor hallucis longus and is distributed to the 
medial border of the great toe; the other bi- 
furcates to supply the adjoining sides of the 
great and second toes. 


DEEP PLANTAR ARTERY 


The deep plantar artery penetrates into 
the sole of the foot between the two heads of 
the first dorsal interosseous muscle and 
unites with the termination of the lateral 
plantar artery, thereby completing the plan- 
tar arch (Figs. 8-79; 8-80). On the plantar as- 
pect of the foot, it sends a branch along the 
medial side of the great toe, continuing dis- 
tally along the first interosseous space as the 
first plantar metatarsal artery (Figs. 8-82: 8- 
83). This latter vessel bifurcates and thereby 
supplies the adjacent sides of the first and 
second toes. 


Posterior Tibial Artery 


The posterior tibial artery begins at the 
lower border of the popliteus muscle, oppo- 
site the interval between the tibia and fibula 
(Figs. 8-77; 8-81). It is larger than the anterior 
tibial artery, and it descends obliquely 
downward and medially in the posterior 
compartment of the leg between the superfi- 
cial and deep muscle layers. As it ap- 
proaches the tibial side of the leg, lying be- 
hind the tibia in the lower part of its course, 
the vessel is situated midway between the 
medial malleolus and the medial process of 
the calcaneal tuberosity. Under cover of the 
origin of the abductor hallucis it divides into 
the medial and lateral plantar arteries (Figs. 
8-82; 8-83). 


RELATIONS OF THE POSTERIOR TIBIALARTERY. The 
posterior tibial artery lies successively upon the 
tibialis posterior, the flexor digitorum longus, the 
tibia, and the posterior part of the ankle joint. It is 
covered in the upper part of the leg by the deep 
transverse fascia that separates it from the gastro- 
cnemius and soleus, and at its entrance into the foot, 
it is covered by the abductor hallucis muscle. In the 
distal third of the leg, the artery is more superficial, 


being covered only by skin and fascia, and it courses 
parallel but anterior to the medial border of the 
tendo calcaneus. The posterior tibial artery is accom- 
panied by two veins and by the tibial nerve. The 
latter structure at first lies medial to the artery, but 
soon crosses the vessel posteriorly, and throughout 
most of its course lies lateral to the artery. 

Deep to the flexor retinaculum behind the medial 
malleolus, the tendons, blood vessels, and nerve are 
arranged from medial to lateral in the following 
order: the tendons of the tibialis posterior and fiexor 
digitorum longus, the posterior tibial artery with a 
vein on each side, the tibial nerve, and, 1.25 cm 
nearer the heel, the tendon of the flexor hallucis 
longus. 

VARIATION. The posterior tibial artery quite fre- 
quently its smaller than usual or even absent. In 
these cases Its fieid is supplied by a large peroneal 
artery, which either joins the small posterior tibial 
artery or continues alone to the sole of the foot. 


Branches of the 
Posterior Tibial Artery 


From the posterior tibial artery arise the 
following branches: 


Circumflex fibular 
Peroneal 

Nutrient (tibial) 
Muscular 

Medial malleolar 
Communicating 
Medial calcaneal 
Medial plantar 
Lateral plantar 


CIRCUMFLEX FIBULAR ARTERY 


The circumflex fibular artery usually 
arises from the upper end of the posterior 
tibial artery, but may arise from the popli- 
teal artery or even from the anterior tibial 
artery. It pierces the fibular head of the so- 
leus muscle, winds around the neck of the 
fibula, and supplies the soleus along with the 
peroneal muscles arising from the upper fib- 
ula. It participates in the anastomosis 
around the lateral aspect of the knee joint 
(Fig. 8-78). 


PERONEAL ARTERY 


The peroneal artery is deeply located on 
the fibular side of the back of the leg. It 
arises from the posterior tibial artery about 
2.5cm distal to the lower border of the 
popliteus muscle (Figs. 8-77; 8-81). It passes 
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obliquely toward the fibula and then de- 
scends along the medial aspect of that bone, 
contained in a fibrous canal between the 
tibialis posterior and the flexor hallucis 
longus, or in the substance of the latter mus- 
cle. The peroneal artery then runs behind 
the tibiofibular syndesmosis, ending in lat- 
eral calcaneal branches which ramify over 
the lateral and posterior surfaces of the cal- 
caneus. In the proximal part of the leg, the 
peroneal artery is covered by the soleus 
muscle and the deep transverse fascia. More 
distally, it lies deep to the flexor hallucis 
longus muscle. 


VARIATIONS. The peroneal artery may arise from 
the posterior tibial artery higher than normal, or 
even from the popliteal artery. In contrast, it may 
arise as far as 7 or 8 cm below the popliteus muscle. 
lf the vessel is larger than normal, it either reinforces 
the posterior tibial by joining it, or when it is very 
large, altogether takes the place of the posterior tib- 
ial in the distal part of the leg and foot. In the rarer 
instances, when the peroneal artery is smaller than 
normal, another branch from the posterior tibial 
helps to supply its muscular field, and a branch from 
the anterior tibial compensates for the diminished 
perforating artery. In 3% of specimens, the perforat- 
ing branch of the peroneal artery is considerably en- 
larged and it takes the place of the dorsalis pedis 
artery. 


Branches of the 
Peroneal Artery 


The peroneal artery supplies vessels to 
structures in the lateral aspect of the leg. The 
branches are: 


Muscular 
Nutrient (fibular) 
Perforating 
Communicating 
Lateral malleolar 
Lateral calcaneal 


MUSCULAR BRANCHES. Muscular branches 
of the peroneal artery go to the soleus, 
tibialis posterior, flexor hallucis longus, and 
peroneal muscles. 

NUTRIENT ARTERY. The nutrient artery 
from the peroneal is directed downward and 
enters the nutrient canal of the fibula. 

PERFORATING BRANCH. The _ perforating 
branch of the peroneal artery pierces the in- 
terosseous membrane about 5cm above the 
lateral malleolus to reach the anterior part of 
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the leg, where it anastomoses with the ante- 
rior lateral malleolar artery (Figs. 8-77; 8-79; 
8-80). It then descends anterior to the tibio- 
fibular syndesmosis, gives branches to the 
tarsus, and anastomoses with the lateral tar- 
sal artery. 

COMMUNICATING BRANCH. A cOMmunicCat- 
ing branch arises from the peroneal artery 
about 5cm from its distal end (Fig. 8-77). It 
courses transversely across the leg just pos- 
terior to the interosseous membrane to join 
the communicating branch of the posterior 
tibial. 


LATERAL MALLEOLAR BRANCHES. Several 


small lateral malleolar branches arise from 
the peroneal artery; they wind around the 
lateral malleolus and join the lateral mal- 
leolar network (Fig. 8-77). 

LATERAL CALCANEAL BRANCHES. Lateral 
calcaneal branches are the terminal vessels 
of the peroneal artery (Figs. 8-77; 8-81). They 
pass to the lateral aspect of the heel and 
communicate with the anterior lateral 
malleolar branch of the anterior tibial and 
with the lateral malleolar branches of the 
peroneal artery. On the back of the heel, 
they anastomose with the medial calcaneal 
branches of the posterior tibial. 


NUTRIENT ARTERY 


The nutrient artery of the tibia arises from 
the posterior tibial artery near its origin. It 
pierces the tibialis posterior muscle to which 
it gives several muscular branches, and then 
it descends obliquely to enter the nutrient 
canal of the tibia, located just below the 
soleal line. Within the bone, the nutrient ar- 
tery divides into an ascending branch, 
which supplies the superior end of the tibia, 
and a descending branch, which supplies 
the body and inferior end of the bone. It is 
the largest nutrient artery to a bone in the 
body and is accompanied to the bone by a 
branch of the nerve to the popliteus muscle. 


MUSCULAR BRANCHES 


Muscular branches of the posterior tibial 
artery are distributed to the soleus and to the 
deep muscles along the back of the leg. 


MEDIAL MALLEOLAR ARTERY 


The medial malleolar artery is a small 
branch of the posterior tibial artery which 
winds around the tibial malleolus and joins 
in the medial malleolar network (Figs. 8-77; 
8-81). 


COMMUNICATING BRANCH 


A communicating branch arises from the 
posterior tibial artery about 5cm above the 
medial malleolus (Fig. 8-77). It courses trans- 
versely across the posterior aspect of the 
tibia and the interosseous membrane. Deep 
to the flexor hallucis longus muscle, it joins 
the communicating branch of the peroneal 
artery. 


MEDIAL CALCANEAL ARTERIES 


The medial calcaneal arteries are several 
large vessels that arise from the poste- 
rior tibial artery just before it divides into 
the medial and lateral plantar arteries 
(Figs. 8-77; 8-80). Frequently, however, they 
branch from the lateral plantar rather than 
the posterior tibial. They pierce the flexor 
retinaculum and are distributed to the fat 
and skin behind the tendo calcaneus and 
about the heel, also helping to supply the 
muscles on the tibial side of the sole of the 
foot. The medial calcaneal arteries anasto- 
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mose with the medial malleolar branches of 
the posterior tibial, and on the back of the 
heel, with the lateral calcaneal branches of 
the peroneal artery (Fig. 8-81). 


MEDIAL PLANTAR ARTERY 


The medial plantar artery is the smaller of 
the two terminal branches of the posterior 
tibial artery (Figs. 8-82; 8-83). It passes dis- 
tally along the medial aspect of the foot and 
is at first situated deep to the abductor hallu- 
cis, and then between it and the flexor digi- 
torum brevis, both of which it supplies. At 
the base of the first metatarsal bone, and 
much diminished in size, it passes along the 
medial border of the first toe, anastomosing 
with a branch of the first plantar metatarsal 
artery. Small superficial digital branches 
accompany the digital branches of the me- 
dial plantar nerve, and these join the plantar 
metatarsal arteries of the first three spaces 
(Fig. 8-82). 


LATERAL PLANTAR ARTERY 


The lateral plantar artery is much larger 
than the medial plantar. Initially, it passes 
obliquely lateralward to the base of the fifth 
metatarsal bone, and then it curves medially 
to the interval between the bases of the first 
and second metatarsal bones (Figs. 8-82; 8- 
83). There it unites with the deep plantar 
branch of the dorsalis pedis artery, which 
completes the formation of the plantar arch 
(Fig. 8-83). As the lateral plantar artery 
passes laterally, it is first placed between the 
calcaneus and abductor hallucis muscle, and 
then between the flexor digitorum brevis 
and quadratus plantae muscles. As it runs 
distally along the base of the little toe, it lies 
more superficially between the flexor digi- 
torum brevis and abductor digiti minimi, 
and is covered only by the plantar aponeuro- 
sis, superficial fascia, and skin. 

PLANTAR ARCH. The remaining portion of 
the lateral plantar artery is the more deeply 
situated plantar arch (Fig. 8-83). Extending 
from the base of the fifth metatarsal bone, 
the plantar arch penetrates through the lay- 
ers of the sole of the foot to course medially, 
beneath the adductor hallucis. It crosses the 
plantar surface of the bases of the fourth, 
third, and second metatarsal bones and the 
corresponding interosseous muscles. At the 
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proximal part of the first interosseous space, 
the plantar arch is completed by its junction 
with the deep plantar branch of the dorsalis 
pedis artery. Besides distributing numerous 
branches to the muscles, integument, and 
fasciae in the sole, the plantar arch gives rise 
to three perforating and four plantar meta- 
tarsal arteries. 

The three perforating branches of the 
plantar arch penetrate through the proximal 
parts of the second, third, and fourth interos- 
seous spaces, between the heads of the dor- 
sal interosseous muscles, to anastomose with 
the dorsal metatarsal arteries. 

The four plantar metatarsal arteries 
course distally between the metatarsal bones 
and lie in contact with the interosseous mus- 


cle (Figs. 8-82; 8-83). Each vessel divides into 
two plantar digital arteries, which supply 
the adjacent sides of the toes. Near their 
points of division each plantar metatarsal 
artery gives off an anterior perforating 
branch to join the corresponding dorsal met- 
atarsal artery. 

The first plantar metatarsal artery springs 
from the junction between the plantar arch 
and the deep plantar branch of the dorsalis 
pedis artery (Figs. 8-82; 8-83). It sends a digi- 
tal branch to the medial aspect of the large 
toe. The digital branch for the lateral aspect 
of the little toe arises from the lateral plantar 
artery near the base of the fifth metatarsal 
bone, just as the latter vessel curves medi- 
ally to become the plantar arch. 
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The Veins 


The venous system conveys blood from 
the capillaries to the heart. There are two 
distinct sets of veins, the pulmonary and the 
systemic. These serve two different vascular 
circuits: the pulmonary veins return blood to 
the heart from the lungs, and the systemic 
veins return blood to the heart from the rest 
of the body. 

The pulmonary veins return oxygenated 
blood from the capillaries of the lungs to the 
left atrium of the heart. The blood then con- 
tinues through the left ventricle and aorta to 
supply all the body organs. 

The systemic veins belong to the larger 
systemic circulation and convey deoxygen- 
ated blood from all the organs except the 
lungs to the right atrium of the heart. Blood 
from all the systemic veins except those of 
the heart eventually flows through the supe- 
rior and inferior venae cavae to the right 
atrium. The coronary veins flow into the cor- 
onary sinus, which then also opens into the 
right atrium. 

The portal vein is interposed between 
certain abdominal viscera and the liver. Its 
special feature is that it both begins and ends 
in capillaries. The portal vein receives ve- 
nous blood from the capillaries of the diges- 
tive tube, spleen, and pancreas and delivers 
it to the venous capillary-like sinusoids of 
the liver. The blood then makes its way into 
the general systemic venous system through 
the tributaries of the hepatic veins, which 
flow into the inferior vena cava. 
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The veins are the most variable part of the 
cardiovascular system. Variations in venous 
patterns are more frequent in vessels that 
drain the more superficial parts of the body 
than in the deeper coursing veins which 
often accompany the arteries. At times veins 
exist in pairs, one lying on each side of an 
artery. These are called venae comitantes 
and are often seen in the medium-sized ves- 
sels of the arm, forearm, and leg (brachial, 
radial, ulnar, and tibial). The larger arteries 
(axillary, femoral, and popliteal) usually 
have only one accompanying vein. In certain 
organs and body regions, however, the deep 
veins do not accompany arteries; this is true 
of the venous sinuses in the skull and verte- 
bral canal, the hepatic veins, and the large 
veins draining blood from the long bones. 


Development of the Veins 


The development of veins actually com- 
mences when minute plexuses of vessels 
receive blood from the earliest developing 
capillaries. These plexuses give rise to tribu- 
taries that finally unite to form trunks. Pass- 
ing toward the heart, the trunks increase in 
size as they receive other tributaries or as 
they join other veins. 

The further development of the venous 
system in the human embryo will be consid- 
ered by dividing the veins into two groups: 
the parietal veins, which drain the body cav- 
ity, extremities, and head and form the large 
inferior and superior venae cavae, and the 
visceral veins, which drain the yolk sac and 
placenta and join to form the sinus venosus. 


PARIETAL VEINS 


The parietal veins, which drain most of 
the developing embryonic structures, are 
initially represented by four large vessels: 
the two anterior cardinal (or precardinal) 
veins and the two posterior cardinal (or 
postcardinal) veins (Figs. 9-1, A; 9-3). The 
two anterior cardinal veins, one lying on 
each side of the embryo, drain the more cra- 
nial venous tributaries, returning blood from 
the head, and soon become the primitive 
jugular veins. The two posterior cardinal 
veins, also one on each side, drain the caudal 
venous tributaries of the embryo, returning 
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Fic. 9-1. Schematic diagrams showing certain stages in the development of the inferior vena cava between the fourth 
and eighth prenatal weeks and at term, based on the work of McClure and Butler (1925). Anterior and posterior cardinal! 
veins are shown in solid black, supracardinal veins are hatched horizontally. ¢ (in B) = vessels from the upper part of 
the right subcardinal vein and liver that commence forming the hepatic segment of the inferior vena cava; Ob. 
(in E) = oblique vein of the left atrium; * (in F) = left superior intercostal vein. (From Patten, B. M., Human Embryol- 
ogy, 3rd ed., McGraw-Hill, New York, 1968.) 
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blood from the lower body wall, the pelvis, 
the mesonephroi (Wolffian! bodies), and the 
lower limb buds. The anterior and posterior 
cardinal veins on each side join to form a 
symmetrically arranged longitudinally ori- 
ented cardinal system (Fig. 9-1, A). Two short 
transverse veins, the common Cardinal veins 
(ducts of Cuvier“), interconnect the anterior 
and posterior cardinal veins of each side to 
the corresponding horns of the sinus veno- 
sus (Figs. 9-1, B; 9-4, A). 

To this relatively simple pattern are 
added, during the fifth week of development, 
the subcardinal veins. These veins develop 
parallel and ventral to the posterior cardinal 
veins in the ventromedial part of the meso- 
nephric ridges and gradually take over the 
drainage of the mesonephroi from the poste- 
rior cardinal veins (Fig. 9-1, B). During the 
seventh week are added the supracardinal 
veins, which form dorsomedial to the poste- 
rior cardinal veins (Fig. 9-1, D). 

This primitive double (right and left) plan 
of veins then is converted to the single caval 
system, in which blood is returned to the 
heart through the inferior and superior 
venae Cavae. 

INFERIOR VENA cava. The principal 
changes that occur to form the vena caval 
systems in the embryo culminate in the al- 
teration of the bilaterally symmetrical ve- 
nous plan, initiated by the formation of the 
anterior and posterior cardinal veins along 
with the subcardinal veins, into large un- 
paired vessels found on the right side of the 
body (the superior and inferior venae cavae). 
The peripheral channels in the head and 
limbs that flow into these centrally unpaired 
veins still retain much of their symmetry. 

The inferior vena cava, which drains 
blood from the lower trunk, pelvis, and 
lower limbs, gradually develops by replac- 
ing the various cardinal veins or by utilizing 
portions of them. Initially, the subcardinal 
veins begin to replace partially the posterior 
cardinal veins as the drainage channels of 
the mesonephroi. These channels soon form 
many cross connections with the posterior 
cardinal veins on each side (Fig. 9-1, A). As 


‘Kasper F. Wolff (1733-1794): A German embryologist 
and physiologist, who worked in St. Petersburg, Russia. 
*Georges L. Cuvier (1769-1832): A French zoologist and 
natural historian (Paris). 


the mesonephroi grow, they approximate 
medially, and consequently the subcardinal 
veins of the two sides become nearly adja- 
cent. By five and one-half weeks, the two 
subcardinal veins establish an interconnec- 
tion called the intersubcardinal anastomosis 
(Fig. 9-1, B), which then enlarges to form the 
subcardinal sinus. Soon blood begins to flow 
medially into this sinus from the many small 
vessels that had interconnected the posterior 
cardinal and the subcardinal veins. This re- 
sults in a disappearance of the more caudal 
parts of the posterior cardinal veins (Fig. 
9-1, C). 

As the subcardinal sinus forms, the veins 
of the superior pole of the right mesoneph- 
ros, which lie close to the developing liver, 
anastomose with some of the vessels flowing 
through the liver. This anastomosis occurs 
within a fold of mesentery called the caval 
fold (or mesentery), into which have grown 
capillaries from the liver above and some 
capillaries from the right subcardinal veins 
below (Fig. 9-1, B and C). Soon this anasto- 
mosis enlarges within the substance of the 
liver and becomes a principal venous chan- 
nel. It achieves the surface of the liver as the 
hepatic part of the inferior vena cava. The 
right omphalomesenteric vein enlarges to 
form the suprahepatic portion of the inferior 
vena cava, which is the segment between the 
liver and the right atrium. The portion of the 
inferior vena Cava arising above the kidneys, 
which can be called the prerenal part, con- 
sists of the renal segment (subcardinal 
sinus), the hepatic segment, and the suprahe- 
patic segment. 

Below the level of the kidneys, the two 
supracardinal veins participate in the for- 
mation of the postrenal part of the inferior 
vena cava (Fig. 9-1, C and D). These veins 
arise during the seventh week, and they are 
seen initially as a periganglionic plexus of 
veins associated with the developing sympa- 
thetic ganglionic chain. The supracardinal 
veins develop as a pair of longitudinally ori- 
ented vessels that drain the posterior body 
wall dorsal to the posterior cardinal veins. 
Near the level of the middle part of the de- 
veloping mesonephros, the supracardinal 
veins merge with the subcardinal sinus. 

Above the subcardinal sinus, together 
with the persisting proximal part of the right 
postcardinal vein, the supracardinal vein 
forms the azygos system of veins (Fig. 9-1, E 


and F). The proximal part of the left supra- 
cardinal vein, together with some of the up- 
per part of the left postcardinal vein, forms 
the hemiazygos, accessory hemiazygos, and 
the left superior intercostal vein. 

Below the subcardinal sinus, blood from 
the lower limbs is collected by the right and 
left iliac veins, which in the earlier stages of 
development open into the corresponding 
right and left posterior cardinal veins. Later 
a transverse iliac anastomosis, which at this 
stage connects the right and left iliac vein, 
eventually develops into the left common 
iliac vein (Fig. 9-1, C to F). Blood returning 
from the lower extremities increasingly is 
shunted from the lower end of the right post- 
cardinal vein to the right supracardinal vein. 
As the postcardinal vein gradually disap- 
pears, the lower part of the right supra- 
cardinal vein enlarges and forms the post- 
renal part of the inferior vena Cava (Fig. 9-1, 
E and F). 

Above the subcardinal sinus, the left pos- 
terior cardinal-subcardinal vein disappears, 
except the part immediately above the renal 
vein, which is retained as the left suprarenal 
vein. The fate of the left posterior cardinal- 
subcardinal system also accounts for the fact 
that the left gonadal vein (testicular or ovar- 
ian) opens into the left renal vein, while the 
vein on the right side drains into the post- 
renal segment of the inferior vena cava (Fig. 
9-1, E and F). 

SUPERIOR VENA CAVA. The superior vena 
cava develops at the junction of the two 
brachiocephalic veins, which in turn receive 
blood from the head by way of the internal 
and external jugular veins and from the 
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upper limb by means of the subclavian vein. 
The primitive internal jugular veins, which 
drain the cranial end of the embryo on each 
side, initially are simply the anterior cardi- 
nal veins, whereas the external jugular veins 
develop in the region of the mandible by the 
junction of a number of smaller, more super- 
ficial vessels (Fig. 9-1, B to D). 

At four weeks the lower portion of the an- 
terior cardinal vein joins the posterior cardi- 
nal vein to form the common cardinal vein 
(Figs. 9-1, A; 9-2, A). Because the heart as 
well as the common cardinal veins lie far to 
the cranial end of the developing embryo at 
the time that the upper limb buds appear, 
the initial veins that drain the upper limb 
buds flow into the posterior cardinal veins 
(Fig. 9-1, B). As development continues, the 
heart descends relative to the upper limb 


- buds, and soon the limb bud veins (axillary) 


begin to drain into the more caudal part of 
the anterior cardinal vein (internal jugular). 
When this occurs (sixth to seventh weeks), 
the primitive pattern of two brachiocephalic 
veins (right and left superior venae cavae) 
is formed (Figs. 9-1, C; 9-2, B). About this 
same time, an anastomosis forms between 
the two anterior cardinal veins, which re- 
sults in the formation of a transverse con- 
necting vein in front of the trachea as a con- 
fluence of thymic and thyroid veins. This 
anastomosis becomes the left brachioce- 
phalic vein, and it allows blood returning 
from the cranial left side of the embryo to be 
shunted to the right side of the heart, where 
it must enter the right atrium (Figs. 9-1, D; 
9-2, B). The junction of the two brachioce- 
phalic veins eventually forms the superior 
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Fig. 9-2. Diagrams showing the transformation of the cardinal veins into the superior vena cava in human embryos at 
six weeks (A), eight weeks (B), and in the adult (C). H.I. = left superior intercostal vein (highest intercostal); O.V. = 


oblique vein of the left atrium; S = left subclavian vein. 


W. B. Saunders Co., Philadelphia, 1974.) 


(From Arey, L. B., Developmental Anatomy, 7th ed., 
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vena Cava (Fig. 9-1, D to F). The remainder of 
the left anterior cardinal vein, below the left 
brachiocephalic, becomes much smaller, but 
it contributes to the formation of the left 
superior intercostal vein, in conjunction 
with the small remaining cranial end of the 
left posterior cardinal vein. The right ante- 
rior cardinal vein between the azygos vein 
and the union with the left brachiocephalic 
vein becomes the upper part of the adult su- 
perior vena cava. The lower part of the su- 
perior cava, that is, the part between the azy- 
gos vein and the heart, is formed by the 
original right common cardinal vein (duct of 
Cuvier). The left anterior cardinal vein, cau- 
dal to the transverse left brachiocephalic 
vein and left superior intercostal vein, and 
the left common cardinal vein regress. The 
upper part becomes the vestigial fold of 
Marshall! (Figs. 9-1, E and F; 9-2), and the 
proximal part of the left common cardinal 
vein becomes the oblique vein of the left 
atrium (of Marshall). The oblique vein of the 
left atrium drains across the dorsal surface 
of the left atrium to open into the coronary 


‘John Marshall (1818-1891): An English anatomist and 
surgeon (London). 
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sinus, which represents the persistent left 
horn of the sinus venosus. Both the right and 
left superior venae cavae are present in 
some animals, and occasionally are found as 
anomalies in adult human beings. 


VISCERAL VEINS 


The visceral veins are the two vitelline or 
omphalomesenteric veins which bring blood 
to the embryo from the yolk sac, and the two 
umbilical veins which return oxygenated 
fetal blood to the embryo from the placenta. 
These four veins open into the sinus 
venosus. 

VITELLINE VEINS. The paired vitelline 
veins follow the stalk of the yolk sac, and 
thereby enter the body of the embryo. They 
course cranially, at first ventral to and then 
on either side of the developing foregut, 
each on its way to its respective horn of the 
sinus venosus. The vitelline veins unite on 
the ventral aspect of the intestinal canal, and 
more cranially, they are connected to each 
other by two anastomotic branches, one on 
the dorsal and the other on the ventral as- 
pect of the duodenal portion of the intestine, 
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Fig. 9-3. Semischematic diagram showing the basic vascular plan of the human embryo at the end of first month. For 
the sake of simplicity, the paired vessels are shown only on the side toward observer. (From Patten, B. M., Human 


Embryology, 3rd ed., McGraw-Hill, New York, 1968.) 
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Fic. 9-4. Diagrams showing steps in the development of the hepatic-portal circulation from the omphalomesenteric 
veins, and the changes by which blood returning in the umbilical veins from the placenta is rerouted through the liver. 
A, fourth week; B, fifth week; C, sixth week; D, seventh week and older. The asterisk in C indicates the hepatic part of 
the inferior vena cava. (From Patten, B. M., Human Embryology, 3rd ed., McGraw-Hill, New York, 1968.) 


which is thus encircled by two venous rings 
(Fig. 9-4, B). Into the middle or dorsal anasto- 
mosis opens the superior mesenteric vein, 
which arises in the dorsal mesentery of the 
intestine. Within the septum transversum, 
the portions of the veins above the upper 
ring are interrupted by the developing liver 
and are broken up by it into a plexus of 
small capillary-like vessels termed sinu- 
soids. The vessels conveying blood to this 
plexus become the tributaries of the pertal 


vein, while the vessels draining the plexus 
from the liver into the sinus venosus form 
the future hepatic veins (Figs. 9-4, C and D; 
9-5). Ultimately the left vitelline (hepatic) 
veins no longer communicate directly with 
the sinus venosus, but open into the devel- 
oping right hepatic veins. The persistent part 
of the upper venous ring, above the opening 
of the superior mesenteric vein, forms the 
trunk of the portal vein. 

UMBILICAL VEINS. The two umbilical veins 
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Fig. 9-5. Human embryo with heart and anterior body wall removed to show the sinus venosus and its tributaries. 
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return oxygenated blood to the embryo from 
the placenta. They form a single trunk in the 
body stalk, but remain separate within the 
embryo and pass forward to the sinus veno- 
sus in the side walls of the embryonic body 
(Fig. 9-4, B). Like the vitelline veins, their di- 
rect connection with the sinus venosus be- 
comes interrupted by the developing liver, 
and thus at this stage (6 mm, fifth week), all 
the blood from the yolk sac and placenta 
passes through the substance of the liver 
before reaching the heart. During the sixth 
week, the two umbilical veins commence to 
fuse in the umbilical cord, and the left um- 
bilical channel becomes the principal course 
for the returning blood (Figs. 9-4, C; 9-5). In 
the embryo the right umbilical and right vi- 
telline veins shrivel and disappear, while the 
left umbilical vein enlarges and opens into 
the upper venous ring of the vitelline veins. 
When the yolk sac atrophies, the left vitel- 
line vein also undergoes atrophy and disap- 
pears (Fig. 9-5). Finally, a direct branch is 
established between this ring and the right 


hepatie vein. This branch enlarges rapidly 
into a wide channel named the ductus veno- 
sus (Fig. 9-4, C and D). Through the ductus 
venosus most of the blood is returned from 
the placenta and carried directly to the heart 
without passing through the liver. The left 
umbilical vein and the ductus venosus un- 
dergo atrophy and obliteration after birth, 
and form respectively the ligamentum teres 
and ligamentum venosum of the liver. 


The Pulmonary Veins 


The pulmonary veins, two from each lung, 
return oxygenated blood to the left atrium of 
the heart (Fig. 9-6). The capillary networks in 
the walls of the air sacs join together to form 
one vessel for each lobule. These vessels 
unite successively to form a single trunk for 
each lobe, three for the right and two for the 
left lung. The vein from the middle lobe of 
the right lung usually unites with that from 
the superior lobe so that ultimately two 
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Fig. 9-6. Diagrammatic representation of the branches of the superior and inferior pulmonary veins on each side of 
the body. (Redrawn after Nomina Anatomica, 1968, Excerpta Medica Foundation.) 


trunks are formed from each lung. Near the 
heart, the four pulmonary veins perforate 
the fibrous layer of the pericardium and 
open separately into the superior part of the 
left atrium (Fig. 9-7). Thé three veins from 
the right lung may remain separate, and at 
times the two left veins join and enter the 
heart by a common opening. 

At the roots of the lungs, the superior pul- 
monary veins lie anterior and a little inferior 
to the pulmonary arteries. The inferior veins 
are situated in the most caudal part of the 
hilum on a plane posterior to the superior 
veins. The pulmonary veins are about 1.5 cm 
in length, and on the right side they pass 
behind the right atrium and superior vena 
cava to reach the left atrium. The left pulmo- 
nary veins course anterior to the descending 
thoracic aorta on their way to the heart. 

Within the lung the ramifications of the 
veins do not always accompany the bronchi 
and arteries in the central regions of the 
bronchopulmonary segments. More superfi- 
cially near the pleura, they are found bhe- 
tween bronchopulmonary segments, or more 
deeply, they are found intrasegmentally. The 


branchings of both the larger and the smaller 
tributaries are quite variable. A list of the 
bronchopulmonary segments is found in 
Chapter 15. 


RiGHT SUPERIOR PULMONARY VEIN 


The right superior pulmonary vein has 
three tributaries for the superior lobe and 
one for the middle lobe (Fig. 9-6). 

APICAL SEGMENTAL veIn. The apical seg- 
mental vein lies near the mediastinal pleura. 
It has an intrasegmental tributary draining 
the apex and an infrasegmental tributary 
separating the apical from the anterior seg- 
ments. 

POSTERIOR SEGMENTAL VEIN. The posterior 
segmental vein is the largest vein of the su- 
perior lobe and has both intralobar and 
infralobar parts. The intralobar part has an 
apical, a posterior, and an intersegmental 
tributary, which is a prominent vein of the 
posterior surface. The infralobar part lies 
near the pleura between the superior and 
middle lobes. 
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ANTERIOR SEGMENTAL VEIN. The anterior 
segmental vein has two tributaries, intraseg- 
mental and infrasegmental. These accom- 
pany the two branches of the anterior seg- 
mental bronchus of the right superior lobe. 

RIGHT MIDDLE LOBE VEIN. ‘The right middle 
lobe vein is usually a single tributary of the 
right superior pulmonary vein, but its two 
segmental veins may remain separate. The 
lateral segmental vein splits into a tributary 
for the lateral segment and a tributary sepa- 
rating the segments. The medial segmental 
vein lies near the mediastinal surface and 
has two tributaries, one subpleural and one 
intrasegmental. 


RIGHT INFERIOR PULMONARY VEIN 


The right inferior pulmonary vein occu- 
pies the most inferior part of the hilum of the 
right lung, and has two main tributaries, a 
superior (or apical) segmental vein and a 
common basal vein (Fig. 9-6). 

SUPERIOR (OR APICAL) SEGMENTAL VEIN. 
The superior segmental vein begins near the 
medial side of the middle lobe bronchus and 
is formed by two or three tributaries with 
intrasegmental and infrasegmental tribu- 
taries. 

COMMON BASAL veIN. The common basal 
vein is a large short trunk that drains the 
four basal segments of the lower lobe of the 
right lung. It has two principal tributaries, a 
superior basal and an inferior basal. The su- 
perior basal tributary lies deep to the sur- 
face of the inferior lobe and drains both its 
anterior basal and lateral basal bronchopul- 
monary segments by intrasegmental and 
infrasegmental tributaries. The inferior 
basal tributary drains the posterior basal 
and lateral basal bronchopulmonary seg- 
ments. The medial basal bronchopulmonary 
segment is drained by several tributaries 
that open into both the superior basal and 
inferior basal veins. 


LEFT SUPERIOR PULMONARY VEIN 


The left superior pulmonary vein drains 
blood from the two bronchopulmonary seg- 
ments of the superior lobe, as well as from 
the two segments of the lingula of the supe- 
rior lobe. It is formed by a confluence of the 


apicoposterior segmental vein, the anterior 
segmental vein, and the lingular division 
vein. The latter vein is formed by the junc- 
tion of the superior and inferior lingular 
veins (Fig. 9-6). 

APICOPOSTERIOR SEGMENTAL VEIN. The 
apicoposterior segmental vein is formed by 
the junction of an intrasegmental tributary 
and an infrasegmental tributary. 

ANTERIOR SEGMENTAL VEIN. ‘The anterior 
segmental vein drains the anterior segment 
of the left superior lobe, and is formed by 
intrasegmental and infrasegmental tribu- 
taries. 

LINGULAR DIVISION veIN. The lingular di- 
vision vein drains the superior lingular and 
inferior lingular segments. The superior 
lingular vein has posterior and anterior in- 
tersegmental tributaries. The tributaries of 
the inferior lingular vein are superior and 
inferior. The latter drains into the inferior 
pulmonary vein in some instances. 


LEFT INFERIOR PULMONARY VEIN 


The left inferior pulmonary vein receives 
a smaller apical superior segmental vein 
and a larger common basal segmental vein 
(Fig. 9-6). 

APICAL SUPERIOR SEGMENTAL VEIN. ‘The 
apical superior segmental vein lies on the 
medial side of the superior lobe bronchus 
and is itself formed by a central intraseg- 
mental and two intersegmental tributaries, 
the latter separating the segment from its 
neighbors. 

COMMON BASAL VEIN. The common basal 
vein receives the superior basal vein, which 
largely drains the anterior basal segment by 
intrasegmental and infrasegmental tributar- 
ies, and the inferior basal vein, which drains 
the posterior basal and lateral basal seg- 
ments by intrasegmental and_ infraseg- 
mental tributaries. The medial basal bron- 
chopulmonary segment is drained by two 
venous Channels, one intrasegmental and the 
other intersegmental; the latter separates the 
medial basal segment from the posterior 
basal segment. One or both of these veins 
drains into the common basal vein. 

The anterior basal vein, which drains into 
the superior basal division of the common 
basal vein, has an intrasegmental and an 
infrasegmental tributary; the latter usually 


lies deep to the pulmonary ligament and sep- 
arates the medial basal from the lateral basal 
bronchopulmonary segments. The lateral 
basal vein, which drains into the inferior 
basal division of the common basal vein, is 
primarily an intersegmental vessel in the 
depth of the lobe between the lateral basal 
and posterior basal bronchi, but it also has 
an intrasegmental tributary. The posterior 
basal vein, which also drains into the infe- 
rior basal division of the common basal vein, 
is intrasegmental; it lies in the hollow be- 
tween the branches of the posterior basal 
segmental bronchus and drains these regions 
by two tributaries. 


The Systemic Veins 


The veins commence as minute plexuses 
that receive blood from the capillaries. The 
tributaries arising from these plexuses unite 
into trunks, and these, in their passage to- 
ward the heart, constantly increase in size as 
they receive tributaries or join other veins. 
The veins are larger in caliber and more 
numerous than the arteries, giving the ve- 
nous system a larger capacity than that of 
the arterial system. The capacity of the pul- 
monary veins, however, only slightly ex- 
ceeds that of the pulmonary arteries. The 
veins, when full, are cylindrical like the ar- 
teries, but their walls are thin and they col- 
lapse when empty. In the cadaver, they may 
be interrupted at intervals by nodular en- 
largements that indicate the existence of 
valves in their interior. 

Veins anastomose freely, especially in cer- 
tain regions of the body. These communica- 
tions exist between large trunks as well as 
between smaller branches. Between the ve- 
nous sinuses of the cranium, and between 
the veins of the neck, where obstruction 
would bring imminent danger to the cere- 
bral venous system, large and frequent anas- 
tomoses are found. The same free communi- 
cation exists between the veins throughout 
the entire extent of the vertebral canal, and 
between the veins composing the various 
venous plexuses in the abdomen and pelvis. 
Three types of venous channels can be iden- 
tified according to their location in the body: 
superficial veins, deep veins, and venous si- 
nuses. 


SUPERFICIAL VEINS. The superficial veins 


Fas 


THE SYSTEMIC VEINS 


are found within the substance of the super- 
ficial fascia immediately beneath the skin. 
They drain the capillary networks near the 
surface of the body and return this blood to 
deeper veins by perforating the deep fascia. 
Some of the larger superficial veins include 
the facial vein, which drains the superficial 
structures of the face, the cephalic and 
basilic veins of the upper extremity, the 
thoracoepigastric vein of the anterior trunk, 
and the great and small saphenous veins of 
the lower extremity. 

DEEP VEINS. The deep veins generally ac- 
company the deeper coursing arteries and 
usually are enclosed in the same sheaths as 
the vessels. The larger arteries, such as the 
axillary, subclavian, popliteal, and femoral, 
usually have only one accompanying vein. 
In the case of the smaller arteries, such as 
the radial, ulnar, brachial, tibial, and pero- 
neal, the veins exist generally in pairs, one 
lying on each side of the vessel, and are 
called venae comites or venae comitantes. In 
certain organs of the body, however, the 
deep veins do not accompany the arteries. | 
Examples of these are the veins in the skull 
and vertebral canal, the hepatic veins in the 
liver, and the larger veins that return blood 
from the bones. 

VENOUS SINUSES. Throughout the body 
are veins to which the term sinus has been 
given. At times a sinus is a vessel that does 
not have the same layers in its walls as other 
veins, but this definition cannot be applied 
consistently. Within the cranial cavity of the 
skull are found venous sinuses that consist 
of canals formed by a separation of the two 
layers of the dura mater. Their outer coat 
consists of fibrous tissue, their inner of an 
endothelial layer continuous with the lining 
of the veins. The coronary sinus is the vessel 
into which drain the veins of the heart. 
Small venous capillary channels in the liver 
are called venous sinusoids. The sinus veno- 
sus is a venous channel found in the embry- 
onic heart. 

The systemic veins may be arranged in 
four groups: (1) the cardiac veins or veins of 
the heart; (2) the superior vena cava and its 
tributaries, which include the veins of the 
head, neck, upper limbs, and thorax; (3) the 
inferior vena cava and its tributaries, which 
include the veins of the lower limbs, some 
veins of the abdomen, and the veins of the 
pelvis; and (4) the portal system of veins. 
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Veins of the Heart 


The veins of the heart, or the cardiac 
veins, with the exception of certain small 
vessels that open directly into the chambers, 
are tributaries of the coronary sinus. 


CORONARY SINUS 


The coronary sinus is a wide venous chan- 
nel, about 2.25 cm in length, situated in the 
posterior part of the coronary sulcus of the 
heart, and usually covered by muscular fi- 
bers from the left atrium (Fig. 9-7). It ends in 
the right atrium, between the opening of the 
inferior vena cava and the atrioventricular 
aperture; its orifice is guarded by a single 
semilunar valve, the valve of the coronary 
sinus (valve of Thebesius'). This valve does 
not appear to have any functional signifi- 
cance in the adult heart. 

Most of the venous blood returning from 
heart tissue courses in veins that open into 


‘Adam C. Thebesius (1686-1732): A German physician 
and anatomist. 
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the coronary sinus. These tributaries in- 
clude the: 


Great cardiac vein 

Small cardiac vein 

Middle cardiac vein 

Posterior vein of the left ventricle 
Oblique vein of the left atrium 


ach of these veins, except the last, is pro- 
vided with a valve at its orifice. 

GREAT CARDIAC vEIN. The great cardiac 
vein begins at the apex of the heart and as- 
cends along the anterior interventricular sul- 
cus to the base of the ventricles (Figs. 8-16; 
8-18). It then curves to the left in the coro- 
nary sulcus, and reaching the back of the 
heart, opens into the left extremity of the 
coronary sinus (Fig. 9-7). It receives tributar- 
ies from the left atrium and from both ven- 
tricles. One of these, the left marginal vein, is 
of considerable size and ascends along the 
left margin of the heart (Fig. 9-7). 

SMALL CARDIAC VEIN. The small cardiac 
vein courses in the coronary sulcus between 
the right atrium and ventricle. It flows into 
the right extremity of the coronary sinus, 
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near the site where the coronary sinus termi- 
nates in the right atrium (Fig. 9-7). The small 
cardiac vein receives blood from the back of 
the right atrium and ventricle. The right 
marginal vein, which ascends from near the 
apex and along the right margin of the heart, 
joins the small cardiac vein in the coronary 
sulcus, or opens directly into the right 
atrium. 

MIDDLE CARDIAC VEIN. The middle cardiac 
vein commences at the apex of the heart, 
ascends in the posterior interventricular sul- 
cus, receives tributaries from both ventri- 
cles, and ends in the coronary sinus near its 
right extremity (Fig. 9-7). 

POSTERIOR VEIN OF THE LEFT VENTRICLE. 
Ascending along the diaphragmatic surface 
of the left ventricle, the posterior vein of the 
left ventricle accompanies the circumflex 
branch of the left coronary artery. Usually it 
opens into the coronary sinus to the left of 
the middle cardiac vein, but it may course 
farther to the left and open into the great 
cardiac vein (Fig. 9-7). 

OBLIQUE VEIN OF THE LEFT ATRIUM. The 
oblique vein of the left atrium is a small ves- 
sel that descends obliquely on the back of 
the left atrium and ends in the coronary 
sinus near its left extremity (Fig. 9-7). It is 
continuous superiorly with the ligament of 
the left vena cava, and the two structures 
form the remnant of the left common cardi- 
nal vein. 

Several cardiac veins do not end in the 
coronary sinus, but are directed into the 
chambers of the heart. These are the: 


Anterior cardiac veins 
Smallest cardiac veins 


ANTERIOR CARDIAC VEINS 


The anterior cardiac veins consist of three 
or four small vessels that collect blood from 
the ventral aspect of the right ventricle and 
open into the right atrium. The right mar- 
ginal vein frequently opens into the right 
atrium, and is therefore sometimes regarded 
as belonging to this group. 


SMALLEST CARDIAC VEINS 
These vessels (also called the venae cordis 


minimi) consist of a number of minute veins 
that arise in the muscular wall of the heart. 
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SUPERIOR VENA CAVA AND ITS TRIBUTARIES 


Most of them open into the atria, but a few 
end in the ventricles. 


Superior Vena Cava 
and its Tributaries 


Draining into the superior vena cava are 
venous tributaries that collect blood from 
the head, neck, upper extremity, the thorax 
(including the thoracic wall), and even from 
much of the abdominal wall. 


SUPERIOR VENA CAVA 


The superior vena cava drains venous 
blood from the superior half of the body 
(Fig. 9-8). Its caliber of about 2 cm in diame- 
ter is second in size in the human body only 
to the inferior vena cava, which is slightly 
larger. The superior vena cava measures 
about 7 cm in length and is formed by the 
junction of the two brachiocephalic veins at 
the level of the first intercostal space, close 
behind the sternum on the right side. From 
this junction the superior vena cava trans- 
ports blood inferiorly, lying deep to the sec- 
ond rib cartilage and intercostal space at the 
right border of the sternum, and empties into 
the upper part of the right atrium at the level 
of the third right costal cartilage. As it de- 
scends, the superior vena cava curves gently 
with its convexity to the right. The part of 
the vessel nearer the heart, amounting to 
about half its length, lies within the pericar- 
dial sac and it is covered by the serous peri- 
cardium. 


RELATIONS OF THE SUPERIOR VENA CAVA. Ante- 
rior to the superior vena cava are the anterior mar- 
gins of the right lung and pleura, with the pericar- 
dium intervening below. These separate it from the 
first and second intercostal spaces and from the sec- 
ond and third right costal cartilages. Posterior to it 
are the root of the right lung and the right vagus 
nerve. On the right side of the superior vena Cava are 
the phrenic nerve and right pleura, and on its left 
side, is the commencement of the brachiocephalic 
artery and the ascending aorta, the latter overlap- 
ping the large vein. Just before piercing the pericar- 
dium, the superior vena cava receives the azygos 
vein and several small veins from the pericardium 
and other structures in the mediastinum. The supe- 
rior vena cava has no valves. 

VARIATIONS IN THE SUPERIOR VENA CAVA. At 
times the brachtocephalic veins open separately into 
the right atrium. In these cases the right brachioce- 
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Fig. 9-8. The large veins of the body. Note that the portal system of veins in the abdomen is represented in black. 
(From Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, Urban and Schwarzenberg, 1975.) 


phalic vein follows the normal course of the superior 
vena cava, while the left vein, called the left supe- 
rior vena cava, passes ventral to the root of the left 
lung, and turning to the dorsum of the heart, ends in 
the right atrium. This occasional condition in the 
adult is due to the persistence of the early fetal con- 
dition (see Fig. 9-1, C and D), but is normal in adult 
birds and some mammals. In some instances of per- 
sistent left superior vena cava, a small branch may 
interconnect the two large veins. 


TRIBUTARIES OF THE SUPERIOR VENA CAVA. 
The two brachiocephalic veins join to form 


the superior vena cava (Fig. 9-8). Addition- 
ally, the superior vena cava receives the aZy- 
gos vein and several small veins from the 
mediastinum and pericardium. Further dis- 
cussion of the tributaries of the superior 
vena cava relates to its regional drainage. 
Thus, the following sections are described 
sequentially: 


Veins of the head and neck 
Veins of the upper limb 
Veins of the thorax 


VEINS OF THE HEAD AND NECK 


The veins of the head and neck may be 
divided into the following groups: 


Veins of the face 
Superficial veins of the face 
Deep veins of the face 

Veins of the cranium 
Veins of the brain 
Sinuses of the dura mater 
Diploic veins 
Emissary veins 

Veins of the neck 
External jugular vein 
Internal jugular vein 
Vertebral vein 


Occipital vein 
Anterior auricular vein 
Transverse facial vein 
Posterior auricular vein 
Maxillary vein 
Retromandibular vein 


Sternocleidomastoid muscle 
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Superficial Veins 
of the Face 


Facial 

Superficial temporal 
Posterior auricular 
Occipital 
Retromandibular 


These veins are tributaries of the internal 
and external jugular veins. 


FACIAL VEIN 


The facial vein drains blood from the su- 
perficial structures of the face (Figs. 9-9 and 
9-10). Its first part, named the angular vein, 
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Fig. 9-9. The superficial veins of the head and neck. 
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begins at the medial angle of the eye by a 
union of the supratrochlear and supraorbital 
veins. If accompanies the facial artery along 
the lateral border of the nose, but has a less 
tortuous course. Descending on the face, 
deep to the zygomaticus major and minor 
muscles, the facial vein follows the border of 
the masseter muscle to the inferior border of 
the body of the mandible. It then curves 
around this bone to enter the neck. In the 
neck, the facial vein communicates with the 
anterior jugular vein and with the external 
jugular before emptying into the internal 
jugular at about the level of the hyoid bone. 
Formerly, the communication with the ex- 
ternal jugular was named the posterior fa- 
cial and the segment emptying into the inter- 
nal jugular was named the common facial 
vein. The facial vein anastomoses with the 
cavernous sinus by way of the angular, su- 
praorbital, and superior ophthalmic veins 
(Fig. 9-10), and also by way of its tributary, 
the deep facial vein, to the pterygoid plexus 
and inferior ophthalmic vein. 


CLINICAL CORRELATION. The facial vein has no 
vaives. In cases of infections about the nose and 
mouth, the blood in the vein may become throm- 
bosed. An infected thrombus can progress against 
the flow of blood, finally reaching the cavernous 
sinus through its anastomoses and causing menin- 
gitis. 


ANGULAR VEIN. The angular vein, formed 
by the junction of the supratrochlear and 
supraorbital veins at the root of the nose, 
becomes the facial vein near the level of the 
zygomaticus major muscle (Fig. 9-9). During 
its course the angular vein receives the fol- 
lowing tributaries: 


superior palpebral vein, which arises in 
the upper eyelid and opens into the lateral 
aspect of the angular vein; 

inferior palpebral vein, which arises in the 
lower eyelid and passes downward and 
medially to open into the angular vein; and 

external nasal veins, which course up- 
ward and laterally from the alae of the nose 
and open into the angular vein (Fig. 9-9). 


SUPRATROCHLEAR VEIN. Thesupratrochlear 
vein commences from a venous plexus on 
the forehead and scalp that communicates 
with the frontal tributaries of the superficial 
temporal vein (Fig. 9-9). It lies near the vein 
of the opposite side in its course to the root 
of the nose. At this site, the two supra- 


trochlear veins communicate by means of a 
transverse nasal arch before each joins the 
supraorbital vein of that side. Occasionally 
the two supratrochlear veins join on the 
upper forehead to form a prominent single 
vein that bifurcates at the root of the nose 
and joins the two angular veins. 

SUPRAORBITAL VEIN. The supraorbital vein 
also begins by anastomosing with a frontal 
tributary of the superficial temporal vein 
(Fig. 9-9). It lies superficial to the frontal 
belly of the occipitofrontalis muscle, which 
it drains, and joins the supratrochlear vein at 
the medial angle of the orbit. As it passes 
over the supraorbital notch in the frontal] 
bone, the supraorbital vein forms an anasto- 
mosis with the superior ophthalmic vein, 
and it also receives the frontal diploic vein, 
which perforates a foramen at the bottom of 
the notch. 

DEEP FACIAL VEIN. The deep facial vein 
empties into the facial vein where the zygo- 
maticus major muscle crosses the anterior 
border of the masseter muscle (Figs. 9-9; 9-10). 
It begins as a large anastomosis with the 
pterygoid plexus (Fig. 9-10), and receives 
small tributaries from the buccinator, zygo- 
maticus major, and masseter muscles, as 
well as from other neighboring structures. 

Other tributaries of the facial vein as it 
courses across the face are: 


superior labial vein, which is formed from 
a venous plexus on the upper lip and drains 
laterally and superiorly to join the facial 
vein (Fig. 9-9); 

inferior labial vein, which is formed along 
the lower lip and drains laterally to the fa- 
cial vein (Fig. 9-9): 

parotid veins, which are small vessels that 
drain the parotid and masseteric regions and 
course medially to join the facial vein: 

external palatine vein, which drains the 
soft palate near the superior pole of the ton- 
sil. It courses downward and forward in the 
tonsillar bed, penetrates the superior con- 
strictor muscle, and joins the facial vein just 
below the body of the mandible. 

In the neck, the facial vein receives the: 


submental vein, which courses posteriorly 
along the mylohyoid muscle to join the fa- 
cial vein below the body of the mandible 
(Fig. 9-9); and 

submandibular vein, which drains the 
submandibular gland and courses laterally 
to join the facial vein. 


SUPERFICIAL TEMPORAL VEIN 


The superficial temporal vein begins from 
a broad plexus of veins on the vertex and 
side of the head, where it anastomoses with 
the supratrochlear, supraorbital, posterior 
auricular, and occipital veins (Fig. 9-9). Over 
the crown of the skull, it anastomoses with 
the superficial temporal vein of the other 
side. Anterior and posterior tributaries unite 
in front of the ear to form the trunk of the 
superficial temporal vein, which then 
crosses the posterior root of the zygomatic 
arch and enters the substance of the parotid 
gland. Here it unites with the maxillary vein 
to form the retromandibular vein. 

TRIBUTARIES OF THE SUPERFICIAL TEMPORAL 
veIN. The superficial temporal vein re- 
ceives the following tributaries: 


middle temporal vein, which receives 
smaller vessels in the lateral orbital region, 
courses deep to the temporal fascia, and 
joins the superficial temporal vein just 
above the zygomatic arch (Fig. 9-9); 

transverse facial vein, which courses lat- 
erally across the face superficial to the mas- 
seter muscle and joins the superficial tempo- 
ral vein at about the level of the ear lobe 
(Fig. 9-9); and 

anterior auricular vein, which returns 
blood from the external ear and joins the 
superficial temporal vein from behind (Fig. 
9-9). 


POSTERIOR AURICULAR VEIN 


The posterior auricular vein begins on the 
side of the head from a venous plexus that 
includes anastomoses with the occipital and 
superficial temporal veins (Fig. 9-9). It de- 
scends behind the external ear and joins the 
retromandibular vein within or below the 
parotid gland to form the external jugular 
vein. The posterior auricular vein receives 
tributaries from the back of the ear and the 
stylomastoid vein. 


OCCIPITAL VEIN 


The occipital vein begins in a plexus on 
the posterior part of the scalp, where it anas- 
tomoses with posterior auricular and super- 
ficial temporal venous tributaries (Fig. 9-9). 
From this plexus the occipital vein becomes 
a single vessel that courses with the occipital 
artery and greater occipital nerve, and with 
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them pierces the cranial attachment of the 
trapezius muscle. It enters the suboccipital 
triangle, and forming a plexus, joins the 
deep cervical and vertebral veins. The parie- 
tal emissary vein connects it with the supe- 
rior sagittal sinus, the mastoid emissary vein 
connects it with the transverse sinus, and 
through the occipital diploic vein it is con- 
nected with the confluens sinuum. Occa- 
sionally the occipital vein follows the occip- 
ital artery as far as the carotid sheath and 
empties into the internal jugular, or it may 
join the posterior auricular vein and drain 
into the external jugular vein. 


RETROMANDIBULAR VEIN 


The retromandibular vein is formed from 
the junction of the superficial temporal and 
maxillary veins (Figs. 9-9; 9-10). It courses 
through the substance of the parotid gland 
between the ramus of the mandible and the 
upper part of the anterior border of the 
sternocleidomastoid muscle. The retro- 
mandibular vein lies superficial to the exter- 
nal carotid artery, but deep to the facial 
nerve. The retromandibular vein has a large 
communicating branch with the facial vein 
that was formerly called the posterior facial 
vein, and the common trunk from these two 
veins was Called the common facial vein 
(Fig. 9-10). It receives small tributaries from 
the parotid gland and the masseter muscle, 
and joins the posterior auricular vein to 
form the beginning of the external jugular 
vein. 


Deep Veins of the Face 


Maxillary 
Pterygoid plexus 


These veins are tributaries of the internal 
and external jugular veins. 


MAXILLARY VEIN 


The maxillary vein is a short trunk that 
accompanies the first part of the maxillary 
artery; it passes backward between the neck 
of the mandible and the sphenomandibular 
ligament. It is formed by a confluence of the 
veins in the pterygoid plexus and ends by 
joining the superficial temporal vein to form 
the retromandibular vein (Fig. 9-10). 
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PTERYGOID PLEXUS 


The pterygoid plexus is an extensive net- 
work of veins situated between the tempo- 
ralis and lateral pterygoid muscles and be- 
tween the two pterygoid muscles, and it 
extends outward between surrounding 
structures in the infratemporal fossa (Fig. 
9-10). It receives tributaries that correspond 
to branches of the maxillary artery. These 
include the: 


inferior alveolar vein, which drains the 
lower jaw and lower teeth; 

middle meningeal vein, which drains the 
dura mater located within the cranial cavity; 

deep temporal veins, through which the 
pterygoid plexus anastomoses with the tem- 
poral plexus; 

masseteric vein, which drains the mas- 
seter muscle: 
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buccal vein, which drains the buccinator 
muscle; 

posterior superior alveolar veins, which 
drain the upper posterior teeth and gums: 

pharyngeal veins, which drain the supe- 
rior pharyngeal constrictor and the upper 
pharynx; 

descending palatine vein, which drains 
the palate; 

infraorbital vein, which assists in the 
drainage of the inferior structures of the 
orbit and the infraorbital region of the face: 

vein of the pterygoid canal, which links 
the pterygopalatine fossa with the cranial 
cavity; and 

sphenopalatine vein, which helps to drain 
the nasal cavity and nasal septum. 


The sphenopalatine vein, accompanying 
the artery, drains the veins of the nasal sep- 







Junction of supraorbital 
_7” and supratrochlear veins 









enten—dien dt) 


i Deep facial 
vein 





~™ Facial vein 





ia 








an 
‘ 
\ 
\ 


8 
Submental vein 


nN 
are 5 : 
(Common facial vein) 


Fic. 9-10. Principal veins of face and orbit. Two labels in parentheses utilize old terminology for which new terms 
were not included in the Nomina Anatomica. (From Eycleshymer and Jones.) 


tum and the extensive plexuses of the erec- 
tile tissue in the mucous membrane of the 
nasal conchae. Its tributaries anastomose 
with the inferior ophthalmic and ethmoidal 
veins and may communicate through the 
cribriform plate and foramen cecum of the 
ethmoid bone with the superior sagittal 
sinus. 

The pterygoid plexus communicates with 
the cavernous sinus through the foramen of 
Vesalius, the rete foraminae ovalis, emissary 
veins of the foramen lacerum, and inferior 
ophthalmic vein. It communicates with the 
facial vein through the deep facial and angu- 
lar veins. 


Veins of the Brain 


The veins of the brain are tributaries of 
the venous sinuses that flow into the inter- 
nal jugular veins. They possess no valves, 
and their walls, due to the absence of mus- 
cular tissue, are extremely thin. As they 
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leave the brain, they pierce the arachnoid 
membrane and the inner or meningeal layer 
of the dura mater, and open into the cranial 
venous sinuses. The veins of the brain do not 
accompany the arteries. They may be subdi- 
vided into the: 


Cerebral veins 
Cerebellar veins 
Veins of the brainstem 


CEREBRAL VEINS 


The cerebral veins include both external 
veins, which drain the outer surfaces of the 
brain and empty into the venous sinuses, 
and the internal veins, which drain the inner 
parts of the cerebral hemispheres and empty 
into the great cerebral vein (of Galen’). The 
external veins are the superior, superficial 
middle, and inferior cerebral veins. 


' Claudius Galen (120-210 a.p.): A Greek physician, phys- 
iologist, and anatomist who practiced in Rome. 
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Fic. 9-11. The superficial cerebral veins as seen from the right side of the brain. (From Crosby, E. C., Humphrey, T. 
and Lauer, E. W., Correlative Anatomy of the Nervous System, Macmillan Publishing Co., Inc., New York, 1962.) 
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Superior Cerebral Veins 


The superior cerebral veins, 10 to 16 in 
number, drain the superolateral and medial 
surfaces of the hemispheres (Fig. 9-11). Most 
are lodged in the sulci of the cerebral cortex, 
but some run across the gyri. All of the supe- 
rior cerebral veins open into the superior 
sagittal sinus after a course of one or more 
centimeters in the dural wall. The anterior 
veins course nearly at right angles to the 
sinus, while the posterior and larger veins 
are directed more obliquely forward and 
open into the sinus in a direction opposed to 
the current of the blood contained within it 
(this may be of little functional significance). 


Superficial Middle Cerebral Vein 


The superficial middle cerebral vein be- 
gins on the lateral surface of the hemisphere 
and usually ends in the cavernous sinus (Fig. 
9-11). It drains most of the lateral surface of 
the cerebral cortex, and courses in the lat- 
eral (Sylvian) sulcus. Although there may 
be multiple veins of smaller diameter within 
the sulcus, the superficial middle cerebral 
vein anastomoses both superiorly toward 
the midline and inferolaterally over the tem- 
poral lobe. It is connected above with the 
superior sagittal sinus by way of the supe- 
rior anastomotic vein (of Trolard'), which 
then becomes one of the superior cerebral 
veins that open into the sinus. Inferolaterally, 
the superficial middle cerebral vein is joined 
to the transverse sinus by the inferior anas- 
tomotic vein (of Labbé*). Thus, the superfi- 
cial middle cerebral vein is directly con- 
nected with the cavernous, superior sagittal, 
and tranverse venous sinuses of the skull. 


inferior Cerebral Veins 


The inferior cerebral veins are small and 
drain the inferior surfaces of the hemi- 
spheres (Fig. 9-11). Those on the orbital sur- 
face of the frontal lobe join the superior cer- 
ebral veins, and through these open into the 
superior sagittal sinus. Others, which drain 
the temporal lobe, anastomose with the mid- 
dle cerebral and basal veins, and join the 


'Paulin Trolard (1842-1910): A French anatomist. 
*Leon Labbé (1832-1916): A French surgeon (Paris). 


cavernous, sphenoparietal, superior petro- 
sal, and transverse sinuses. 

Located more deeply in the brain and 
draining the internal structures of the cere- 
bral hemispheres are the great cerebral vein 
and its principal tributaries, the internal cer- 
ebral veins, and the basal vein. 


Great Cerebral Vein 


The great cerebral vein is formed by the 
union of the two internal cerebral veins 
(Figs. 9-12; 9-13). It is a short (about 2 cm) 
median trunk into which flow the veins that 
drain the deep. medially oriented structures 
of the basal ganglia, thalamus, hypothala- 
mus, and midbrain. It curves posteriorly and 
upward around the splenium of the corpus 
callosum, and ends by joining the inferior 
sagittal sinus at the anterior extremity of the 
straight sinus. 

INTERNAL CEREBRAL VEINS. The two inter- 
nal cerebral veins drain the deep parts of the 
hemisphere (Figs. 9-12; 9-13). Each is formed 
near the interventricular foramen by the 
union of the thalamostriate and choroid 
veins. The internal cerebral veins run back- 
ward, parallel with one another, between the 
layers of the tela choroidea of the third ven- 
tricle, and beneath the splenium of the cor- 
pus callosum, where they unite to form the 
great cerebral vein. Just prior to their union, 
each internal cerebral vein receives the cor- 
responding basal vein of that side. 

THALAMOSTRIATE VEIN. The thalamostriate 
vein commences in the groove between the 
corpus striatum and thalamus, and receives 
numerous veins from both of these regions 
(Figs. 9-12; 9-13). On each side the thalamo- 
striate vein unites behind the anterior col- 
umns of the fornix with the choroid vein, to 
form the corresponding internal cerebral 
vein. 

CHOROID VEIN. The choroid vein courses 
along the entire length of the choroid plexus, 
and receives veins from the hippocampus, 
the fornix, and the corpus callosum. Ascend- 
ing to the interventricular foramen (of 
Monro’), the choroid vein is joined by the 
thalamostriate vein to form the internal cer- 
ebral vein. 


3Alexander Monro II (1733-1817): A Scottish anatomist 
(Edinburgh). 
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Fic. 9-12. The internal cerebral veins and their tributaries draining the deep cerebral structures. (From Benninghoff 
and Goerttler, Lehrbuch der Anatomie des Menschen, Urban and Schwarzenberg, 1975.) 


BASAL VEIN 


The basal vein is formed at the anterior 
perforated substance by the union of a small 
anterior cerebral vein which accompanies 
the anterior cerebral artery, the deep middle 
cerebral vein which receives tributaries 
from the insula and neighboring gyri and 
runs in the lower part of the lateral cerebral 
sulcus, and the inferior striate veins which 
leave the corpus striatum through the ante- 
rior perforated substance (Fig. 9-13). The 
basal vein passes posteriorly around the cer- 
ebral peduncle, and ends either in the inter- 
nal cerebral vein near its junction with the 
great cerebral vein, or in the great cerebral 
vein itself. It receives tributaries from the 
interpeduncular fossa, the inferior horn of 


the lateral ventricle, the parahippocampal 
gyrus, and the midbrain. 


CEREBELLAR VEINS 


The cerebellar veins are located on the 
surface of the cerebellum and consist of two 
sets, superior and inferior. Certain of the su- 
perior cerebellar veins pass forward and 
medially, across the superior vermis, and 
end in the straight sinus or in the great cere- 
bral vein, while others course laterally to the 
transverse and superior petrosal sinuses. 
The inferior cerebellar veins are larger than 
the superior cerebellar; some course anteri- 
orly and laterally and end in the superior 
petrosal or transverse sinuses, while others 
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Fic. 9-13. Midsagittal view of the deeply located veins of the cerebrum. Note the relationship of the internal cerebral 
veins, the great cerebral vein, and the straight sinus. (Adapted from Truex, R. C. and Carpenter, M. B., Human 
Neuroanatomy, 6th ed., Williams and Wilkins, Baltimore, 1969.) 


course directly backward and open into the 
occipital sinus. 


VEINS OF THE BRAINSTEM 


The veins of the midbrain, pons, and me- 
dulla form a superficial plexus which hes 
deep to the arteries. From the plexus ante- 
rior and posterior median longitudinal chan- 
nels form along the medulla oblongata. The 
anterior vein drains superiorly into the pon- 
tine plexus, inferiorly into the vertebral 
veins and the corresponding veins of the spi- 
nal cord, and laterally into radicular veins 
which leave the cranial cavity with the 
lower cranial nerves. The posterior vein 
drains into the inferior petrosal and basilar 
sinuses, as well as along the cranial nerve 
rootlets. Over the pons, the superficial ve- 
nous channels form more laterally situated 
longitudinal veins. These drain laterally into 
the inferior petrosal sinuses or through the 
foramina with the cranial nerves. The ve- 
nous drainage of the midbrain is directed 


superiorly toward the great cerebral vein or 
the basal vein. 


Sinuses of the Dura Mater 


The sinuses of the dura mater are venous 
channels which drain blood from the brain 
and the bones that form the cranial cavity 
and carry it into the internal jugular vein. 
Situated between the two layers of the dura 
mater, they are devoid of valves but are 
lined by endothelium continuous with that 
of the veins into which they drain. They may 
be divided into a posterosuperior and an 
anteroinferior group. 

The posterosuperior group of intracranial 
venous sinuses consists of the following: 


Superior sagittal sinus 
Inferior sagittal sinus 
Straight sinus 
Transverse sinuses 
Sigmoid sinuses 
Petrosquamous sinuses 
Occipital sinus 
Confluence of sinuses 


Dural vein 


Venous 
lacuna 
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Superior sagittal 
Sinus 


Venous lacuna 


Fic. 9-14. Superior sagittal sinus laid open after removal of the skull cap. The fibrous cords (of Willis) are clearly 
seen. The venous lacunae are also well shown; from two of them probes have been passed into the superior sagittal 


sinus. (From Poirier and Charpy.) 


SUPERIOR SAGITTAL SINUS 


The superior sagittal sinus occupies the 
attached convex margin of the falx cerebri 
(Figs. 9-14; 9-15; 9-19). Commencing at the 
foramen cecum, through which it may re- 
ceive a vein from the nasal cavity, the sinus 
is directed posteriorly, grooving the inner 
surface of the frontal bone, the adjacent 
margins of the two parietal bones, and the 
inner aspect of the squamous part of the oc- 
cipital bone along the superior part of the 
cruciate eminence. Near the internal occipi- 
tal protuberance, it deviates to one side, usu- 
ally the right, and is continued as the corre- 
sponding transverse sinus. The superior 
sagittal sinus is triangular in cross section, 
and gradually enlarges as it passes posteri- 
orly. Its inner surface presents the openings 
of the superior cerebral veins. Their orifices 
are concealed by fibrous folds and numerous 
fibrous bands (chords of Willis!) that extend 


"Thomas Willis (1621-1675): An English physician (Lon- 
don). 


transversely across the inferior angle of 
the sinus (Fig. 9-14). Small openings in the 
wall communicate with irregularly shaped 
spaces, called lateral venous lacunae, in the 
dura mater near the sinus. There are usually 
three lacunae on each side, a small frontal, a 
large parietal, and an occipital which is in- 
termediate in size. Most of the cerebral veins 
from the outer surface of the hemisphere 
open into these lacunae, and numerous 
arachnoid granulations (Pacchionian? bod- 
ies) project into them. These latter struc- 
tures, evaginations of arachnoid mesothe- 
lium into the sinus, communicate with the 
subarachnoid space, and provide a pathway 
by which cerebrospinal fluid can flow di- 
rectly into the venous blood. The superior 
sagittal sinus receives the superior cerebral 
veins and veins from the diploé, and near the 
posterior extremity of the sagittal suture, 
also the anastomosing emissary veins from 
the pericranium, which pass through the 


“Antonio Pacchioni (1665-1726): An Italian anatomist 
(Rome). 
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parietal foramina, and veins from the dura 
mater. Numerous anastomoses exist be- 
tween this sinus and the veins of the nose 
and scalp. 


INFERIOR SAGITTAL SINUS 


The inferior sagittal sinus is contained in 
the posterior half or two-thirds of the free 
margin of the falx cerebri. This is found in 
the deepest region of the longitudinal fissure 
that separates the two hemispheres of the 
brain, and just above the white commissure, 
called the corpus callosum, which intercon- 
nects the two hemispheres across the mid- 
line. The inferior sagittal sinus is cylindrical, 
increases in size as it passes posteriorly, and 
ends in the straight sinus (Figs. 9-15; 9-19). It 
receives several veins from the falx cerebri, 
and occasionally a few from the medial sur- 
face of the hemispheres. 


STRAIGHT SINUS 


The straight sinus is situated at the line of 
junction of the falx cerebri and the tento- 
rium cerebelli (Figs. 9-13; 9-15; 9-19). It is tri- 
angular in cross section, and it enlarges as it 
proceeds posteriorly from the end of the in- 
ferior sagittal sinus. It opens into the trans- 
verse sinus of the side opposite that in which 
the superior sagittal sinus terminates. Be- 
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sides receiving blood from the inferior sagit- 
tal sinus, the straight sinus receives the great 
cerebral vein and the superior cerebellar 
veins. A few transverse fibrous bands cross 
its interior. 


TRANSVERSE SINUSES 


The transverse sinuses are large and begin 
at the internal occipital protuberance (Figs. 
9-15; 9-16; 9-19). One, generally the right, is 
the direct continuation of the superior sagit- 
tal sinus, the other of the straight sinus. Each 
transverse sinus passes horizontally lateral- 
ward and then forward, describing a slight 
curve, to the base of the petrous portion of 
the temporal bone. In this part of its course, 
it lies in the attached margin of the tento- 
rium cerebelli. As it leaves the tentorium, it 
becomes the sigmoid sinus. The transverse 
sinuses are frequently of unequal size, the 
one formed by the superior sagittal sinus 
being the larger. At the base of the petrous 
portion of the temporal bone, where the 
transverse sinuses become the sigmoid si- 
nuses, they receive the superior petrosal si- 
nuses. During their course, the transverse 
sinuses receive some of the inferior cerebral 
veins and the inferior anastomotic veins 
from the cerebral cortex, and some of the 
inferior cerebellar veins, as well as the pos- 
terior temporal and occipital diploic veins. 
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Sagittal section of the skull with the brain removed, showing the sinuses of the dura. 


SIGMOID SINUSES 


The sigmoid sinuses are directly continu- 
ous with the transverse sinuses and com- 
mence where the transverse sinuses emerge 
from the tentorium cerebelli. Each sigmoid 
sinus curves inferiorly and medially in an 
S-shaped manner, in order to reach the pos- 
terior part of the jugular foramen, where it 
ends in the internal jugular vein (Fig. 9-16). 
In its course it rests initially on the mastoid 
part of the temporal bone, and then just be- 
fore its termination, on the jugular process of 
the occipital bone. As it passes through the 
jugular foramen, the sigmoid sinus is sepa- 
rated by the vagus and spinal accessory 
nerves from the inferior petrosal sinus, 
which emerges through the anterior part of 
the jugular foramen. 


PETROSQUAMOUS SINUSES 


The petrosquamous sinuses are found 
only occasionally. When present, each is 
located in a groove that courses along the 
junction of the squamous and petrous parts 
of the temporal bone. On each side this sinus 
opens posteriorly into the transverse sinus, 
close to where the latter becomes the sig- 
moid sinus. Anteriorly the petrosquamous 
sinus Communicates with the retroman- 
dibular vein behind the ramus of the man- 
dible. 


OCCIPITAL SINUS 


The occipital sinus is one of the smallest 
of the cranial sinuses (Figs. 9-15; 9-19). It is 
situated in or near the midline, along the at- 
tached margin of the falx cerebelli, and is 
generally single but occasionally paired. It 
commences around the margin of the fora- 
men magnum by several small venous 
channels, one of which joins the terminal 
part of the sigmoid sinus. Inferiorly it com- 
municates with the internal vertebral ve- 
nous plexuses, and superiorly it opens into 
one of the transverse sinuses or, more fre- 
quently, into the confluence of sinuses. 


CONFLUENCE OF SINUSES 


The confluence of sinuses (also known as 
the torcular Herophili') is the dilated junc- 
tion of three tributary sinuses, the superior 


'Herophilus (about 350 B.c.): A Greek physician and 
anatomist, who worked in Alexandria, Egypt. 
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sagittal, the straight, and the occipital, with 
the two large transverse sinuses (Fig. 9-15). It 
is situated on the inner surface of the cra- 
nium, usually just to the right of the internal 
occipital protuberance. The direction of cur- 
rents within the confluence is such that the 
right transverse sinus usually receives the 
greater part of its blood from the superior 
sagittal sinus, and the left transverse sinus 
receives blood from the straight sinus. 

The anteroinferior group of intracranial 
venous sinuses includes the following: 


Cavernous sinuses 

Ophthalmic veins 
ophenoparietal sinuses 
Intercavernous sinus 
Superior petrosal sinuses 
Inferior petrosal sinuses 
Basilar plexus 


CAVERNOUS SINUSES 


The cavernous sinuses are situated to the 
right and left of the body of the sphenoid 
bone, and communicate with each other 
both in front of and behind the hypophysis 
(Fig. 9-16). They are about 1 cm wide and are 
traversed by numerous interlacing fibrous 
filaments which present them with irregular 
venous spaces internally, and a trabeculated, 
spongy character that slows the flow of ve- 
nous blood. They are larger behind than in 
front, and each sinus extends about 2cm 
from the superior orbital fissure anteriorly to 
the apex of the petrous portion of the tempo- 
ral bone posteriorly. Each cavernous sinus 
drains posteriorly into the superior petrosal 
and inferior petrosal sinuses. 

Along the medial wall of each cavernous 
sinus courses the internal carotid artery, sur- 
rounded by the carotid plexus of sympa- 
thetic nerve fibers (Fig. 9-17), and just infe- 
rior and lateral to the artery is found the 
abducens nerve. On the lateral wall of the 
sinus are the oculomotor and _ trochlear 
nerves, along with the ophthalmic and max- 
illary divisions of the trigeminal nerve (Fig. 
9-17). These structures are separated from 
the blood flowing through the sinus by the 
endothelial lining of the sinus wall. 

The cavernous sinus receives the superior 
and inferior ophthalmic veins, the superfi- 
cial middle cerebral vein, several of the infe- 
rior cerebral veins, and the small spheno- 
parietal sinus. It communicates with the 
transverse sinus by means of the superior 
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Fic. 9-16. The venous sinuses at the base of the skull. 


petrosal sinus; with the internal jugular vein 
by way of the inferior petrosal sinus; with 
the pterygoid plexus by veins that pass 
through the sphenoidal emissary foramen 
(of Vesalius!), the foramen ovale, and fora- 
men lacerum; and with the angular and fa- 
cial veins through the superior ophthalmic 
vein. The two cavernous sinuses anastomose 
with each other through the anterior and 
posterior intercavernous Sinuses. 


Superior Ophthalmic Vein 


The superior ophthalmic vein begins at 
the medial angle of the upper eyelid by a 
confluence of tributaries of the supratroch- 
lear, supraorbital, and angular veins (Figs. 


‘Andreas Vesalius (1514-1564): A great Flemish anato- 
mist who did his finest work in Padua, Italy. 


9-16; 9-19). It passes posteriorly through the 
superior part of the orbit, and receives tribu- 
taries that correspond to the branches of the 
ophthalmic artery. Forming a short single 
trunk, it passes between the two heads of the 


Internal carotid artery 
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Fic. 9-17. Oblique section through the cavernous sinus. 


lateral rectus muscle and then through the 
medial part of the superior orbital fissure 
below the abducens nerve, and opens into 
the cavernous sinus. 


Inferior Ophthalmic Vein 


The inferior ophthalmic vein begins in a 
venous network on the anterior part of the 
floor and medial wall of the orbit (Fig. 9-19). 
It receives veins from the inferior rectus and 
inferior oblique muscles, as well as from the 
lacrimal sac and eyelids. Coursing posteri- 
orly in the inferior part of the orbit, it di- 
vides into two branches. One of these passes 
through the inferior orbital fissure and joins 
the pterygoid venous plexus. The other en- 
ters the cranial cavity through the superior 
orbital fissure and ends in the cavernous 
sinus, either separately, or more frequently 
in common with the superior ophthalmic 
vein. 


SPHENOPARIETAL SINUSES 


Each of the two sphenoparietal sinuses, 
one on each side, begins from a small menin- 
geal vein near the lateral tip of the lesser 
wing of the sphenoid bone. It then courses 
medially in a groove on the inferior surface 
of the lesser wing of the sphenoid bone and 
drains into the anterior part of the cavernous 
sinus. In addition to receiving a few small 
meningeal venous tributaries, it usually re- 
ceives the anterior temporal diploic vein. 


INTERCAVERNOUS SINUSES 


The anterior and posterior intercavernous 
sinuses interconnect the cavernous sinuses 
across the midline. The anterior inter- 
Cavernous sinus passes in front of the hy- 
pophysis, while the posterior passes behind 
the gland (Fig. 9-16). Together with the cav- 
ernous sinuses, they form a venous circle, 
sometimes called the circular sinus, around 
the hypophysis. The anterior intercavernous 
sinus is usually the larger of the two, but ei- 
ther one may be absent. 


SUPERIOR PETROSAL SINUSES 


The superior petrosal sinuses are small 
and narrow, and on each side they connect 
the cavernous with the transverse sinus 
(Figs. 9-15; 9-16; 9-19). Each superior petrosal 
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sinus courses laterally and backward from 
the posterior end of the cavernous sinus. 
Passing over the trigeminal nerve, it lies in 
the attached margin of the tentorium cere- 
belli, along a groove in the superior border 
of the petrous portion of the temporal bone. 
It joins the transverse sinus where the latter 
curves downward and becomes the sigmoid 
sinus on the inner surface of the mastoid 
part of the temporal. It receives certain of 
the cerebellar and inferior cerebral veins, 
and veins from the tympanic cavity. 


INFERIOR PETROSAL SINUSES 


Each of the two inferior petrosal sinuses is 
situated in the corresponding inferior petro- 
sal sulcus that is formed by the junction of 
the petrous part of the temporal bone and 
the basilar part of the occipital bone (Figs. 
9-15; 9-16; 9-19). Commencing at the postero- 
inferior part of the cavernous sinus, the infe- 
rior petrosal sinus passes to the anterior part 
of the jugular foramen, and it ends in the 
superior bulb of the internal jugular vein. 
The inferior petrosal sinus receives the laby- 
rinthine veins, and also veins from the me- 
dulla oblongata, pons, and inferior surface 
of the cerebellum. 

The relationship of the vessels and nerves 
passing through the jugular foramen is as 
follows: the inferior petrosal sinus lies 
anteromedially, with the meningeal branch 
of the ascending pharyngeal artery, and is 
directed obliquely downward and _back- 
ward; the sigmoid sinus is situated at the lat- 
eral and posterior part of the foramen, with 
a meningeal branch of the occipital artery; 
between the two sinuses are the glossopha- 
ryngeal, vagus, and accessory nerves. These 
three sets of structures are separated by two 
processes of fibrous tissue. The junction of 
the inferior petrosal sinus and the internal 
jugular vein takes place on the lateral aspect 
of the nerves. 


BASILAR PLEXUS 


The basilar plexus consists of several in- 
terlacing venous channels located between 
the layers of the dura mater over the basilar 
part of the occipital bone (Fig. 9-16). It serves 
to connect the two inferior petrosal sinuses, 
and it communicates with the anterior verte- 
bral venous plexus. 
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Diploic Veins 


The diploé of the cranial bones contain 
bone marrow and are drained by venous 
channels called the diploic veins. These 
veins are large and at irregular intervals ex- 
hibit pouch-like dilatations. Their walls are 
thin, consisting only of endothelium resting 
on a layer of elastic tissue. While the cranial 
bones are separated from one another, these 
veins are confined to particular bones, but 
when the sutures are obliterated, the veins 
unite and generally increase in size. Thus, 
they are enlarged in the elderly, but virtually 
nonexistent in the newborn, only gradually 
developing during early childhood. The 
diploic veins communicate with the menin- 
geal veins and the sinuses of the dura mater, 
with the veins of the pericranium, and with 
each other. Usually the following diploic 
veins are found in the skull: 


Frontal 

Anterior temporal 
Posterior temporal 
Occipital 


FRONTAL DIPLOIC VEIN 


The frontal diploic vein is found in the 
anterior part of the frontal bone (Fig. 9-18). 
Through the inner table of the skull, it com- 
municates with the superior sagittal sinus. 
The veins of the two sides usually join ante- 


riorly to form a single vessel, which per- 
forates the outer table in the roof of the su- 
praorbital notch and anastomoses with the 
supraorbital vein. 


ANTERIOR TEMPORAL DIPLOIC VEIN 


There are usually two anterior temporal 
diploic veins, one found in front of the coro- 
nal suture in the frontal bone, and the other 
behind the suture in the parietal bone (Fig. 
9-18). Internally they communicate with the 
sphenoparietal sinus, while externally they 
anastomose with one of the deep temporal 
veins through an aperture in the great wing 
of the sphenoid bone. 


POSTERIOR TEMPORAL DIPLOIC VEIN 


The posterior temporal diploic’ vein 
courses downward in the parietal bone to- 
ward the mastoid region of the temporal 
bone (Fig. 9-18). It either perforates the inner 
table through an aperture at the mastoid 
angle of the parietal bone, or it courses 
through the mastoid foramen and terminates 
in the transverse sinus. 


OCCIPITAL DIPLOIC VEIN 


The occipital diploic vein, the largest of 
the diploic veins, is confined to the occipital 
bone (Fig. 9-18). It opens either externally 





Fic. 9-18. The diploic veins displayed after removal of the outer table of the skull. 


into the occipital vein, or internally into the 
transverse sinus or the confluence of sinuses. 


Emissary Veins 


The emissary veins pass through various 
foramina and openings in the cranial wall 
and establish anastomoses between the si- 
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nuses of the dura inside the skull and the 
veins on the exterior of the skull (Fig. 9-19). 
some of the following emissary veins are 
always present, others only occasionally. 
MASTOID EMISSARY VEIN. The mastoid 
emissary vein is usually present. It courses 
through the mastoid foramen and may tra- 
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Fic. 9-19. The veins of the head and neck projected onto the skull and brain. The cerebral ventricles are shown in 
red. The extracranial portions of the veins are shown in solid blue, while the intracranial portions of the veins are in 
hatched blue. Numbers identify the foramina through which veins traverse the cranium. 1, Superior orbital fissure. 
2, Inferior orbital fissure. 3, Foramen ovale. 4, Foramen spinosum. 5, Foramen lacerum. 6, Carotid canal. 7, Jugular 
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verse a diploic vein for a short distance, con- 
necting the sigmoid sinus with the posterior 
auricular or with the occipital vein. 

OCCIPITAL EMISSARY VEIN. The occipital 
emissary vein courses through a small fora- 
men at the occipital protuberance and links 
the confluence of sinuses with the occipital 
vein. 

PARIETAL EMISSARY VEIN. The parietal em- 
issarv vein passes through the parietal fora- 
men, anastomoses with the diploic veins, 
and interconnects the superior sagittal sinus 
with the veins of the scalp. 

VENOUS PLEXUS OF THE HYPOGLOSSAL 
CANAL. This network of small veins tra- 
verses the hypoglossal canal and joins the 
sigmoid sinus with the vertebral vein or the 
internal jugular vein. 

CONDYLAR EMISSARY VEIN. The condylar 
emissary vein is inconstant, but when pres- 
ent. it passes through the condylar canal and 
connects the sigmoid sinus with the deep 
veins in the upper neck. 

VENOUS PLEXUS OF THE FORAMEN OVALE. 
This plexus of small veins interconnects the 
cavernous sinus with the pterygoid plexus 
through the foramen ovale. 

EMISSARY VEINS OF THE FORAMEN LACERUM. 
Two or three small veins course through the 
foramen lacerum and connect the cavernous 
sinus with the pterygoid plexus. 

EMISSARY VEIN OF THE SPHENOID FORAMEN. 
In about half of the skulls, an emissary vein 
courses through the sphenoidal foramen (of 
Vesalius), which also connects the cavernous 
sinus with the pterygoid plexus. 

INTERNAL CAROTID VENOUS PLEXUS. An in- 
ternal carotid plexus of veins accompanies 
the internal carotid artery and traverses the 
carotid canal between the cavernous sinus 
and the internal jugular vein. 

EMISSARY VEIN OF THE FORAMEN CECUM. [n 
some specimens a vein is_ transmitted 
through the foramen cecum, which connects 
the superior sagittal sinus with the veins of 
the nasal cavity. 

Other anastomoses between the dural 
sinus and veins outside the cranial cavity 
that are not classed as emissary veins are the 
connection between the cavernous sinus and 
the facial vein through the superior ophthal- 
mic and angular veins, and the communica- 
tion between the inferior petrosal sinus and 
the vertebral veins by way of the basilar 
plexus. 


External Jugular Vein 


The external jugular vein is one of three 
large veins that course in the neck and re- 
turn blood from structures in the cranial 
cavity, face, and neck. The other two are the 
vertebral vein and the internal jugular vein. 
The external jugular vein flows into the sub- 
clavian vein, as does the vertebral vein, 
whereas the internal jugular vein is a tribu- 
tary of the brachiocephalic vein. 

The external jugular vein receives the 
greater part of the blood from the exterior of 
the cranium, tncluding the scalp and the 
superficial and deep regions of the face. It is 
formed by the junction of the retromandi- 
bular and the posterior auricular veins (Figs. 
9-20; 9-22). It commences in the substance of 
the parotid gland, on a level with the angle 
of the mandible. Descending perpendicu- 
larly in the neck, the external jugular vein 
obliquely crosses the superficial surface of 
the sternocleidomastoid muscle, along a line 
between the angle of the mandible and the 
middle of the clavicle. At the clavicle, it lies 
near the posterior border of the sterno- 
cleidomastoid muscle, and within the sub- 
clavian triangle it perforates the deep fascia 
and ends in the subclavian vein, lateral or 
ventral to the anterior scalene muscle. It is 
separated from the sternocleidomastoid 
muscle by the investing layer of deep cervi- 
cal fascia, and is covered by the platysma, 
the superficial fascia, and skin. The external 
jugular vein crosses the transverse cervical 
nerve, and its upper half courses parallel to 
the great auricular nerve. The vein varies in 
size, in inverse proportion to the other veins 
of the neck; it is occasionally doubled. It is 
provided with two pairs of valves, the lower 
pair being placed at its entrance into the 
subclavian vein; the upper pair in most cases 
is about 4cm above the clavicle. The portion 
of vein located between the two sets of 
valves is often dilated, and is sometimes 
termed the sinus of the external jugular 
vein. These valves do not prevent the regur- 
gitation of blood. or the passage of injected 
substances distally. 

TRIBUTARIES OF THE EXTERNAL JUGULAR 
VEIN. The external jugular vein receives the 
posterior external jugular vein, and near its 
termination, the anterior jugular, transverse 
scapular, and suprascapular veins. It also is 
joined by a large communicating branch 


from the internal jugular vein, and occasion- 
ally it receives the occipital vein. 


POSTERIOR EXTERNAL JUGULAR VEIN 


The posterior external jugular vein begins 
in the occipital region and returns blood 
from the skin and superficial muscles in the 
upper and posterior part of the neck. It lies 
between the splenius and trapezius muscles 
(Fig. 9-23), runs down the posterior part of 
the neck, and opens into the middle third of 
the external jugular vein. 


Anterior Jugular Vein 


The anterior jugular vein begins near the 
hyoid bone, and is formed by the confluence 
of several superficial veins from the sub- 
mandibular region (Fig. 9-20). It descends 
between the midline of the neck and the an- 
terior border of the sternocleidomastoid 
muscle. In the lower neck, the anterior jugu- 
lar vein passes deep to the sternocleidomas- 
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toid muscle and opens into the terminal part 
of the external jugular, or in some instances, 
into the subclavian vein (Fig. 9-20). It varies 
considerably in size, usually in inverse pro- 
portion to the size of the external jugular 
vein. Most frequently there are two anterior 
jugular veins, a right and left, but sometimes 
only one. It usually receives tributaries from 
some laryngeal veins and occasionally from 
a small thyroid vein, and it communicates 
with the internal jugular vein. Just above the 
sternum the two anterior jugular veins are 
united by a transverse trunk and form the 
jugular venous arch, which receives tribu- 
taries from the inferior thyroid veins. The 
anterior jugular vein contains no valves. 


TRANSVERSE CERVICAL VEIN 


The transverse cervical vein forms from 
tributaries that drain from beneath the tra- 
pezius (Figs. 9-20; 9-22). It is directed antero- 
medially, across the posterior triangle of the 
neck, and opens into the external jugular 
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Fic. 9-20. The superficial veins of the neck. The right sternocleidomastoid muscle has been removed to reveal the 


course of the internal jugular vein. (After Sobotta.) 
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vein near its termination, but it may drain 
into the subclavian vein. It usually accompa- 
nies the transverse cervical arterv. 


SUPRASCAPULAR VEIN 


The suprascapular (or transverse scapu- 
lar) vein accompanies the artery of the same 
name and usually opens into the external 
jugular near its termination. It may empty 
into the subclavian vein. 


Internal Jugular Vein 


The internal jugular vein collects blood 
from the brain, the superficial parts of the 
face, and the neck (Figs. 9-20: 9-22). It is di- 
rectly continuous with the sigmoid sinus in 
the posterior compartment of the jugular 
foramen at the base of the skull. At its origin 
is a dilatation called the superior jugular 
bulb. The internal jugular vein courses 
downward in the neck, lying at first lateral to 
the internal carotid artery. and then lateral 
to the common carotid artery. At the root of 
the neck. it unites with the subclavian vein 
to form the brachiocephalic vein. A little 
above its termination is a second dilatation, 
the inferior jugular bulb. 

Superiorly near its origin, the internal jug- 
ular vein lies on the rectus capitis lateralis 
muscle, and behind the internal carotid ar- 
tery and the nerves emerging from the jugu- 
lar foramen. Just above the posterior belly of 
the digastric muscle, the internal jugular 
vein and the internal carotid arterv lie 
nearly in the same plane as the glossopha- 
ryngeal and hypoglossal nerves, which pass 
anteriorly between them. The vagus nerve 
descends between the vein and the artery. 
and the accessory nerve runs obliquely 
backward. superficial to the internal jugular 
vein and toward the sternocleidomastoid 
muscle. It is frequently stated that the inter- 
nal jugular vein is surrounded throughout its 
course by the carotid sheath. The vein, how- 
ever, is usually superficial to the sheath. 
which in fact does surround the internal ca- 
rotid artery and vagus nerve. At the root of 
the neck, the right internal jugular vein is 
placed at a little distance from the common 
carotid artery, and crosses the first part of 
the subclavian artery. whereas the left inter- 
nal jugular vein usually overlaps the com- 
mon carotid artery. The left vein is generally 
smaller than the right, and each contains a 


pair of valves that are placed about 2.5 cm 
above the termination of the vessel. 

TRIBUTARIES OF THE INTERNAL JUGULAR 
VEIN. During its course, the internal jugular 
vein receives the inferior petrosal sinus and 
the facial, lingual, pharyngeal, superior and 
middle thyroid, and sometimes occipital 
veins. The thoracic duct on the left side and 
the right lymphatic duct on the right side 
open into the angle of union of the internal 
jugular and subclavian veins. 

Because the inferior petrosal sinus and the 
facial and occipital veins were described 
earlier in the chapter, they will not be elabo- 
rated on further here. However, note that the 
inferior petrosal sinus leaves the skull 
through the anterior part of the jugular fora- 
men, and joins the superior bulb of the inter- 
nal jugular vein; the facial vein joins the in- 
ternal jugular vein just below the angle of 
the mandible; and the occipital vein usually 
joins the posterior auricular vein and flows 
into the external jugular vein, but at times it 
follows the course of the occipital artery and 
flows directly into the internal jugular vein 
near the level of the hyoid bone. 


LINGUAL VEIN 


The lingual vein opens into the internal 
jugular vein near the hyoid bone. It receives 
blood primarily from its dorsal lingual tribu- 
taries. Additionally, blood from the tip of the 
tongue drains into the deep lingual vein. 

DORSAL LINGUAL VEINS. Two or more dor- 
sal lingual veins drain the dorsum and sides 
of the tongue (Fig. 9-21). Coursing downward 
and posteriorly, they join together to form 
the lingual vein, which accompanies the lin- 
gual artery. The lingual vein then courses 
posteriorly between the genioglossus and 
hyoglossus muscles and empties into the in- 
ternal jugular vein just above the greater 
horn of the hvoid bone. 

DEEP LINGUAL VEIN. The deep lingual vein 
commences at the tip of the tongue, where it 
forms an anastomosis with the same vein 
from the opposite side (Fig. 9-21). Traveling 
downward and backward just deep to the 
mucous membrane of the tongue, it receives 
the small sublingual vein, and near the ante- 
rior border of the hyoglossus muscle, it be- 
comes adjacent to the hypoglossal nerve. At 
this point it is called the accompanying vein 
of the hypoglossal nerve, also known as the 
ranine vein. Passing backward with the hy- 
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Fic. 9-21. Veins of the tongue. The hypoglossal nerve has been displaced downward. (From Testut.) 


poglossal nerve along the lateral (superficial) 
border of the hyoglossus muscle, this vein 
usually opens into the facial vein, but it may 
join the lingual vein or even open directly 
into the internal jugular vein. 


PHARYNGEAL VEINS 


The pharyngeal veins begin in the pharyn- 
geal plexus on the outer surface of the phar- 
ynx, and after receiving some posterior me- 
ningeal veins and the vein coursing with the 
artery of the pterygoid canal, they end in the 
internal jugular vein. They occasionally 
open into the facial, lingual, or superior thy- 
roid vein. ' 


SUPERIOR THYROID VEIN 


The superior thyroid vein begins in the 
substance and on the surface of the thyroid 
gland by tributaries that correspond to the 
branches of the superior thyroid artery, and 
ends in the middle part of the internal jugu- 
lar vein, just below the hyoid bone (Figs. 
9-20; 9-22). It receives the superior laryngeal 
and cricothyroid veins. At times the superior 
thyroid vein opens into the facial vein. 


MIDDLE THYROID VEIN 


The middle thyroid vein collects blood 
from the lower lateral part of the thyroid 
gland, and is joined by some veins from the 
larynx and trachea. It crosses laterally in 
front of the common carotid artery and deep 


to the strap muscles, and opens into the in- 
ternal jugular vein just above the level of the 
lower border of the thyroid gland. 


Vertebral Vein 


The vertebral vein does not emerge from 
the cranial cavity through the foramen mag- 
num with the vertebral artery. Instead, it is 
formed in the suboccipital triangle from 
numerous small tributaries that spring from 
the internal vertebral venous plexuses and 
leave the vertebral canal above the posterior 
arch of the atlas (Fig. 9-23). These vessels 
unite with small veins from the deep mus- 
cles in the upper part of the dorsal neck, and 
form a vessel that enters the foramen in the 
transverse process of the atlas. Forming a 
dense plexus around the vertebral artery, 
they descend in a canal formed by the trans- 
verse foramina of the cervical vertebrae. 
This plexus ends in a single trunk, the verte- 
bral vein, which emerges usually from the 
transverse foramen of the sixth (but occa- 
sionally from the seventh) cervical vertebra. 
In the root of the neck, the vertebral artery 
opens into the dorsal part of the brachioce- 
phalic vein near its origin, its opening being 
guarded by a pair of valves. On the right 
side, the vertebral vein crosses the first part 
of the subclavian artery. 

TRIBUTARIES OF THE VERTEBRAL VEIN. The 
vertebral vein communicates with the sig- 
moid sinus by a vein that passes through the 
condylar canal, when that canal exists. It 
also receives tributaries from the occipital 
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Fic. 9-22. The internal jugular system of veins in the deeper neck. Note the superior middle and inferior thyroid veins. 


(After Sobotta.) 


vein. the prevertebral muscles, the internal 
and external vertebral venous plexuses, and 
the anterior vertebral and the deep cervical 
veins. Near its termination it is sometimes 
joined by the first intercostal vein. 


ANTERIOR VERTEBRAL VEIN 


The anterior vertebral vein (ascending 
cervical vein) commences in a_ plexus 
around the transverse processes of the cra- 
nial cervical vertebrae (Fig. 9-23). It de- 
scends in the neck with the ascending cervi- 
cal artery, between the anterior scalene and 
longus capitis muscles, and opens into the 
terminal part of the vertebral vein. 


DEEP CERVICAL VEIN 


The deep cervical vein accompanies its 
artery between the semispinalis capitis and 
cervicis (Fig. 9-23). It begins in the sub- 
occipital region as communicating branches 
from the occipital vein and as small veins 


from the deep muscles at the back of the 
neck. It receives tributaries from the plex- 
uses around the spines of the cervical verte- 
brae. and terminates in the inferior part of 
the vertebral vein. 


ACCESSORY VERTEBRAL VEIN 


The accessory vertebral vein, when pres- 
ent, arises as a small vein from the venous 
plexus surrounding the vertebral artery, in 
the canal formed by the transverse foramina 
of the cervical vertebrae. It emerges from the 
transverse foramen of the seventh cervical 
vertebra, courses anteriorly in the lower 
neck, and opens into the terminal part of the 
vertebral vein. 


VEINS OF THE UPPER LIMB 
The veins of the upper limb can be di- 


vided into two sets, superficial and deep. 
Distinguished by their topographic position. 
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Fig. 9-23. The vertebral vein and other veins in the neck, lateral view. (From Poirier and Charpy.) 


they anastomose with each other at frequent 
sites, and thus form several parallel chan- 
nels of drainage from any single region. The 
superficial veins are distributed immediately 
beneath the skin, within the superficial fas- 
cia. The deep veins accompany the arteries, 
are the venae comitantes, and usually have 
the same name as their arteries. Both sets of 
veins are provided with valves, which are 
more numerous in the deep veins than in the 
superficial. 


Superficial Veins 
of the Upper Limb 


Two large veins, the cephalic and the 
basilic, receive blood from the smaller su- 
perficial veins of the upper limb, and convey 
it to the axillary vein and then into the sub- 
clavian and brachiocephalic veins (Fig. 9- 
24). The cephalic vein courses along the ra- 
dial side of the forearm and the lateral side 
of the arm. The basilic vein occupies the 
ulnar aspect of the forearm and medial side 
of the arm. The superficial veins of the 
upper limb are: 


Cephalic 

Basilic 

Median antebrachial 

Venous network of the dorsal hand 
Superficial venous palmar arch 


CEPHALIC VEIN 


The cephalic vein begins on the radial 
aspect of the dorsal venous network of the 
hand (Fig. 9-24). As it ascends, it winds 
around the radial border of the forearm, 
thereby receiving tributaries from both pal- 
mar and dorsal surfaces of the hand. Just 
below the antecubital fossa, it communi- 
cates with the basilic vein by means of the 
median cubital vein, which also receives a 
branch from the deep forearm veins. The 
main stem of the cephalic vein then contin- 
ues proximally, along the lateral side of the 
antecubital fossa in the groove between the 
brachioradialis and the biceps brachii mus- 
cles, where it crosses superficial to the lat- 
eral antebrachial cutaneous branch of the 
musculocutaneous nerve. Its ascent in the 
arm continues in the groove along the lateral 
border of the biceps brachii. In the proximal 
third of the arm, it passes between the pecto- 
ralis major and deltoid muscles, where it is 
accompanied by the deltoid branch of the 
thoracoacromial artery. From the interval 
between these two muscles and the clavicle, 
called the deltopectoral triangle, the ce- 
phalic vein passes behind the clavicular 
head of the pectoralis major muscle. It then 
pierces the clavipectoral fascia, and crossing 
the axillary artery, it enters the axillary vein 
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Fic. 9-24. The superficial veins of the upper limb. Note 
the radial or lateral course of the cephalic vein and the 
ulnar or medial ascent of the basilic vein. 


just below the clavicle (Fig. 9-27). Sometimes 
it communicates with the external jugular 
vein by a tributary that ascends in front of 
the clavicle. 

ACCESSORY CEPHALIC VEIN. The accessory 
cephalic vein arises either from a small trib- 
utary plexus on the dorsum of the forearm 
or from the ulnar side of the dorsal venous 
network (Fig. 9-24). It remains on the radial 
side of the cephalic vein and joins it just 
below the elbow. The accessory cephalic 


vein may spring from the cephalic vein. 
proximal to the wrist, and join it once again 
higher in the forearm. A large oblique anas- 
tomosis frequently connects the basilic and 
cephalic veins on the back of the forearm. 


BASILIC VEIN 


The basilic vein begins on the ulnar aspect 
of the dorsal venous network of the hand. It 
ascends on the posterior surface of the ulnar 
side of the forearm, and is inclined toward 
the anterior surface just below the elbow, 
where it is joined by the median cubital vein 
(Fig. 9-24). It then courses obliquely upward 
in the groove between the biceps brachii and 
pronator teres and crosses the brachial ar- 
tery, from which it is separated by the bicip- 
ital aponeurosis. Filaments of the medial 
antebrachial cutaneous nerve pass both in 
front of and behind this portion of the vein. 
Continuing upward in the arm. the basilic 
vein then travels along the medial border of 
the biceps brachii. It perforates the deep fas- 
cia a little below the middle of the arm, and 
ascending on the medial side of the brachial 
artery to the lower border of the teres major, 
it joins the brachial vein to form the axillary 
vein (Fig. 9-27). 


MEDIAN ANTEBRACHIAL VEIN 


The median antebrachial vein drains the 
venous plexus on the palmar surface of the 
hand (Fig. 9-24). It ascends slightly toward 
the ulnar side of the anterior forearm, and 
ends either in the basilic vein or in the me- 
dian cubital vein. At times it divides into 
two vessels. one of which joins the basilic 
vein and the other the cephalic vein below 
the antecubital fossa. The median antebra- 
chial vein also anastomoses with the deep 
veins of the forearm. 

There is great variation in the pattern of 
the superficial veins of the forearm. Fre- 
quently there is a reciprocal relationship in 
the size of the cephalic and basilic veins. Ei- 
ther one may predominate or even be lack- 
ing. The median antebrachial vein may be 
absent as a definite vessel. The median cubi- 
tal vein may split into a distinct Y, with one 
arm of the Y draining into the cephalic and 
the other into the basilic vein. In this case. 
one branch is called the median cephalic 
vein, the other the median basilic vein. 


CLINICAL CONSIDERATIONS. The veins of the 
proximal forearm are usually the ones employed in 
venipuncture. One of the veins of the median cubital 
complex regularly has a large vessel anastomosing 
with the deep veins (Fig. 9-27). This anastomosis 
holds the superficial vein in place and prevents it 
from slipping away from the point of the needle. 


VENOUS NETWORK OF THE DORSAL HAND 


The venous network of the dorsal hand 
forms initially from dorsal digital veins 
which pass along the sides of the fingers. 
These are joined to one another by oblique 
communicating branches, and the digital 
veins from the adjacent sides of the fingers 
unite to form three dorsal metacarpal veins 
which end in the venous network on the 
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back of the hand (Fig. 9-25). The radial part 
of the network is joined by the dorsal digital 
vein from the radial side of the index finger 
and by the dorsal digital veins of the thumb; 
it is prolonged proximally as the cephalic 
vein. The ulnar part of the network receives 
the dorsal digital vein of the ulnar side of the 
little finger, and is continued proximally as 
the basilic vein. An anastomosing vein fre- 
quently makes an additional connection 
with either the cephalic or basilic vein in the 
middle of the forearm. 


SUPERFICIAL VENOUS PALMAR ARCH 


The superficial venous palmar arch is 
more delicate than the venous network of 
the dorsal hand and is formed by palmar 
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digital veins that drain into venous networks 
situated over the thenar and hypothenar 
eminences. These, in turn, flow proximally 
over the palmar surface of the wrist and help 
to form the median antebrachial vein. The 
palmar digital veins also are interconnected 
in the folds between the fingers to the ve- 
nous network of the dorsal hand by the 
intercapitular veins. 


Deep Veins of the Upper Limb 


The deep veins follow the course of the 
arteries, accompanying them as their venae 
comitantes. Accompanying veins are gener- 
ally arranged in pairs, situated on both sides 
of the corresponding artery, and several 
short, transverse anastomotic channels gen- 
erally interconnect them. The deep veins of 
the upper limb include the following: 


Deep veins of the hand 
Deep veins of the forearm 
Brachial veins 

Axillary veins 

Subclavian vein 


DEEP VEINS OF THE HAND 


The superficial and deep palmar arterial 
arches are each accompanied by a pair of 
venae comitantes that form the superficial 
and deep palmar venous arches and receive 
the veins corresponding to the branches of 
the arterial arches. Thus, the common pal- 
mar digital veins, formed by the union of the 
proper palmar digital veins, open into the 
superficial venous arch, and the palmar met- 
acarpal veins flow into the deep palmar ve- 
nous arch. The dorsal metacarpal veins re- 
ceive perforating branches from the palmar 
metacarpal veins, and end in the radial veins 
and the superficial veins on the dorsum of 
the wrist. 


DEEP VEINS OF THE FOREARM 


The deep veins of the forearm are the 
venae comitantes of the radial and ulnar ar- 
teries and constitute the vessels into which 
the palmar venous arches flow. The deep 
venous palmar arch drains principally into 
the radial veins, while the superficial venous 
palmar arch drains into the ulnar veins. The 
radial and ulnar venae comitantes all unite 
at the bend of the elbow to form the brachial 
veins (Fig. 9-26). The radial veins are smaller 
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Fic. 9-26. The deep veins of the upper forearm and 
lower arm in the left upper limb. 


than the ulnar, and also receive the dorsal 
metacarpal veins. The ulnar veins also re- 
ceive small tributaries from the deep palmar 
venous arch and communicate with the su- 
perficial veins at the wrist. Near the elbow 
the ulnar veins receive the anterior and pos- 
terior interosseous veins and send a large 
communicating branch to the median cubi- 
tal vein. 


BRACHIAL VEINS 


The two brachial veins are placed on the 
medial and lateral sides of the brachial ar- 
tery, and receive tributaries that correspond 
to the branches given off by the artery 
(Fig. 9-26). Near the lower margin of the sub- 
scapularis muscle, they join the axillary 
vein. The medial brachial vein frequently 
flows into the basilic vein. During the re- 
mainder of its ascent into the axillary vein. 
the basilic vein takes the place of the medial 
brachial accompanying vein. These deep 


and ulnar veins 


veins have numerous anastomoses, not only 
with each other, but also with the superficial 
veins. 


AXILLARY VEIN 


The axillary vein begins at the junction of 
the basilic and brachial veins, which is lo- 
cated usually near the lower border of the 
teres major muscle, and it ends at the outer 
border of the first rib, where it becomes the 
subclavian vein (Fig. 9-27). In addition to the 
tributaries that correspond to the branches 
of the axillary artery, it receives the cephalic 
vein near its termination. It hes on the me- 
dial side of the artery, which it partly over- 
laps. Between the two vessels are the medial 
cord of the brachial plexus, the median, the 
ulnar, and the medial pectoral nerves. Adja- 
cent to the axillary vein are the medial 
brachial and antebrachial cutaneous nerves, 
and closely related to the axillary neurovas- 
cular bundle are the lateral axillary lymph 
nodes. The axillary vein is provided with a 
pair of valves opposite the distal border of 
the subscapularis muscle, and valves also 
are found at the ends of the cephalic and 
subscapular veins. 
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SUBCLAVIAN VEIN 


The subclavian vein is the continuation of 
the axillary vein, and it extends from the lat- 
eral border of the first rib to the sternal end 
of the clavicle, where it unites with the inter- 
nal jugular vein and forms the brachioce- 
phalic vein. It is in relation anteriorly with 
the clavicle and subclavius muscle, and pos- 
teriorly and superiorly with the subclavian 
artery, from which it is separated medially 
by the anterior scalene muscle, and on the 
right side, by the phrenic nerve. Inferiorly it 
rests in a depression on the first rib and on 
the pleura. It usually is provided with a pair 
of valves that are situated about 2.5 cm from 
its termination. The subclavian vein occa- 
sionally ascends in the neck to the level of 
the third part of the subclavian artery, and at 
times passes with this vessel behind the an- 
terior scalene muscle. 

TRIBUTARIES OF THE SUBCLAVIAN VEIN. The 
subclavian vein usually receives only the 
external jugular vein, but sometimes it also 
receives the anterior jugular vein, and occa- 
sionally also a small tributary from the ce- 
phalic vein, which ascends ventral to the 
clavicle. At its angle of junction with the in- 
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Fic. 9-27. The veins of the right axilla, showing their relationship to the axillary artery and some of the nerves and 
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ternal jugular, the left subclavian vein re- 
ceives the thoracic duct, and the right sub- 
clavian vein receives the right lymphatic 
duct. 


VEINS OF THE THORAX 


The special vein of the thorax that drains 
the blood from the thoracic wall and inter- 
costal spaces is the azygos vein (Fig. 9-28). It 
is the first tributary of the superior vena 
cava, joining the latter as it passes ventral to 
the root of the lung. The other principal trib- 
utaries of the superior vena cava are the 
brachiocephalic veins, two large collecting 
trunks that receive blood from the head, 
neck, and upper limbs (Fig. 9-28). 

Because the anatomy of the superior vena 
cava, pulmonary veins, and cardiac veins 
has already been discussed, only the follow- 
ing veins of the thorax, which contribute 
blood to the superior vena cava, will be de- 
scribed at this point: 


Azygos 
Brachiocephalic 
Right brachiocephalic 
Left brachiocephalic 
Internal thoracic 
Inferior thyroid 
Superior intercostal 
Veins of the vertebral column 


Azygos Vein 


The azygos vein in the adult is the vessel 
that persists from the fetal right posterior 
cardinal and right supracardinal veins (Figs. 
9-1; 9-2). It usually commences opposite the 
first or second lumbar vertebra by a union of 
the ascending lumbar vein and the right sub- 
costal vein, but it also may be joined at times 
by a tributary from the right renal vein, or a 
tributary from the inferior vena cava (Fig. 9- 
28). The azygos vein may enter the thorax 
through the aortic hiatus of the diaphragm, 
or it may pass into the thorax separately, 
through or behind the right crus of the dia- 
phragm. It then ascends along the right side 
of the vertebral column to the fourth thoracic 
vertebra, where it arches anteriorly over the 
root of the right lung, and ends in the supe- 
rior vena Cava, just before that vessel pierces 
the pericardium. When the azygos vein tra- 
verses the aortic hiatus, it lies on the right 
side of the aorta, with the thoracic duct. In 


the thorax it lies on the right posterior inter- 
costal arteries, to the right of the aorta and 
thoracic duct, and is partly covered by 
pleura. 

TRIBUTARIES OF THE AZYGOS VEIN. The azy- 


gos vein receives the following tributaries: 


Right superior intercostal vein 

Right fifth to eleventh posterior intercostal 
veins 

Right subcostal vein 

Hemiazygos vein 

Accessory hemiazygos vein 

Esophageal, mediastinal, and pericardial 
veins 


A few imperfect valves are found in the azy- 
gos vein, but the valves of its tributaries are 
complete. 


RIGHT SUPERIOR INTERCOSTAL VEIN 


Generally the right first intercostal vein 
drains into the right brachiocephalic vein or 
into one of its tributaries, such as the verte- 
bral vein or the right subclavian vein. The 
second, third, and fourth right intercostal 
veins (and sometimes also the first) join to 
form a single trunk, called the right superior 
intercostal vein, which usually empties into 
the azygos vein as the latter arches over the 
hilum of the right lung. As will be described, 
the left superior intercostal vein drains into 
the left brachiocephalic vein. 


RIGHT FIFTH TO ELEVENTH 
POSTERIOR INTERCOSTAL VEINS 


The right fifth to eleventh posterior inter- 
costal veins drain directly into the azygos 
vein at their respective segmental levels 
(Fig. 9-28). The posterior intercostal veins 
are so named to distinguish them from the 
anterior intercostal veins, which are tribu- 
taries of the internal thoracic veins. Accom- 
panying the intercostal arteries (one in each 
intercostal space), the intercostal veins lie 
along the upper border of the space, in a 
groove along the lower margin of the rib and 
in a position superior to the artery. Each 
vein receives a dorsal tributary from the 
muscles and cutaneous area of the back, and 
a spinal tributary that anastomoses with the 
plexuses of the vertebral column and spinal 
cord. The posterior intercostal veins also 
anastomose with the anterior veins of the 
internal thoracic, and with the lateral tho- 
racic or thoracoepigastric veins. 
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Fic. 9-28. The venae cavae and azygos veins, with their tributaries. This pattern shows an expanded left superior 
intercostal vein, no accessory hemiazygos vein, and the left seventh posterior intercostal vein (not labeled) draining 


directly into the azygos vein. 


828 


RIGHT SUBCOSTAL VEIN 


The right subcostal vein corresponds to 
the twelfth intercostal vein. It commences in 
the anterior abdominal wall on the right side 
and courses posteriorly around the trunk 
along the lower border of the twelfth rib. 
Dorsally. as it approaches the right lateral 
side of the body of the first lumbar vertebra, 
the right subcostal vein usually joins the 
right ascending lumbar vein to form the azy- 
gos vein. The left subcostal vein usually 
joins the hemiazygos vein. 


HEMIAZYGOS VEIN 


The hemiazvgos vein is even more variable 
in its origin than the azygos vein, but most 
frequently it begins by the junction of the 
left subcostal vein and the ascending lumbar 
vein (Fig. 9-28). Either of these two vessels 
alone. however. may form the origin of the 
hemiazygos vein. It then enters the thorax 
through the left crus of the diaphragm with 
the left greater splanchnic nerve, but it may 
go through the aortic hiatus. Ascending on 
the left side of the vertebral column as high 
as the ninth thoracic vertebra, the hemiazygos 
vein passes horizontally across the vertebral 
column, dorsal to the aorta, esophagus, and 
thoracic duct, and ends in the azygos vein. It 
receives the caudal four or five left posterior 
intercostal veins. the subcostal vein of the 
left side, and some esophageal and mediasti- 
nal veins. 


ACCESSORY HEMIAZYGOS VEIN 


The accessory hemiazygos vein descends 
on the left side of the vertebral column. Typ- 
ically, it receives the fourth to the eighth 
left posterior intercostal veins, and either 
crosses the body of the eighth thoracic verte- 
bra to join the azygos vein or ends in the 
hemiazygos vein. It varies inversely in size 
with the left superior intercostal vein; when 
it is small, or altogether wanting. the left 
superior intercostal vein may extend as low 
as the fifth or sixth intercostal space. 


CLINICAL NOTE. During obstruction of the inferior 
vena cava, the azygos and hemiazygos veins, as well 
as the vertebral veins, form importart routes by 
which venous blood can be returned to the heart. 
These veins connect the superior and inferior venae 
cavae and communicate below with the common 
iliac veins via the ascending lumbar veins and with 
many of the tributaries of the inferior vena cava. 


ESOPHAGEAL, MEDIASTINAL AND PERICARDIAL VEINS 


Esophageal veins, draining the thoracic 
portion of the esophagus, open into the azy- 
gos and hemiazygos veins. These veins anas- 
tomose with upper esophageal vessels that 
drain into the left brachiocephalic vein, and 
with lower esophageal veins that also com- 
municate with branches from the left gas- 
tric vein. Many small posterior mediastinal 
veins drain into the azygos and hemiazygos 
veins. In addition to draining into the inter- 
nal thoracic and inferior phrenic veins, the 
pericardial veins communicate with the azy- 
gos and hemiazygos veins. 


BRONCHIAL VEINS 


There are usually two bronchial veins on 
each side, and these vessels return blood 
from the structures at the roots of the lungs. 
The right bronchial veins open into the azy- 
gos vein near its termination, while the left 
bronchial veins drain into the left superior 
intercostal or the accessory hemiazygos 
vein. A large quantity of the blood that is 
carried to the lungs through the bronchial 
arteries is returned to the left side of the 
heart through the pulmonary veins. 


Brachiocephalic Veins 


The brachiocephalic veins are two large 
trunks, right and left, located one on each 
side of the root of the neck (Fig. 9-28). They 
are formed by the junction of the internal 
jugular and subclavian veins of the corre- 
sponding side, and they terminate by uniting 
to form the superior vena cava. Because the 
superior vena Cava is situated toward the 
right, the left brachiocephalic vein is longer 
than the right. 


RIGHT BRACHIOCEPHALIC VEIN 


The right brachiocephalic vein is a short 
vessel, about 2.5em in length, that begins 
behind the sternal end of the clavicle (Figs. 
9-8; 9-28). It passes almost vertically down- 
ward and joins the left brachiocephalic vein 
to form the superior vena cava just below 
the cartilage of the first rib, close to the right 
border of the sternum. The right brachioce- 
phalic vein lies anterior and to the right of 
the brachiocephalic artery; on its right side 
are the phrenic nerve and the pleura, which 


are interposed between it and the apex of 
the lung. This vein, at its commencement, 
receives the right vertebral vein, and more 
caudally, the right internal thoracic and 
right inferior thyroid veins, and occasionally 
the vein from the first intercostal space. 


LEFT BRACHIOCEPHALIC VEIN 


The left brachiocephalic vein measures 
about 6cm in length. From deep to the ster- 
nal end of the left clavicle, it courses ob- 
liquely downward and to the right, behind 
the upper half of the manubrium sterni (Fig. 
9-28). At the sternal end of the first right cos- 
tal cartilage, it unites with the right brachio- 
cephalic vein to form the superior vena 
cava. It is separated from the manubrium 
sterni by the sternohyoid and sternothyroid 
muscles, the thymus or its remains, and 
some loose areolar tissue. Dorsal to the left 
brachiocephalic vein are the large brachio- 
cephalic, left common carotid, and left sub- 
clavian arteries which arise from the aortic 
arch. Also behind the vein are the trachea 
and the left vagus and phrenic nerves. At 
times the brachiocephalic vein courses more 
superiorly and lies in the root of the neck at 
the level of the jugular notch. 

TRIBUTARIES OF THE BRACHIOCEPHALIC 
veins. Both brachiocephalic veins receive 
as tributaries the vertebral, the internal tho- 
racic, and the inferior thyroid veins. The left 
brachiocephalic vein also receives the left 
superior intercostal veins, and occasionally 
some thymic and pericardiac veins. The 
right brachiocephalic vein may receive the 
vein from the first intercostal space. Because 
the vertebral vein was described with the 
deep veins of the neck, the following vessels 
will be considered now also: 


Internal thoracic vein 
Inferior thyroid veins 
Superior intercostal veins 


Internal Thoracic Veins 


On each side the internal thoracic vein is 
the accompanying vein of the internal tho- 
racic artery, and it receives tributaries corre- 
sponding to the branches of the artery (Fig. 
9-28). Uniting to form a single trunk just 
below the manubriosternal joint, the inter- 
nal thoracic vein ascends on the medial side 
of its artery and opens into the correspond- 
ing brachiocephalic vein. The pericardiaco- 
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phrenic vein, which accompanys the peri- 
cardiacophrenic artery, usually flows into 
the internal thoracic vein. 


Inferior Thyroid Veins 


Usually there are at least two, but fre- 
quently three or four, inferior thyroid veins. 
These arise in the venous plexus of the thy- 
roid gland and communicate with the mid- 
dle and superior thyroid veins (Fig. 9-28). At 
the level of the jugular notch, they form a 
plexus anterior to the trachea and deep to 
the sternothyroid muscles. From this plexus 
a left inferior thyroid vein descends and 
joins the left brachiocephalic vein, and a 
right vein passes obliquely downward and 
to the right across the brachiocephalic ar- 
tery, and opens into the right brachioce- 
phalic vein, close to its junction with the 
superior vena cava. Sometimes both inferior 
thyroid veins open by a common trunk, ei- 
ther into the left brachiocephalic vein or 
into the superior vena cava. The inferior thy- 
roid veins drain the esophageal, tracheal, 
and inferior laryngeal veins, and are pro- ~ 
vided with valves at their terminations. 


Superior Intercosta! Veins 


The right and left superior intercostal 
veins drain blood from the upper two or 
three intercostal spaces. The right superior 
intercostal vein passes downward and opens 
into the azygos vein. The left superior inter- 
costal vein runs across the arch of the aorta 
and the origins of the left subclavian and left 
common carotid arteries, and opens into the 
left brachiocephalic vein (Fig. 9-28). It usu- 
ally receives the left bronchial vein, and 
sometimes the left pericardiacophrenic vein. 
It has a prominent anastomosis with the ac- 
cessory hemiazygos vein, and when the lat- 
ter is missing, it drains all the upper left 
spaces. 


Veins of the Vertebral Column 


The veins that drain blood from the verte- 
bral column, some adjacent musculature, 
and the meninges of the spinal cord form 
intricate plexuses that extend along the en- 
tire length of the column. These plexuses 
may be divided into two groups, external 
and internal, according to whether they are 
located outside or within the vertebral canal. 
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Fic. 9-29. Transverse section through the body of a thoracic vertebra, showing the vertebral venous plexuses. (After 


Netter.) 


The plexuses of the two groups anastomose 
freely with each other and terminate in the 
intervertebral veins. The plexuses and veins 
of the vertebral system are: 


External vertebral venous plexuses 
Internal vertebral venous plexuses 
Basivertebral veins 

Intervertebral veins 

Veins of the spinal cord 


EXTERNAL VERTEBRAL VENOUS PLEXUSES 


The external vertebral venous plexuses 
are best developed in the cervical region and 
consist of anterior and posterior plexuses 
which anastomose freely with each other 
(Figs. 9-29; 9-30). The anterior external plex- 
uses lie ventral to the bodies of the verte- 
brae, communicate with the basivertebral 
and intervertebral veins, and receive tribu- 
taries from the bodies of the vertebrae. The 
posterior external plexuses are placed 
partly on the dorsal surface of the vertebral 
arches and their processes, and partly be- 
tween the deep dorsal muscles. In the cervi- 
cal region the external vertebral plexuses 


anastomose with the vertebral, occipital, 
and deep cervical veins. More inferiorly 
along the vertebral column, the external 
plexuses anastomose with the posterior in- 
tercostal veins of the thorax and with the 
lumbar veins of the posterior abdominal 
wall. 


INTERNAL VERTEBRAL VENOUS PLEXUSES 


The internal vertebral venous plexuses lie 
within the vertebral canal between the dura 
mater and the vertebrae, and receive tribu- 
taries from the bones and the spinal cord 
(Figs. 9-29; 9-30). They form a closer network 
than the external plexuses, and course 
mainly in a vertical direction, forming four 
longitudinal veins, two anterior and two 
posterior. The anterior internal plexuses 
consist of two large veins that lie along the 
posterior surface of the vertebral bodies and 
intervertebral discs on each side of the pos- 
terior longitudinal ligament. Under cover of 
this ligament, they are connected by trans- 
verse branches into which the basivertebral 
veins open. The two posterior internal plex- 
uses are placed on each side of the midline 
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Fic. 9-30. Median sagittal section of three thoracic vertebrae, showing the vertebral venous plexuses. 
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ventral to the vertebral arches and ligamenta 
flava, and they anastomose by veins that 
pass through these ligaments with the poste- 
rior external plexuses. The anterior and pos- 
terior plexuses communicate freely with 
each other within the vertebral canal by a 
series of venous rings, one opposite each 
vertebra. Around the foramen magnum, the 
internal plexuses form an intricate network 
that opens into the vertebral veins and is 
connected above with the occipital and sig- 
moid sinuses, the basilar plexus, the condy- 
lar emissary vein, and the venous plexus in 
the hypoglossal canal. 


BASIVERTEBRAL VEINS 


The basivertebral veins emerge from the 
foramina on the dorsal surface of the verte- 
bral bodies (Figs. 9-29; 9-30). They are thin- 
walled vessels contained in large, tortuous 


channels in the cancellous tissue of the bod- 
ies of the vertebrae, similar in every respect 
to those found in the diploé of the cranial 
bones. They communicate through small 
openings anteriorly and laterally on the bod- 
ies of the vertebrae with the anterior exter- 
nal vertebral plexuses. They also converge 
posteriorly in the vertebral canal as single or 
doubled vessels that join the transverse 
branches uniting the anterior internal verte- 
bral plexuses. The openings of the basiverte- 
bral veins are valved, and these vessels be- 
come greatly enlarged in advanced age. 


INTERVERTEBRAL VEINS 


The intervertebral veins accompany the 
spinal nerves through the intervertebral fo- 
ramina (Figs. 9-29; 9-30). They receive blood 
from the veins of the spinal cord, drain the 
internal and external vertebral plexuses, 
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and flow into the vertebral, posterior inter- 
costal, lumbar, and lateral sacral veins: their 
orifices are provided with valves. 


VEINS OF THE SPINAL CORD 


The veins of the spinal cord are situated in 
the pia mater, within which they form a tor- 
tuous venous plexus. They emerge chiefly 
from the median fissures of the cord and are 
largest in the lumbar region. In this plexus 
there are two median longitudinal spinal 
veins, one in front of the anterior median fis- 
sure and the other behind the posterior me- 
dian sulcus of the cord. Additionally, there 
are two anterolateral and two posterolateral 
longitudinal spinal veins that course along 
the outer surface of the cord, deep to the 
dorsal and ventral roots. They drain into the 
intervertebral veins. Near the base of the 
skull they unite and form two or three small 
trunks. These communicate with the verte- 
bral veins and then end in the inferior cere- 
bellar veins or in the inferior petrosal si- 
nuses. 


CLINICAL CONSIDERATIONS. Batson (1940) dis- 
covered that the venous plexuses of the vertebral 
column constitute a system that parallels the caval 
system, and that if he injected a radiopaque sub- 
Stance into the dorsal vein of the penis in a cadaver, 
the substance found its way readily into the veins of 
the entire vertebral column, the skull, and the inte- 
rior of the cranium. The material drained from the 
dorsal vein of the penis into the prostatic plexus and 
then followed communications with the veins of the 
sacrum, ilium, lumbar vertebrae, upper femur, and 
the venae vasorum of the large femoral blood ves- 
sels, without traversing the main caval tributaries. 
Similarly, material injected into a small breast vein 
found its way into the veins of the clavicle, the inter- 
costal veins, the head of the humerus, cervical verte- 
brae, and dural sinuses, without following the caval 
paths. Radiopaque material injected into the dorsal 
vein of the penis of an anesthetized monkey drained 
into the caval system when the animal was undis- 
turbed, but if its abdomen was put under pressure, 
simulating the increased intra-abdominal pressure of 
coughing or straining, the material drained into the 
veins of the vertebrae. 

There are certain instances in which metastases 
from peivic organ tumors appear earlier in the pelvic 
bones, bodies of vertebrae, and central nervous sys- 
tem regions than in the lungs. According to Batson, 
this occurs during periods of increased abdomino- 
pelvic pressure (Such as coughing, urination, and 
defecation), when considerable blood returns 
through the vertebral plexuses rather than through 
the inferior caval system. 


Inferior Vena Cava 
and its Tributaries 


Draining into the inferior vena cava are 
most of the veins of the abdomen and pelvis 
and all of the veins of the lower extremities. 
Certain veins that receive blood from the 
lower anterior abdominal wall (inferior epi- 
gastric vein, superficial epigastric vein, ex- 
ternal pudendal vein, and superficial cir- 
cumflex iliac vein) drain inferiorly into the 
femoral or great saphenous vein, and 
thereby achieve the inferior vena cava. 
However, the superficial and deep veins, 
which drain the upper anterior abdominal 
and thoracic wall (superior epigastric vein, 
lateral thoracic vein), as well as the ascend- 
ing lumbar veins that drain the posterior 
abdominal wall, flow into tributaries that 
drain into the superior vena cava. 


INFERIOR VENA CAVA 


The inferior vena cava returns blood from 
structures below the diaphragm to the right 
atrium of the heart (Fig. 9-31). It is formed by 
the junction of the two common iliac veins, 
anterior and slightly to the right of the body 
of the fifth lumbar vertebra. It ascends in 
front of the vertebral column, on the right 
side of the aorta, and when it reaches the 
liver, it lies in a groove on the dorsal surface 
of that organ. The inferior vena cava then 
perforates the diaphragm between the me- 
dian and right portions of its central tendon. 
Subsequently, it inclines ventrally and me- 
dially for about 25cm, and after piercing 
the fibrous pericardium, it becomes covered 
by a reflection of serous pericardium and 
opens into the right atrium near the level of 
the ninth thoracic vertebra. Anterior to its 
atrial orifice is a semilunar valve, the valve 
of the inferior vena cava, which is rudimen- 
tary in the adult but is large and exercises an 
important function in the fetus. 


RELATIONS OF THE INFERIOR VENA Cava. [he ab- 
dominal portion of the inferior vena cava is overlaid 
anteriorly at its Commencement by the right com- 
mon ihac artery. It is crossed by the root of the mes- 
entery and by the right ovarian or testicular artery. It 
is covered anteriorly by peritoneum in its ascent 
along the posterior abdominal wall as far as the hori- 
zontal (third) part of the duodenum. Losing its peri- 
toneum, the inferior vena cava courses behind the 
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horizontal part of the duodenum, as well as behind 
the head of the pancreas, the superior (first) part of 
the duodenum, the common bile duct, and the por- 
tal vein. Behind the hilum of the liver, it is again 
briefly covered by peritoneum until it achieves the 
posterior surface of the liver, which then partly over- 
laps and occasionally completely surrounds it. Pos- 
terior to the inferior vena cava are the bodies of the 
upper four lumbar vertebrae, the right psoas major 
muscle, the right crus of the diaphragm, the right 
inferior phrenic, suprarenal, renal, and lumbar ar- 
teries, right sympathetic trunk and right celiac gan- 
glion, and the medial part of the right suprarenal 
gland. On the right side, the inferior vena cava is 
related to the right kidney and ureter (Fig. 9-31), 
while on the /eft side it is related to the aorta, right 
crus of the diaphragm, and the caudate lobe of the 
liver. 

The thoracic portion is only about 2.5 cm in 
length and is situated partly inside and partly outside 
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Inferior phrenic arteries 
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The inferior vena cava and some of its tributaries. 


the pericardial sac. The extrapericardia/ part of the 
inferior vena cava is Separated from the right pleura 
and lung by the phrenic nerve and by a fibrous band, 
the right phrenicopericardiac ligament. This liga- 
ment, often feebly marked, is attached to the margin 
of the caval opening in the diaphragm and to the 
pericardium at the root of the right lung. The sntra- 
pericardiac part of the inferior vena cava is short, 
and is covered by the serous layer of the pericar- 
dium. 

VARIATIONS IN THE INFERIOR VENA CAVA. Because 
the inferior vena cava is formed by a rather complex 
series of developmental changes, it is not surprising 
that it has many structural anomalies. Cases have 
been reported in which there is an absence of the 
hepatic or prerenal part of the inferior vena cava. 
This results from the failure of the tributaries of the 
right subcardinal vein to join the veins of the liver 
between the fifth and sixth prenatal week. In these 
instances, the postrenal part of the inferior vena 
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Cava joins the azygos or hemiazygos vein, which is 
then large. Thus, except for the hepatic veins, which 
pass directly to the right atrium, the superior vena 
cava receives all of the blood from the body before 
transmitting it to the right atrium. 

More frequently, however, anomalies of the infe- 
rior vena cava involve the postrenal portion. These 
include double inferior vena cava, which results 
from persistence of the left subcardinal vein; per- 
sistent left inferior vena cava, with the absence of 
the right vessel; preureteral inferior vena cava, in 
which the right ureter passes behind and around the 
inferior vena Cava to reach the bladder; and persist- 
ent renal collar, which is seen in cases of double 
venae Cavae and involves two left renal veins inter- 
connecting the venae cavae, one passing in front of 
and the other behind the aorta to form a ring (Gray 
and Skandalakis, 1972). 

COLLATERAL CIRCULATION. The inferior vena cava 
below the renal arteries is sometimes ligated be- 
cause of thrombosis. Channels of anastomosis for 
collateral circulation under these circumstances in- 
clude the following: (1) the vertebral veins, (2) anas- 
tomoses between the lumbar veins of the inferior 
vena caval system and the ascending lumbar of the 
azygos system, (3) anastomoses between the supe- 
rior, middle, and inferior rectal veins, (4) the 
thoracoepigastric vein, which connects the superfi- 
cial inferior epigastric with the lateral thoracic vein, 
and (5) several anastomoses between vessels in the 
portal system of veins with vessels in the superior 
vena Caval system, including left gastric-esophageal 
anastomosis and anastomosis between hepatic and 
diaphragmatic vessels along the bare area of the 
liver. 


VEINS OF THE ABDOMEN 


The veins of the abdomen flow directly 
into the inferior vena cava, or achieve the 
inferior vena cava indirectly by draining 
into the portal system of veins that courses 
through the liver and out the hepatic veins to 
the inferior vena cava. Thus, the abdominal 
veins will be described under two headings: 
the parietal and posterior abdominal vis- 
ceral veins, and the portal system of veins. 


Parietal and Posterior 
Abdominal Visceral Veins 


The inferior vena cava receives blood 
from the two common iliac veins and from 
the following vessels: 


Lumbar 
Testicular 
Ovarian 


Renal 
Suprarenal 
Inferior phrenic 
Hepatic 


LUMBAR VEINS 


The lumbar veins, four on each side, col- 
lect blood by dorsal tributaries from the 
muscles and integument of the lumbar re- 
gion of the back, and by abdominal tributar- 
ies from the walls of the abdomen, where 
they communicate with the epigastric veins. 
Adjacent to the vertebral column, they re- 
ceive veins from the vertebral plexuses, and 
then pass anteriorly around the sides of the 
bodies of the vertebrae, posterior to the 
psoas major muscle, and end in the dorsal 
part of the inferior vena cava. The left lum- 
bar veins are longer than the right, and pass 
behind the aorta to reach the inferior vena 
cava. The lumbar veins are connected by a 
longitudinal vein, called the ascending lum- 
bar vein (Fig. 9-28), which passes anterior to 
the transverse processes of the lumbar verte- 
brae. It is most frequently the origin of the 
azygos vein on the right side and of the 
hemiazygos vein on the left. These vessels 
provide anastomoses between the common 
iliac and iliolumbar veins of the inferior 
vena caval system, and between the azygos 
and hemiazygos veins of the superior vena 
caval system. 


TESTICULAR VEINS 


The testicular veins emerge from the back 
of the testis, receive tributaries from the epi- 
didymis, and unite to form a convoluted 
mass of vessels called the pampiniform 
plexus, which constitutes the greater part of 
the spermatic cord (Fig. 9-32). The numerous 
vessels composing this plexus ascend along 
the cord, anterior to the ductus deferens. Just 
below the superficial inguinal ring, the ves- 
sels unite to form three or four veins that 
pass along the inguinal canal. Entering the 
abdomen through the deep inguinal ring, the 
veins coalesce to form two vessels that as- 
cend on the psoas major. Under cover of the 
peritoneum and lying on either side of the 
testicular artery, the two veins unite to form 
a single testicular vein on each side. The 
right testicular vein opens into the inferior 
vena Cava at an acute angle, while the left 
testicular vein flows into the left renal vein 
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Fig. 9-32. Testicular veins. (From Testut.) 


at a right angle (Figs. 9-28; 9-31). The testicu- 
lar veins are provided with valves. The left 
testicular vein passes behind the lower por- 
tion of the descending colon, and thus is 
exposed to pressure from the contents of 
that part of the bowel. The right testicular 
vein passes behind the distal part of the 
ileum and the horizontal or third part of the 
duodenum on its path to the inferior vena 
Cava. 


OVARIAN VEINS 


The ovarian veins correspond to the testic- 
ular veins in the male. Each forms a plexus 
in the broad ligament near the ovary and 
uterine tube, which communicates freely 
with the uterovaginal plexus of veins. From 
the ovarian plexus in the broad ligament on 
each side emerge at least two vessels which 
unite to form a single vein. These terminate 
in a manner similar to that of the testicular 
veins, the right ovarian vein opening into the 


inferior vena cava, and the left ovarian vein 
flowing into the left renal vein. Valves are 
usually found in these veins, especially near 
their junctures with the inferior vena Cava 
and left renal vein. Like the uterine veins, 
the ovarian veins become much enlarged 
during pregnancy. 


RENAL VEINS 


The renal veins are large and pass anterior 
to the renal arteries (Figs. 9-28; 9-31). The left 
renal vein is longer (8.5cm) than the right 
(3.5 cm), and it passes in front of the aorta, 
just below the origin of the superior mesen- 
teric artery. It receives the left testicular (or 
Ovarian) and left inferior phrenic veins, and 
usually the left suprarenal vein. The left 
renal vein, due to the more superior position 
of the left kidney, opens into the inferior 
vena cava at a slightly higher level than the 
right renal vein. The short, thick right renal 
vein courses medially to the inferior vena 
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cava behind the descending (second) part of 
the duodenum. At times it sends a communi- 
cating tributary that helps to form the origin 
of the azvgos vein. 


SUPRARENAL VEINS 


Usually a single suprarenal vein emerges 
from each suprarenal gland, even though 
multiple arteries supply the glands (Fig. 9- 
28). The short right suprarenal vein passes 
transversely and opens directly into the infe- 
rior vena cava on its posterior aspect, while 
the longer left suprarenal vein courses 
inferomedially, behind the body of the pan- 
creas, and opens into the left renal vein from 
above. 


INFERIOR PHRENIC VEINS 


The inferior phrenic veins follow the 
course of the inferior phrenic arteries along 
the inferior surface of the diaphragm. The 
right vein ends in the inferior vena cava, 
while the left vein is represented by two 
branches, one of which opens into the left 
renal or suprarenal vein, and the other of 
which passes anterior to the esophageal hia- 
tus in the diaphragm and empties into the 
inferior vena cava. 


HEPATIC VEINS 


The hepatic veins commence in the sub- 
stance of the liver by the coalescence of 
many hepatic sinusoids in the center of the 
hepatic lobules to form the central or intra- 
lobular veins. These latter vessels, as they 
leave the hepatic lobules, join one another to 
form the sublobular veins, which are the 
tributaries to the hepatic veins. The hepatic 
veins become arranged in two groups and 
emerge from the posterior surface of the 
liver to flow into the inferior vena cava. The 
upper group usually consists of three large 
veins: left, middle, and right. These converge 
toward the posterior surface of the liver and 
open into the inferior vena cava, which 
courses along its groove on the dorsal part of 
the liver (Figs. 9-28; 9-31). The veins of the 
lower group vary in number, are small, and 
come from the right and caudate lobes. The 
tributaries that form these hepatic veins run 
singly, are in direct contact with the hepatic 
tissue, and do not contain valves. 


Portal System of Veins 


The portal system (Fig. 9-33) includes all 
of the veins that drain blood from the ab- 
dominal part of the digestive tube (except 
the lower part of the rectum) and from the 
spleen, pancreas, and gallbladder. From 
these, visceral blood is conveyed to the liver 
by the portal vein. In the liver this vein rami- 
fies like an artery and ends in capillary-like 
vessels termed sinusoids, from which the 
blood is conveyed to the inferior vena cava 
by the hepatic veins. Thus, the blood in the 
portal svstem passes through two sets of 
minute vessels that allow an exchange of 
substances: (a) the capillaries of the diges- 
tive tube, spleen, pancreas, and gallbladder, 
and (b) the sinusoids of the liver. In the adult, 
the portal vein and its tributaries do not 
have valves, but in the fetus and for a short 
time after birth, valves can be demonstrated 
in the tributaries of the portal vein. As a rule 
these valves soon atrophy and disappear, 
but in some subjects their remnants can still 
be observed. 


PORTAL VEIN 


The portal vein, about 8cm in length, is 
formed at the level of the second lumbar 
vertebra, anterior to the inferior vena cava 
and behind the neck of the pancreas, by the 
junction of the superior mesenteric and sple- 
nic veins (Fig. 9-33). It passes behind the su- 
perior or first part of the duodenum and then 
ascends in the right border of the lesser 
omentum to the right portion of the porta 
hepatis. At this point it divides into a right 
and a left branch, each accompanying the 
corresponding branches of the hepatie ar- 
tery into the substance of the liver. Within 
the lesser omentum, the portal vein lies pos- 
terior to the common bile duct and the he- 
patic artery, positioned in a plane between 
the two structures, with the duet oriented 
more to the right and the artery to the left. 
The portal vein is surrounded by the hepatic 
plexus of nerves, and is accompanied by 
numerous lymphatic vessels and some 
lymph nodes. The right branch of the portal 
vein courses almost transversely to the right 
at the porta hepatis, and generally receives 
the cystic vein from the gallbladder before 
entering the right lobe of the liver. The left 
branch is longer but of smaller caliber than 
the right. It ascends more vertically in the 


porta hepatis, gives branches to the caudate 
and quadrate lobes, and then enters the left 
lobe of the liver. In its ascent, the left branch 
of the portal vein is joined anteriorly by a 
fibrous cord, the ligamentum teres, which 
represents the remains of the obliterated 
umbilical vein. The left branch is also united 
with the left hepatic vein, which then flows 
into the inferior vena cava by a second fi- 
brous cord, the ligamentum venosum, which 
is the remnant of the fetal ductus venosus. 
The fetal umbilical vein is the principal 
channel by which oxygenated blood is re- 
turned to the fetus from the placenta. Blood 
is shunted to the inferior vena cava by 
means of the ductus venosus so that placen- 
tal blood can reach the heart for distribution 
to the rest of the body. 

TRIBUTARIES OF THE PORTAL VEIN. The por- 
tal vein forms at the junction of the splenic 
and superior mesenteric veins, but it also 
directly receives vessels that drain the lesser 
curvature of the stomach and the gallblad- 
der. Additionally, communicating veins 
from the umbilical region of the anterior 
abdominal wall drain into the portal vein. Its 
tributaries include the following: — 


Splenic (lienal) 
Superior mesenteric 
Left gastric 

Right gastric 
Prepyloric 

Cystic 
Paraumbilical 


Splenic Vein 


The splenic (or lienal) vein commences as 
five or six tributaries that return blood from 
the spleen (Fig. 9-33). These unite to form a 
single vessel located medial to the hilum of 
the spleen; initially the vessel lies, with the 
splenic artery and the tail of the pancreas, 
between the leaves of the phrenicosplenic 
(lienorenal) ligament. The splenic vein then 
passes across the posterior abdominal wall, 
anterior to the upper third of the left kidney 
and behind the body of the pancreas, which 
it grooves and from which it receives many 
small veins. In its course it lies caudal to the 
lienal artery, and ends posterior to the neck 
of the pancreas by uniting at a right angle 
with the superior mesenteric vein to form 
the portal vein. The splenic vein is large, but 
is not tortuous like the artery. 
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TRIBUTARIES OF THE SPLENIC VEIN. The 
splenic vein receives the short gastric veins, 
the left gastroepiploic vein, the pancreatic 
veins, and the inferior mesenteric veins. 

Short Gastric Veins. The short gastric 
veins, four or five in number, drain the fun- 
dus and left part of the greater curvature of 
the stomach (Fig. 9-33). These pass between 
the two layers of the gastrosplenic ligament 
and end in the splenic vein or in one of its 
large tributaries. 

Left Gastroepiploic Vein. The left gastro- 
epiploic vein receives tributaries from both 
the ventral and dorsal surfaces of the stom- 
ach and from the greater omentum (Fig. 9- 
33). It courses from right to left along the 
greater curvature of the stomach, with the 
left gastroepiploic artery, and usually flows 
into the splenic vein near its junction with 
the superior mesenteric vein. 

Pancreatic Veins. The pancreatic veins 
consist of several small vessels that drain the 
body and tail of the pancreas and open into 
the trunk of the splenic vein. 

Inferior Mesenteric Vein. The inferior 
mesenteric vein returns blood from the rec- 
tum and from the sigmoid and descending 
parts of the colon (Fig. 9-33). It begins in the 
rectum as the superior rectal vein, with its 
origin in the rectal plexus, and through’ this 
plexus it communicates with the middle and 
inferior rectal veins. The superior rectal vein 
then receives the sigmoid veins and leaves 
the lesser pelvis, accompanied by the supe- 
rior rectal artery. After ascending across the 
common iliac vessels, the superior rectal 
vein receives the large left colic vein, which 
drains the left colic flexure and descending 
colon, and then continues its ascent as the 
inferior mesenteric vein. This vein lies to the 
left of its artery, and ascends under cover of 
the peritoneum, ventral to the left psoas 
major muscle. It then passes behind the 
body of the pancreas and opens into the 
splenic vein. Sometimes (10% of cases) the 
inferior mesenteric vein ends in the angle of 
union of the splenic and superior mesenteric 
veins, or it drains into the superior mesen- 
teric vein. 


Superior Mesenteric Vein 


The superior mesenteric vein returns 
blood from the small intestine, the cecum, 
and the ascending and transverse portions of 
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Cystic vein 
Hepatic artery 
Common bile duct 


Portal vein 


Duodenum 


Superior 
mesenteric vein 


Right colic vein 


Ascending colon 


lleum 











Spleen 


Left gastric vein 
(coronary vein) 


Short gastric 
veins 


Splenic vein 


Left gastroepiploic 
vein 


Pancreas 


Rt. gastroepiploic 
vein 

Ant. sup. pancreatico- 
duodenal vein 


Inferior mesenteric vein 


Descending colon 
Left colic vein 


Jejunum 


Fic. 9-33. The portal vein and its tributaries. Note that the pyloric end of the stomach and the transverse colon have 


been removed to reveal the underlying mesenteric veins. 


the colon (Fig. 9-33). It begins in the right 
iliac fossa by the union of the veins that 
drain the terminal part of the ileum, the 
cecum, and the vermiform appendix, and it 
ascends between the two layers of the mes- 
entery on the right side of the superior mes- 
enteric artery. In its upward course, the su- 
perior mesenteric vein passes in front of the 
right ureter, the inferior vena cava, the hori- 
zontal part of the duodenum, and _ the 
uncinate process of the pancreas. Behind the 
neck of the pancreas it unites with the sple- 
nic vein to form the portal vein. 
TRIBUTARIES OF THE SUPERIOR MESENTERIC 
vein. In addition to the tributaries that cor- 
respond to the branches of the superior mes- 
enteric artery (the jejunal, ileal, ileocolic, 
right colic, and middle colic veins), the supe- 


rior mesenteric vein is joined by the right 
gastroepiploic and the pancreaticoduodenal 
veins. 

Right Gastroepiploic Vein. The right 
gastroepiploic vein receives tributaries from 
the greater omentum, parts of both ventral 
and dorsal surfaces of the stomach, and the 
anterior superior pancreaticoduodenal vein. 
It anastomoses with the left gastroepiploic 
vein and courses from left to right between 
the anterior two layers of the greater omen- 
tum, along the greater curvature of the stom- 
ach (Fig. 9-33). 

Pancreaticoduodenal Veins. The superior 
and inferior pancreaticoduodenal veins cor- 
respond to their accompanying arteries and 
form venous arcades anterior and posterior 
to the head of the pancreas. The anterior 


superior pancreaticoduodenal vein drains 
into the right gastroepiploic vein, while the 
posterior superior pancreaticoduodenal 
vein flows directly into the portal vein (Fig. 
9-33). The anterior and posterior inferior 
usually drain singly or as a common trunk 
into the superior mesenteric vein or its first 
jejunal branch. 


Left Gastric Vein 


The left gastric vein frequently is called 
the coronary vein of the stomach, and it 
courses upward and from right to left along 
the lesser curvature (Fig. 9-33). It lies be- 
tween the two layers of the lesser omentum 
and receives venous tributaries from both 
the anterior and posterior surfaces of the 
stomach. As the left gastric vein reaches the 
esophageal end of the stomach, it receives 
lower esophageal veins and then turns to the 
right and courses inferiorly, behind the peri- 
toneum of the lesser omental sac (lesser 
omentum), and terminates in the portal vein. 


Right Gastric Vein 


The right gastric vein, at times called the 
pyloric vein, is a small vessel coursing be- 
tween the two layers of the lesser omentum, 
along the lesser curvature of the stomach 
with the right gastric artery. It anastomoses 
with the left gastric vein midway along the 
lesser curvature, and it flows toward the 
right to empty most often into the portal 
vein. It may, however, terminate in the supe- 
rior mesenteric vein or even in the right 
gastroepiploic vein. It is frequently joined 
by the prepyloric vein, which drains the 
stomach in the region of the pyloric canal. 


Cystic Veins 


The cystic veins consist of a number of 
small vessels that vary considerably in their 
drainage pattern of the gallbladder. As many 
as six or eight individual vessels flow di- 
rectly along the attached (to the liver) ante- 
rior surface of the organ into the substance 
of the liver. The vessels draining the ex- 
posed serosal or posterior surface join at the 
neck of the gallbladder to form either single 
or double cystic veins (Fig. 9-33). These flow 
along the cystic duct and upward along the 
hepatic ducts and drain into the liver. Inferi- 
orly, they anastomose with veins that drain 
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the common bile duct, and only rarely do the 
cystic veins drain directly into the portal 
vein or its main branches. 


Paraumbilical Veins 


The paraumbilical veins extend along the 
ligamentum teres of the liver and the median 
umbilical ligament. They are small vessels 
that establish an anastomosis between the 
veins of the anterior abdominal wall and the 
portal and internal iliac veins. The best 
marked of these small veins is one that com- 
mences at the umbilicus and courses dor- 
sally and upward, between the layers of the 
falciform ligament along the surface or 
within the ligamentum teres, and ends in the 
left branch of the portal vein. 


COLLATERAL CIRCULATION BETWEEN THE PORTAL 
AND CAVAL VENOUS SYSTEMS. (Clinical Conditions, 
such as cirrhosis of the liver, valvular heart disease, 
or the physical pressure of tumors, may obstruct or 
diminish the portal circulation through the liver. In 
these situations several collateral routes become 
available for the return of portal venous blood: 
(a) Tributaries of the left gastric veins of the portal 
system anastomose with tributaries of the lower 
esophageal veins that drain through the azygos and 
hemiazygos veins into the superior vena cava. 
(ob) The superior rectal branches of the inferior mes- 
enteric vein (portal system) anastomose with the 
middle rectal veins and the inferior rectal branches 
of the internal pudendal veins, which are tributaries 
of the internal iliac veins (inferior vena caval sys- 
tem). (c) In the umbilical region, small venous tribu- 
taries of the portal vein course along the ligamentum 
teres and the falciform ligament. These paraumbilical 
vessels anastomose with the superior epigastric and 
internal thoracic veins (superior vena cava) and with 
the inferior epigastric veins (inferior vena cava). Vari- 
cosities of these paraumbilical veins, radiating from 
the umbilicus, constitute a clinical condition called 
caput medusae. (d) Veins along the surface of the 
bare area of the liver (portal system) anastomose 
with small tributaries of the inferior phrenic veins 
that drain the inferior surface of the diaphragm (infe- 
rior vena cava). (e) Tributaries of intestinal veins that 
course in the roots of the mesenteries (portal system) 
anastomose with tributaries of retroperitoneal veins 
that drain the posterior abdominal wall. 


VEINS OF THE PELVIS AND PERINEUM 


Venous blood from the organs and much 
of the pelvic wall and from the muscles and 
external genitalia in the perineum drains 
into veins that join on each side to form the 
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internal iliac vein. This vessel joins its corre- 
sponding external iliac vein to form the 
common iliac vein. At the junction of the 
right and left common iliac veins, the infe- 
rior vena cava is formed (Figs. 9-28; 9-34). 


Common Iliac Veins 


The common iliac veins, formed by the 
union of the internal and external iliac 
veins, commence anterior to the sacroiliac 
joint. Passing obliquely upward to the right 
side of the aorta and the body of the fifth 
lumbar vertebra, the two common iliac veins 
end by uniting with each other at an acute 
angle to form the inferior vena cava. The 
right common iliac vein is shorter than the 
left, nearly vertical in direction, and ascends 
dorsal and then lateral to its corresponding 
artery. The left common iliac vein is longer 
and more oblique in its course, and is situ- 
ated at first on the medial side of its corre- 
sponding artery and later dorsal to the right 
common iliac artery. Each common iliac 
vein receives the iliolumbar vein, and some- 
times the lateral sacral veins. Additionally, 
the left common iliac vein receives the me- 
dian sacral vein. No valves are found in 
these veins. 


VARIATIONS OF THE COMMON ILIAC VEINS. The 
left common iliac vein, instead of joining the right in 
its usual position, occasionally ascends on the left 
side of the aorta as high as the kidney, where, after 
receiving the left renal vein, it crosses over the aorta 
and joins the right vein to form the inferior vena 
cava. In these bodies, the two common iliacs are 
connected by a small communicating branch at the 
site where usually they are united. This variation rep- 
resents a persisting left posterior cardinal or su- 
pracardinal vein (Fig. 9-1, C and D). 


Iliolumbar Vein 


The iliolumbar vein, coursing on each side 
with its corresponding artery, commences 
superiorly in the lower part of the posterior 
abdominal wall, where it anastomoses with 
the lower lumbar veins, and laterally in the 
iliac fossa just below the iliac crest (Fig. 9- 
34). Its lumbar tributary passes downward 
into the pelvis deep to the psoas major mus- 
cle, while its iliac tributary drains medially 
over the iliacus muscle. The two tributaries 
join to form the iliolumbar vein, which then 
courses inferiorly and medially and empties 
into the lateral aspect of the common iliac 
vein. 


Median Sacral Vein 


The median sacral vein is formed by the 
junction of smaller vessels on each side that 
drain medially within the hollow on the an- 
terior aspect of the sacrum. The vein ascends 
with its accompanying artery nearly in the 
midline and ends in the left common iliac 
vein, sometimes in the angle of junction of 
the two iliac veins. 


INTERNAL ILIAC VEIN 


The internal iliac vein, formerly called the 
hypogastric vein, begins near the upper part 
of the greater sciatic foramen. It passes up- 
ward and backward in the pelvis, slightly 
medial to the corresponding artery. At the 
brim of the pelvis and anterior to the sacroil- 
iac joint, the internal iliac vein joins the ex- 
ternal iliac to form the common iliac vein 
(Fig. 9-34). 

TRIBUTARIES OF THE INTERNAL ILIAC VEIN. 
With the exception of the iliolumbar vein 
which usually joins the common iliac vein, 
the tributaries of the internal iliac vein cor- 
respond to the branches of the internal iliac 
artery. It receives the following: 


Superior gluteal 

Inferior gluteal 

[Internal pudendal 

Obturator 

Lateral sacral 

Middle rectal 

Dorsal veins of penis and clitoris 
Vesical 

Uterine 

Vaginal 


Superior Gluteal Veins 


The superior gluteal veins are venae coii- 
tantes of the superior gluteal artery. They 
receive tributaries corresponding with the 
branches of the artery from the gluteal struc- 
tures, and enter the pelvis above the piri- 
formis muscle through the greater sciatic 
foramen. Frequently the venae comitantes 
unite as a single vessel on each side before 
ending in the internal iliac vein. 


Inferior Gluteal Veins 


The inferior gluteal veins are venae Comi- 
tantes of the inferior gluteal artery. They 
begin on the proximal part of the posterior 
thigh, where they anastomose with the me- 
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FiG. 9-34. The veins in the right half of the male pelvis viewed from the left side. (After Spalteholz.) 
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dial femoral circumflex and first perforating 
veins. Entering the pelvis through the lower 
part of the greater sciatic foramen, below the 
piriformis muscle, they join to form a single 
stem that opens on each side into the distal 
part of the internal iliac vein. 


Internal Pudendal Veins 


The internal pudendal veins are the venae 
comitantes of the internal pudendal artery. 
Venous blood draining the corpora caver- 
nosa penis along the deep dorsal veins usu- 
ally flows directly posteriorly and enters the 
prostatic plexus of veins. From this plexus 
arise the vessels that become the internal 
pudendal veins, accompanying the internal 
pudendal artery from this point and then 
uniting on each side to form a single vessel, 
which ends in the internal iliac vein. At 
times the deep dorsal veins of the penis tend 


to drain laterally, following more closely the 
deep arterial supply to the penis. In these 
instances tributaries of the deep dorsal veins 
themselves form the origin of the internal 
pudendal veins. The internal pudendal veins 
receive tributaries from the crura and bulb 
of the penis, as well as from the scrotal (or 
labial) and inferior rectal veins. Frequently 
the portion of the internal pudendal vein 
that extends from the penis to the opening of 
the pudendal canal in the ischiorectal fossa 
is called the perineal vein. 


Obturator Vein 


The obturator vein begins in the adductor 
region of the thigh and enters the pelvis 
through the upper part of the obturator fora- 
men (Fig. 9-34). It courses dorsally and supe- 
riorly on the lateral wall of the pelvis below 
the obturator artery, then passes between 
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the ureter and the internal iliac artery, and 
ends in the internal iliac vein. 


Lateral Sacral Veins 


The lateral sacral veins accompany the 
lateral sacral arteries on the anterior surface 
of the sacrum and open into the internal iliac 
vein. As the lateral sacral veins ascend along 
the posterolateral pelvic wall, they are 
joined by vessels that emerge through the 
pelvic (anterior) sacral foramina. The veins 
of the two sides anastomose and join in the 
formation of the sacral venous plexus. 


Middle Rectal Vein 


The middle rectal vein originates in the 
rectal plexus and receives tributaries from 
the bladder, prostate, and seminal vesicle 
(Fig. 9-34). It courses laterally on the pelvic 
surface of the levator ani muscle and ends in 
the internal iliac vein. 

RECTAL venous pLexus. The rectal venous 
plexus surrounds the rectum and communi- 
cates anteriorly with the vesical plexus in 
the male or the uterovaginal plexus in the 
female (Fig. 9-34). It consists of two parts, an 
internal rectal plexus in the submucosa, and 
an external rectal plexus outside the muscu- 
lar coat. The internal plexus presents a se- 
ries of dilated pouches that are connected by 
transverse vessels and are arranged in a cir- 
cle around the tubular rectum, immediately 
above the anal orifice. The lower part of the 
external plexus is drained by the inferior 
rectal veins into the internal pudendal vein; 
the middle part drains into the middle rectal 
vein which joins the internal iliac vein; and 
the upper part is drained by the superior 
rectal vein which forms the commencement 
of the inferior mesenteric vein, a tributary of 
the portal vein. A free communication be- 
tween the portal and systemic venous sys- 
tems is established through the rectal plexus. 


CLINICAL CORRELATION. The veins that form the 
internal rectal plexus are contained in very loose 
connective tissue; thus they get less support from 
Surrounding structures than do most other veins, 
and are less capable of resisting increased blood 
pressure. Frequently they become dilated and 
varicosed, forming internal hemorrhoids or piles. 
Varicosities of the external rectal veins also cause 
painful external hemorrhoids. Enlargement of these 
veins Can occur when the portal vein is obstructed or 
in childbearing women. 


Dorsal Veins of the Penis and Clitoris 


On the dorsum of the penis are located 
both superficial and deep veins (Fig. 9-35). 
The superficial dorsal vein drains the pre- 
puce and skin of the penis. It courses proxi- 
mally in the subcutaneous tissue, inclines to 
the right or left, and opens into the corre- 
sponding superficial external pudendal vein, 
a tributary of the great saphenous vein. The 
deep dorsal vein lies beneath the deep fascia 
of the penis, but superficial to the tunica al- 
buginea of the corpora cavernosa. It receives 
blood from the glans penis and from the 
corpora cavernosa by way of the deep veins 
of the penis. It courses proximally in the 
midline between the two dorsal arteries. 
Near the root of the penis it enters the pelvis 
by passing between the two parts of the sus- 
pensory ligament and then through an 
aperture just below the arcuate pubic liga- 
ment of the symphysis pubis. The deep dor- 
sal vein then divides into two branches that 
enter the prostatic plexus, one on each side. 
The deep dorsal vein also anastomoses with 
the internal pudendal vein, distal to the sym- 
physis pubis. 

The dorsal vein of the clitoris drains the 
erectile tissue of that organ and courses 
backward into the pelvis in a manner similar 
to that in the male. It terminates in the ve- 
nous plexus around the bladder, the vesical 
venous plexus. In contrast, the venous blood 
from the vestibular bulb and the other struc- 
tures in the urogenital region of the female, 
along with the tissue within the ischiorectal 
fossa and surrounding the anus, drains back- 
ward and laterally into the internal puden- 
dal veins. Thus, venous blood from most of 
the female perineum enters the pelvis along 
routes comparable to those in the male (Fig. 
9-36). 
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Fic. 9-35. The penis in transverse section, showing the 
blood vessels. 
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Fic. 9-36. The veins of the anal and urogenital regions of the female perineum. 


PROSTATIC VENOUS PLEXUS. The prostatic 


venous plexus lies behind the arcuate pubic 
ligament and the symphysis pubis, and in 
front of the bladder and prostate. Its chief 
tributary is the deep dorsal vein of the penis, 
but it also receives tributaries from the blad- 
der and prostate. It anastomoses with the 
vesical plexus, the internal pudendal vein, 
and the vertebral veins, and drains into the 
vesical and internal iliac veins. The prostatic 
plexus lies partly in the fascial sheath of the 
prostate and partly between the sheath and 
the prostatic capsule. 


Vesical Veins 


The vesical veins envelop the caudal part 
of the bladder and the base of the prostate. 
They form the vesical venous plexus and 
anastomose with the prostatic plexus in the 
male or with the uterine and vaginal plex- 
uses in the female. The vesical venous 
plexus drains by means of several vesical 
veins that frequently unite into one or two 
vessels on each side before entering the in- 
ternal iliac vein. 


Uterine Veins 


A complex network of uterine veins 
courses along the sides of the uterus be- 
tween the two layers of the broad ligament 
(Fig. 9-37). The veins form the uterine ve- 
nous plexuses and anastomose with the 
ovarian and vaginal plexuses. From the infe- 
rior part of the uterine plexuses, at the level 
of the external orifice of the cervix, arises a 
pair of uterine veins on each side. These 
course laterally and posteriorly and open 
into the corresponding internal iliac vein. 


Vaginal Veins 


The venous drainage of the vagina occurs 
by means of vaginal plexuses along the sides 
of the vagina (Fig. 9-37). These are in conti- 
nuity with the uterine plexuses and they also 
communicate with the vesical and rectal 
plexuses. The vaginal plexuses are drained 
by at least one, and at times two vaginal 
veins on each side that flow into the internal 
iliac veins either directly or through connec- 
tions with the internal pudendal veins. 
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Fic. 9-37. The blood vessels of the female pelvis, showing the chief source of blood supply to the uterus and vagina. 


(From Eycleshymer and Jones.) 


EXTERNAL ILIAC VEIN 


The external iliac vein is the upward con- 
tinuation of the femoral vein and therefore 
receives blood from the lower limb (Figs. 
9-28; 9-34). It also drains the lower part of the 
anterior abdominal wall. The femoral vein 
becomes the external iliac vein at the level 


of the inguinal ligament. Passing superiorly 
along the brim of the lesser pelvis, the exter- 
nal iliac vein ends opposite the sacroiliac 
joint by uniting with the internal iliac vein 
to form the common iliac vein. On the right 
side, it lies at first medial to the external iliac 
artery, but as it passes upward it gradually 
inclines behind the artery. On the left side, it 


lies altogether on the medial side of the ar- 
tery. It frequently contains one, sometimes 
two, valves. 

TRIBUTARIES OF THE EXTERNAL ILIAC VEIN. 
As it ascends, the external iliac vein receives 
the following veins: 


Inferior epigastric 
Deep circumflex iliac 
Pubic 


Inferior Epigastric Vein 


The inferior epigastric vein is formed by 
the union of the venae comitantes of the in- 
ferior epigastric artery. At their source supe- 
riorly, the venae comitantes anastomose 
with the superior epigastric vein. The infe- 
rior epigastric vein joins the external iliac 
vein about 1.25cm above the inguinal liga- 
ment. 


Deep Circumflex Iliac Vein 


The deep circumflex iliac vein is formed 
by the union of the venae comitantes of the 
deep circumflex iliac artery, and joins the 
external iliac vein about 2 cm above the in- 
guinal ligament. 


Pubic Vein 


The pubic vein interconnects the obtura- 
tor vein in the obturator foramen and the 
external iliac vein. It ascends on the inner 
aspect of the pubis and accompanies the 
pubic branch of the obturator artery. In 
about 33% of cases, it is enlarged, function- 
ally taking the place of the obturator vein. In 
these instances it becomes a dangerous ves- 
sel when operations are made in the region 
of the femoral ring. 


VEINS OF THE LOWER LIMB 


The veins of the lower limb are subdi- 
vided into superficial and deep sets in a 
manner similar to those of the upper limb. 
The superficial veins course in the superfi- 
cial fascia just beneath the skin, while the 
deep veins accompany the arteries. Both sets 
of veins are provided with valves, which are 
more numerous in the deep veins than in the 
superficial. A greater number of valves is 
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also found in the veins of the lower limb 
than in veins of the upper limb. 


Superficial Veins of the Lower Limb 


The superficial veins of the lower limb are 
the great and small saphenous veins, their 
tributaries, and the superficial veins of the 
foot. 


GREAT SAPHENOUS VEIN 


The great saphenous vein is the longest 
vein in the body, beginning in the superficial 
vein that courses along the dorsomedial 
margin of the foot. It terminates in the femo- 
ral vein about 3cm below the inguinal liga- 
ment (Fig. 9-38). It ascends anterior to the 
tibial malleolus and along the medial side of 
the leg together with the saphenous nerve. 
Passing upward behind the medial condyles 
of the tibia and femur, it then ascends along 
the medial side of the anterior thigh to a 
point about 3cm below the inguinal liga- 
ment, where it dips through the saphenous 
hiatus (fossa ovalis), penetrates the lower 
end of the femoral sheath, and opens into the 
femoral vein. 


CLINICAL CORRELATION. The great saphenous 
vein contains between 10 and 20 valves. These are 
more numerous in the leg than in the thigh. Fre- 
quently this vein and its branches become dilated 
and then varicosed. This results when valves that 
normally prevent the flow of venous blood from the 
long deep veins to those more superficial in the 
lower limb become incompetent. Dangerous 
thrombi may develop, especially from the portion of 
the great saphenous vein which extends from the 
midregion of the calf to the upper third of the thigh. 


TRIBUTARIES OF THE GREAT SAPHENOUS VEIN. 
At the ankle, the great saphenous vein re- 
ceives tributaries from the sole of the foot by 
way of the medial marginal vein. In the leg, 
it anastomoses freely with the small saphe- 
nous vein, communicates with the anterior 
and posterior tibial veins from deeper in the 
leg, and receives many cutaneous veins. In 
the thigh, it anastomoses with the femoral 
vein and receives numerous tributaries. 
Those from the medial and posterior parts of 
the thigh frequently unite to form a large ac- 
cessory saphenous vein that joins the main 
vein at a variable level. Near the saphenous 
hiatus it is joined by the superficial external 
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Fic. 9-38. The great saphenous vein and its tributaries. 


pudendal, superficial circumflex iliac, and 
superficial epigastric veins (Fig. 9-38). Addi- 
tionally, through the superficial epigastric 
vein it forms an anastomosis with veins of 
the upper limb by means of the thoraco- 
epigastric vein. Of these tributaries the fol- 
lowing will be described further: 


Accessory saphenous 
Superficial external pudendal 
Superficial circumflex iliac 
Superficial epigastric 
Thoracoepigastric 


Accessory Saphenous Vein 


The accessory saphenous vein is the name 
frequently given to the superficial vein that 
arises along the posteromedial border of the 
thigh. It ascends around the medial aspect of 
the thigh, receiving tributaries primarily 
from the posterior surface, and joins the sa- 
phenous vein on its medial aspect. At times 
this vessel is called the medial accessory 
saphenous vein, to differentiate it from the 
lateral accessory saphenous vein, which 
arises anteriorly just above the knee (Fig. 9- 
38). Receiving tributaries from the lateral 
and anterior surfaces of the thigh, the lateral 
accessory saphenous vein ascends on the 
front of the thigh and opens into the saphe- 
nous vein on its lateral aspect (Daseler et 
al., 1946). 


Superficial External Pudenda!l Vein 


The superficial external pudendal vein 
forms from tributaries that laterally drain 
the superficial fascia from the upper medial 
thigh. the lower medial inguinal region, and 
the scrotum (or labia majora) (Fig. 9-38). It 
usually (90% of cases) opens into the great 
saphenous vein, but at times (10%) flows into 
the medial accessory saphenous vein. 


Superficial Circumflex Iliac Vein 


The superficial circumflex iliac vein forms 
from tributaries that drain the superficial 
fascia over the uppermost lateral surface of 
the anterior thigh, extending even from the 
anterior abdominal wall above the lateral 
part of the inguinal ligament (Fig. 9-38). The 
vein descends medially in an oblique course 
and opens directly into the great saphenous 
vein (60% of cases) or into the lateral acces- 
sory saphenous vein (40%). 


Superficial Epigastric Vein 


The superficial epigastric vein arises from 
tributaries that drain the superficial fascia 
over a rather wide region of the lower ante- 
rior abdominal wall (Fig. 9-38). These tribu- 


taries descend directly from the pubic region 
or obliquely from the more lateral inguinal 
region, and become a single vessel that 
opens into the lateral (80% of cases) or me- 
dial (20%) aspect of the great saphenous vein 
or into the corresponding accessory saphe- 
nous vein. The superficial epigastric vein 
anastomoses by way of the thoracoepigastric 
vein with vessels draining superiorly over 
the thoracic wall. 

THORACOEPIGASTRIC VEIN. The thoraco- 
epigastric vein is a longitudinally oriented 
vessel whose tributaries form an anastomo- 
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sis over the anterior abdominal and thoracic 
walls (Fig. 9-39). It connects venous channels 
that drain into the axillary vein, usually by 
means of the lateral thoracic vein, with oth- 
ers that drain into the superficial epigastric 
and superficial circumflex iliac veins, which 
flow into the great saphenous-femoral ve- 
nous complex. Normally the vein is a rela- 
tively small vessel that simply contributes to 
the drainage of the superficial fascia. How- 
ever, the thoracoepigastric vein provides an 
important collateral channel in clinical con- 
ditions that obstruct either the inferior vena 
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Fic. 9-39. The thoracoepigastric vein and other superficial veins of the anterior thoracic wall. 
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cava or the portal vein. Under these circum- 
stances this vein can become greatly en- 
larged and tortuous. 


SMALL SAPHENOUS VEIN 


The small saphenous vein begins behind 
the lateral malleolus as a continuation of the 
marginal vein that courses along the dorso- 
lateral aspect of the foot. At first it ascends 
along the lateral border of the calcaneal ten- 
don and then crosses this tendon to reach the 
middle of the back of the leg. Running di- 
rectly upward, it perforates the deep fascia 
in the distal part of the popliteal fossa, and 
ends in the popliteal vein between the two 
heads of the gastrocnemius muscle (Fig. 9- 
40). It anastomoses with the deep veins on 
the dorsum of the foot, and receives numer- 
ous large tributaries from the superficial fas- 
cia on the back of the leg. Before the small 





Fic. 9-40. The small saphenous vein. 


saphenous vein pierces the deep fascia, it 
joins a vessel that courses superiorly and 
anteriorly to anastomose with the great sa- 
phenous vein. In its ascent, the small saphe- 
nous vein possesses from 9 to 12 valves, one 
of which is always found near its termina- 
tion in the popliteal vein. In the distal third 
of the leg the small saphenous vein is accom- 
panied by the sural nerve, and in the proxi- 
mal two-thirds by the medial sural cutane- 
ous nerve. 


SUPERFICIAL VEINS OF THE FOOT 


On the dorsum of the foot, the dorsal digi- 
tal veins communicate with the plantar digi- 
tal veins in the clefts between the toes. The 
adjacent dorsal digital veins join to form the 
dorsal metatarsal veins. These latter vessels 
unite across the distal ends of the metatarsal 
bones in a dorsal venous arch (Fig. 9-38). 
Proximal to this arch is an irregular venous 
network that receives tributaries from the 
deep veins. This network is joined at the 
sides of the foot by medial and lateral mar- 
ginal veins, which are formed mainly by the 
union of branches from the superficial parts 
of the sole of the foot. 

On the sole of the foot, the superficial 
veins form a plantar cutaneous venous arch 
that extends across the roots of the toes and 
opens at the sides of the foot into the medial 
and lateral marginal veins. Proximal to this 
arch is a plantar cutaneous venous network 
that is especially dense in the fat beneath the 
heel. This network communicates with the 
cutaneous venous arch and with the deep 
veins, but drains chiefly into the medial and 
lateral marginal veins. 


Deep Veins of the Lower Limb 


The deep veins and their tributaries in the 
lower limb accompany the arteries and their 
branches, and they possess numerous 
valves. Sequentially they include: 


Deep veins of the foot 
Deep veins of the leg 
Popliteal vein 

Deep veins of the thigh 


DEEP VEINS OF THE FOOT 


The plantar digital veins arise from plex- 
uses on the plantar surfaces of the digits, and 
after sending communicating vessels to join 


the dorsal digital veins, they unite to form 
four plantar metatarsal veins. These course 
proximally in the metatarsal spaces and 
anastomose by means of perforating veins 
with the veins on the dorsum of the foot. The 
plantar metatarsal veins unite to form the 
deep plantar venous arch, which accompa- 
nies the plantar arterial arch across the plan- 
tar aspect of the foot between the oblique 
part of the adductor hallucis muscle and the 
interossei muscles. From the deep plantar 
venous arch, the medial and lateral plantar 
veins run proximally near their correspond- 
ing arteries. They communicate by anasto- 
mosing vessels with the great and small sa- 
phenous veins on the two sides of the foot. 
The medial and lateral plantar veins then 
unite to form the posterior tibial veins be- 
hind the medial malleolus. 


DEEP VEINS OF THE LEG 


The deep veins of the leg ascend with their 
accompanying arteries in both the anterior 
and posterior compartments. The principal 
deep veins include: 


Posterior tibial 
Peroneal 
Anterior tibial 


Posterior Tibial Veins 


The posterior tibial veins accompany the 
posterior tibial artery. Paired as venae comi- 
tantes in the lower leg, the vessels at times 
join to form a single vein, which with its ar- 
tery ascends in the fascial plane between the 
superficial and deep muscles of the posterior 
compartment. The posterior tibial veins 
drain blood from these posterior compart- 
ment muscles and also receive communicat- 
ing vessels from the more superficial veins. 
Two-thirds of the way up the leg, the poste- 
rior tibial veins receive the peroneal veins 
(Fig. 9-41). 

PERONEAL VEINS. The peroneal veins as- 
cend obliquely in the same plane as the pos- 
terior tibial veins from the lateral aspect of 
the leg. They accompany the peroneal artery 
and open into the posterior tibial veins distal 
to the popliteal fossa, just below the lower 
border of the popliteus muscle (Fig. 9-41). 
The peroneal veins drain the lateral com- 
partment muscles and also muscles of the 
posterior compartment. 
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Fig. 9-41. The popliteal vein and the junction of the 
peroneal and posterior tibial veins. 


Anterior Tibial Veins 


The anterior tibial veins accompany the 
anterior tibial artery and deep peroneal 
nerve, and they are the upward continuation 
of the venae comitantes of the dorsalis pedis 
artery. Ascending above the ankle joint in 
the lower leg between the tibialis anterior 
and extensor hallucis longus muscles, the 
anterior tibial veins course deeply on the 
interosseous membrane. In the upper leg 
the neurovascular bundle lies between the 
tibialis anterior and the extensor digitorum 
longus. The veins leave the anterior leg by 
passing between the tibia and fibula through 
the upper part of the interosseous mem- 
brane. They unite with the posterior tibial 
veins just below the popliteal fossa in the 
posterior compartment to form the popliteal 
vein. 


POPLITEAL VEIN 


The popliteal vein is formed by the junc- 
tion of the anterior and posterior tibial veins 
at the distal border of the popliteus muscle. 
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It ascends through the popliteal fossa to the 
aperture in the adductor magnus muscle, 
called the adductor hiatus, where it becomes 
the femoral vein in the adductor canal. In 
the lower part of its course within the poplit- 
eal fossa, it is placed medial to the popliteal 
artery (Fig. 9-41); between the heads of the 
gastrocnemius muscle, it lies superficial to 
that vessel: above the knee joint, it remains 
superficial to the popliteal artery but courses 
along its lateral side. The popliteal vein re- 
ceives tributaries corresponding to the 
branches of the popliteal artery, as well as 
the small saphenous vein, and in its course it 
usually contains four valves. 


DEEP VEINS OF THE THIGH 


The deep veins of the thigh accompany 
the deep arteries. The principal deep vein is 
the femoral vein, and into this flow the deep 
femoral vein, the saphenous vein, and the 
medial and lateral femoral circumflex veins. 
Additionally, the perforating veins which 
drain the posterior structures of the thigh are 
large tributaries of the deep femoral vein. 


Femoral Vein 


The femoral vein, accompanying the fem- 
oral artery, ascends from the superior end of 
the popliteal fossa through the adductor 
canal, lateral to and somewhat behind the 
artery. Proximal to the adductor canal in the 
lower part of the femoral triangle, the femo- 
ral vein lies behind the artery and as it as- 
cends, it gradually crosses to the medial side 
of the artery. At the level of the inguinal liga- 
ment it occupies the medial compartment of 
the femoral sheath, and the femoral vein 
becomes the external iliac vein above the 
ligament. The femoral vein receives numer- 
ous muscular tributaries, and about 4cm or 
more below the inguinal ligament, it is 
joined on its posterior aspect by the deep 
femoral vein and somewhat higher on its 
anterior aspect by the saphenous vein. Also 
the medial and lateral femoral circumflex 
veins may open either into the femoral vein 
or into the deep femoral vein. There are usu- 
ally three or four valves in the femoral vein: 
one is generally found (in 90% of cases) just 
below the entrance of the deep femoral vein 
(Basmajian, 1952). 

DEEP FEMORAL VEIN. The deep femoral 
vein is formed by the junction of three or 


four perforating veins that correspond to the 
perforating branches of the deep femoral 
artery. Through the perforating veins, anas- 
tomoses are established by the femoral vein 
with the inferior gluteal vein above and with 
the popliteal vein below. The perforating 
veins return blood from muscles in all three 
compartments of the thigh, as well as from 
the femur. 

MEDIAL AND LATERAL FEMORAL CIRCUMFLEX 
vetns. The medial and lateral femoral cir- 
cumflex veins do not terminate in a pattern 
consistent with the origin of the correspond- 
ing arteries. In 86% of cases studied, the two 
femoral circumflex veins terminate in the 
femoral vein, whereas in 2% both veins term- 
inate in the deep femoral vein. In the re- 
maining 12% either the medial or the lateral 
femoral circumflex vein joins the femoral 
vein, while the other joins the deep femoral 
vein (Baird and Cope, 1933). 


Histology of the 
Blood Vessels 


ARTERIES 


The arterial system consists of an elabo- 
rate system of tubular structures that con- 
ducts blood away from the heart. All arteries 
are composed of three coats: an inner coat 
called the tunica intima, an intermediate 
coat, the tunica media, and an external coat, 
the tunica adventitia (Fig. 9-42). The compo- 
sition and relative thickness of these coats 
differ in arteries of different size; however, 
in all of these the functional cell type of the 
tunica intima is the endothelial cell, that of 
the tunica media is the smooth muscle cell, 
while the principal cell type of the tunica 
adventitia is connective tissue. 

TUNICA INTIMA. The tunica intima, or in- 
nermost coat, consists of a thin lining of en- 
dothelial cells that is longitudinally oriented 
and continuous with the endothelium of 
capillaries on the one hand and with the 
endocardium of the heart on the other. The 
endothelium is a single layer of simple squa- 
mous or plate-like cells, polygonal, oval, or 
fusiform in shape, with rounded oval or flat- 
tened nuclei. Although the outlines of the 
cells can be brought out by treatment with 
silver nitrate, studies in recent years utiliz- 
ing the electron microscope have shown that 


endothelial cells are closely apposed, being 
separated by only about 200 A, and contain 
little or no intercellular cement at their junc- 
tions. The endothelial cells rest on a basal 
lamina, and in arteries larger than arteriolar 
capillaries, delicate strands of connective 
tissue form a subendothelial layer that in- 
tervenes between the endothelium and the 
internal elastic membrane. The latter is eas- 
ily identified in muscular arteries. It consists 
of a network of elastic fibers arranged more 
or less longitudinally, leaving elongated ap- 
ertures or perforations that give it a fenes- 
trated appearance. Fine cytoplasmic proc- 
esses on the basal surface of the endothelial 
cells project through the fenestrations of the 
internal elastic membrane to achieve contact 
with the overlying smooth muscle cells of 
the tunica media. The internal elastic mem- 
brane forms the chief thickness of the tunica 
intima, and it is thrown into folds when ar- 
teries are fixed histologically. In microscopic 
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cross sections the internal elastic membrane 
appears as a wavy line, glassy and almost 
unstained when using routine histological 
techniques such as hematoxylin and eosin; 
however, it stains heavily with special sub- 
stances such as orcein, which characteristi- 
cally reacts with elastic tissue. 

TUNICA MEDIA. The tunica media, or mid- 
dle coat, is principally composed of thin, 
cylindrical smooth muscle cells and elastic 
tissue, and it accounts for the bulk of the 
wall of most arteries. The smooth muscle 
cells are disposed in circular layers around 
the vessel, and the thickness of the tunica 
media, as well as its composition, varies 
with the size of the vessel. The smooth mus- 
cle cells are held together by an abundant 
amount of intercellular glycoprotein, which 
contains collagen fibrils and reticular and 
elastic fibers. The intercellular material is 
probably formed by the smooth muscle cells 
themselves, because virtually no other cells 
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Fig. 9-42. Cross section of parts of the walls of adjacent medium-sized artery and vein. Artery, lower left; vein, upper 


right. 
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are found in the tunica media. The external 
margin of the tunica media frequently is 
marked by a prominent layer of elastic tissue 
called the external elastic membrane. 

TUNICA ADVENTITIA. The tunica adventitia, 
or outer coat, consists of areolar connective 
tissue that contains fibroblasts within a fine 
meshwork of elastic fibers and bundles of 
collagen. As described previously, the elas- 
tic tissue is more abundant adjacent to the 
tunica media, where it is called the external 
elastic membrane. The tunica adventitia var- 
ies in thickness in different types of arteries, 
but usually it is not as thick as the tunica 
media. 

The tunica adventitia contains the vasa 
vasorum, which are the arteries and veins 
that supply the vessel walls. It also contains 
fine lymphatic vessels, as well as the nerve 
fibers that supply the arteries. The latter 
appear to terminate near or within the exter- 
nal elastic membrane. 

As arteries extend distally. there is a grad- 
ual transition in their size. Certain features 
characterize arteries of different sizes. 


Large Elastic Arteries 


Large elastic arteries such as the aorta and 
its major branches, as well as the pulmonary 
trunk and its two principal branches, con- 
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duct blood from the heart to the smaller dis- 
tributing arteries (Fig. 9-43). They have a 
thick tunica intima, and although the endo- 
thelium is still only a single layer in thick- 
ness, the subendothelial layer contains con- 
siderable connective tissue that is composed 
of bundles of collagen and some smooth 
muscle cells along with occasional macro- 
phages. Surrounding the subendothelial 
connective tissue is a fenestrated elastic tis- 
sue layer, which in smaller vessels is consid- 
ered to be the internal elastic membrane. In 
large arteries, however, it is difficult to deter- 
mine the external boundary between the 
tunica intima and the internal border of the 
tunica media, because the tunica media con- 
tains many concentric layers of fenestrated 
elastic tissue (Fig. 9-43). There may be 50 or 
more elastic laminae in the tunica media, 
and interspersed between these elastic fibers 
are smooth muscle cells, collagenous fibers, 
and extracellular ground substance (Fig. 
9-44). 

The tunica adventitia of large arteries 1s 
thin relative to the tunica media and the line 
of transition may not be easily apparent. 
Characteristically, the connective tissue of 
the external coat is more fibrous in nature 
and contains more collagen and less elastic 
tissue. The tunica adventitia of large ves- 
sels also contains numerous small vessels 
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Fic. 9-43. Photomicrograph of a section of the wall of the aorta, stained for elastic fibers. Note the relative widths of 


the three layers. 24 x. 
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Fic. 9-44. Photomicrograph of the tunica media of the human aorta showing many lamellae of elastic fibers, which 
characterize the microscopic anatomy of that coat in the walls of large elastic arteries. 144 x. 


and nerves, the vasa vasorum and _ nervi 
vasorum, and its external layers gradu- 
ally merge with the surrounding connective 
tissue. 


Medium-Sized Muscular Arteries 


The medium-sized arteries include most 
of the named arteries that distribute blood to 
the different organs and parts of the body. 
The tunica intima is formed by a single layer 
of endothelium resting on a basal lamina. 
Deep to this is a thin subendothelial layer 
that lies adjacent to a well-defined fenes- 
trated internal elastic lamina. The muscular 
coat, or tunica media, is especially well de- 
veloped and the physiology of the smooth 
muscle cells is under the influence of neuro- 
humors liberated by the vasomotor nerves. 
This mechanism controls the flow of blood 
by altering the diameter of the lumen of 
these arteries. In the somewhat smaller ar- 
teries the tunica media is almost entirely 
muscular, but in larger ones more and more 
elastic tissue is interposed with the smooth 
muscle cells (Fig. 9-45). The thickness of the 
tunica adventitia is variable. In arteries lo- 
cated in well-protected sites such as those in 
the abdominal or cranial cavities, it is rela- 
tively thin, but it is much thicker in exposed 
regions such as the limbs. The bundles of 


nerve fibers are numerous in the tunica ad- 
ventitia of many muscular arteries, and on 
some arteries supplying the abdominal or- 
gans they are so profuse that they form ex- 
tensive plexuses that coat the vessels almost 
completely. 


Small Arteries and Arterioles 


As the named muscular arteries are dis- 
tributed peripherally, they branch _ into 
smaller muscular arteries; these divide into 
muscular arterioles, which then branch into 
terminal arterioles less than 50 um in diame- 
ter (Figs. 9-46; 9-47). The tunica intima of ar- 
terioles consists of a layer of flattened, elon- 
gated endothelial cells resting on a basal 
lamina. In cross sections of larger arterioles, 
a corrugated internal elastic membrane sur- 
rounds the endothelium; however in arteri- 
oles of small diameter, less elastic tissue is 
seen and this membrane is incomplete. In 
the smallest terminal arterioles, the elastic 
tissue disappears completely (Fig. 9-47). 

The tunica media of arterioles consists of 
smooth muscle cells, and its thickness varies 
directly with the diameter of the vessels. In 
the larger arterioles, perhaps three or more 
layers of smooth muscle cells surround the 
endothelium in a circumferential pattern, 
whereas in the terminal arterioles the tunica 
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Fic. 9-45. 


Photomicrographs of intercostal artery (A, C) and vein (B, D). A and B are stained with hematoxylin and 


eosin, while C and D are stained for elastic fibers. Arrows mark the boundary between the tunica media (above) and 
tunica adventitia (below) in each photomicrograph. 130 x. (From Windle. W. F., Textbook of Histology, 4th ed., 


McGraw-Hill, New York, 1969.) 


media consists of only a single layer of 
smooth muscle. The tunica adventitia of 
larger arterioles consists of loose connective 
tissue with some collagenous and elastic fi- 
bers and fibroblasts, but this outer coat he- 
comes less well defined and greatly reduced 
in the smallest arterioles (Fig. 9-47). 


Capillaries 


From the smallest arteriolar vessels, fine 
networks of endothelium-lined tubes perme- 
ate most tissues and organs (Fig. 9-48). These 
minute tubes are the capillaries and their 
networks form the functional and morpho- 





Fic. 9-46. Small artery and vein, pia mater of sheep. 
250 x. Surface view above the interrupted line; longitu- 
dinal section below. Artery in red; vein in blue. 


logic connections between the arterial and 
venous systems. Frequently and closely as- 
sociated with the outer surface of endothe- 
lial cells are macrophages or mesenchymal 
perivascular cells called pericytes. Although 
there is some variation in their size, the aver- 
age diameter of capillaries is about 8 pm, 
roughly equivalent to that of ared blood cor- 
puscle (Fig. 9-48). Functionally, capillaries 
carry nutrient substances to tissues and or- 
gans and take away the metabolic products 
of cells. These processes require the transfer 
of substances across the capillary wall, uti- 
lizing the permeable nature of the endothe- 
lial lining. The anatomical basis of capillary 
permeability and the sites through which 
substances pass across the endothelial lining 
has been a subject of intensive study both 
physiologically and with the electron micro- 
scope. On morphological grounds, two types 
of capillaries have been described, the con- 
tinuous and the fenestrated. 

CONTINUOUS CAPILLARIES. Continuous 
capillaries are usually seen in muscle, skin, 
and connective tissue and in the brain and 
spinal cord. Along both the luminal and 
outer surfaces of the endothelial cells in this 
type of capillary are found numerous pino- 
cytotic vesicular invaginations, called 
caveolae, which measure between 500 and 
700 A (Fig. 9-49). It is theorized that these 
vesicles may be sites for the entrapment of 
large molecules, and that the vesicles then 
pinch off and traverse the endothelial cell 
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cytoplasm to the opposite surface, where 
they fuse with the membrane again and their 
contents are discharged outside the endothe- 
lial cell. Continuous capillaries have walls of 
endothelial cells whose basal laminae are 
continuous and whose intercellular junc- 
tions are of the occludens type. These junc- 
tional complexes have intercellular spaces 
that measure only about 150 to 200 A; these 
narrow spaces are believed to be wide 
enough to allow water and simple solutions 
to pass through them, but not larger mole- 
cules such as proteins (Fig. 9-50). 
FENESTRATED CAPILLARIES.  Fenestrated 
capillaries are found in the glomeruli of the 
kidney, the intestinal villi, the endocrine 
glands, and other tissues and organs where 
rapid transfer of fluids occurs. In addition to 
containing the pinocytic vesicular caveolae, 
the endothelial cells that form these capillar- 
ies have cytoplasmic zones, frequently adja- 
cent to the nuclei of the cells, that character- 
istically are exceedingly narrow. At these 
sites the endothelial cells are so thin that a 
series of fenestrations or pores about 1,000 A 
in diameter perforates the cells. The perfora- 
tions are actually covered by a fine dia- 
phragm, which is thinner than the cell mem- 
brane and effectively allows water and 
solutions to pass readily through the cell. 


VEINS 


The veins return blood to the heart from 
tissues and organs throughout the body. 
Their walls are thinner but their lumina are 
larger than those of their accompanying ar- 
teries, and although the structure of veins 
varies, usually they have the same three lay- 
ers as do arteries: tunica intima, tunica 
media, and tunica adventitia. Venous blood 
is under less pressure than arterial blood 
and it flows more slowly; therefore, at vari- 
ous sites veins contain thin membranous 
valves to prevent the blood from flowing 
backward toward the capillary bed and 
away from the heart. Like arteries, veins are 
supplied with nutrient vessels, the vasa va- 
sorum. They also are innervated, but they 
receive fewer nerve fibers than arteries. 
Generally, veins are distinguished by size as 
either small-caliber venules, medium-sized 
veins, or large venous trunks. 


Fic. 9-47. 


Electron micrograph of an arteriole from the human pyloric antrum. The lumen of the arteriole (Alu) is 
lined by two endothelial ceils interconnected at junctions (j). A smooth muscle cell is shown outside the basal lamina 
(B1) of the endothelium. Surrounding this are the basal lamina and collagenous connective tissue layer (Cf). N, nucleus: 
v. vesicles; Cp. cytoplasmic processes; c, centrioles; m, mitochondria; Fe, fibrocyte; Gl, glycogen; Mm, smooth muscle of 


stomach wall; R, red blood cell. (From Ebe, T. and Kobayashi, S., Fine Structure of Human Cells and Tissue, John 
Wiley and Sons, New York, 1972.) 
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Fic. 9-48. Cross section of a capillary in the lamina propria of the gastric mucosa. The capillary is formed by an 
endothelial cell surrounded hy a basement membrane (Bm). Note the numerous pinocytotic vesicles (Pi) along the 
membrane of the endothelial cell and the fenestrations (Fe), each of which is bridged by a thin diaphragm. Nu, nucleus; 


Go, Golgi complex; Mi, mitochondria; Er, erythrocyte; Th, thrombocyte. 30,000 x. (From Rhodin, J. A. G., An Atlas of 
Ultrastructure, W. B. Saunders Co., Philadelphia, 1963.) 
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Fic. 9-49. Electron micrograph of a portion of endothelial membrane in a capillary, showing surface pinocytotic 
vesicles (V,, V.) bridged by diaphragms consisting of a single layer (d,) or probably more than one layer (d,). A closed 
vesicle within the endothelial cytoplasm is shown as V3. (From Bruns and Palade, J. Cell Biol., 37: 244-276, 1968.) 





Fic. 9-50. Intercellular junctions between pairs of endothelial cells, showing regions of constriction (X), the base- 
ment membrane (BM), the external (EL) and internal (IL) leaflets of the unit membrane. The lumen of the capillary is 
indicated by L. 160,000 x. (From Luft, J. H., Capillary Permeability in The Inflammatory Process, 2nd ed., Zweifach, B. 
W., Grant, L., and McCluskey, R. T. (eds.), Vol. 2, Academic Press, New York, 1973.) 


Venules 


The venules are the smallest veins, and 
they are formed by the union of several cap- 
illaries. They are larger than capillaries, 
measuring as much as 20 or 25 pm, and they 
are importantly involved in the transfer of 
substances between the body fluids and the 
vascular system. Although their walls re- 
semble those of capillaries, there is a thin 
layer of collagenous fibrils and fibroblasts 
oriented longitudinally outside the endothe- 
lium. It is difficult, however, to distinguish 
the three separate layers in the walls of the 
smallest venules. In the walls of slightly 
larger venules (i.e., those with diameters of 
50 to 60 nym) are found a few smooth muscle 
cells interposed between the endothelial 
cells and the connective tissue strands that 
form the tunica adventitia. In many of these 
larger venules the smooth muscle cells do 
not form a complete layer around the endo- 
thelium. In veins that measure 200 to 400 pm 
in diameter, the three coats become recog- 
nizable and even thin elastic fibers are seen 
interwoven with the collagenous fibers of 
the tunica adventitia. 


Veins of Medium Size 


The walls of medium-sized veins may 
vary somewhat in their structure, but usu- 
ally the three coats can be identified (Figs. 
9-42; 9-51). The endothelial cells of the tu- 
nica intima in these veins contain nuclei that 
are more Oval and less flattened than those 
in arteries. These cells are supported by deli- 
cate connective tissue, external to which is a 
network of elastic fibers that takes the place 
of the fenestrated membrane of the arteries. 
The tunica media is usually thinner than 
that of accompanying arteries, and it is com- 
posed of circularly arranged smooth muscle 
cells, intermingled with collagenous and 
elastic fibers (Fig. 9-45). At times there is a 
blending of the connective tissue elements 
of the innermost and middle coats, and a 
true definition of the border between them is 
not readily seen. The tunica adventitia con- 
sists of loose connective tissue with longitu- 
dinal elastic fibers, and it is usually the 
thickest coat (Figs. 9-42; 9-45). 


Large Veins 


In large veins the tunica adventitia may be 
several times thicker than the tunica media 
and it constitutes a major part of the vessel 
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wall. The tunica adventitia consists of loose 
connective tissue that contains elastic fibers 
and longitudinally oriented collagenous fi- 
bers. Within the adventitia are also found 
layers of longitudinally coursing smooth 
muscle fibers. These are most distinct in the 
inferior vena cava (especially at its termina- 
tion in the heart), in the trunks of hepatic 
veins, in all the large trunks of the portal 
vein, and in the external iliac, renal, and 
azygos veins. In the inferior vena cava, 
renal, and portal veins, the muscle fibers ex- 
tend through the whole thickness of the 
outer coat, but in the other veins mentioned, 
a layer of connective and elastic tissue is 
found external to the muscular fibers. The 
large veins that open into the heart are cov- 
ered for a short distance by a layer of car- 
diac muscle from the heart. Muscular tissue 
is lacking in the following: (a) veins of the 
maternal part of the placenta, (b) venous si- 
nuses of the dura mater and veins of the pia 
mater of the brain and spinal cord, (c) veins 
of the retina, (d) veins of the cancellous tis- 
sue of bones, and (e) venous spaces of the 
corpora Cavernosa. Veins at these sites con- 
sist of an internal endothelial lining sup- 
ported on one or more layers of loose con- 
nective tissue. 

VALVES OF THE VEINS. Many veins are pro- 
vided with valves to prevent the reflux of 
blood (Fig. 9-52). Each valve is formed by a 
reduplication of the tunica intima which is 
strengthened by connective tissue and elas- 
tic fibers. The valve is covered on both sur- 
faces with endothelium, the arrangement of 
which differs on the two surfaces. On the 
surface of the valve next to the wall of the 
vein, the endothelial cells are arranged 
transversely, while on the other surface, 
over which the current of blood flows, the 
cells are arranged longitudinally in the di- 
rection of the current. Most commonly two 
such valves are found placed opposite each 
other. This is especially so in the smaller 
veins or in the larger trunks at the points 
where they are joined by smaller tributaries; 
occasionally there are three valves and 
sometimes only one. The valves are semilu- 
nar, and are attached by their convex edges 
to the wall of the vein. The concave margins 
are free, directed in the course of the venous 
current, and lie in close apposition with the 
wall of the vein so long as the current of 
blood flows in its natural course toward the 
heart. If, however, any regurgitation occurs, 
the valves become distended, their opposed 


Electron micrograph of a posterior abdominal vein in a seven-month-old fetus. This vein shows quite 
clearly the three lavers forming the wall of the vessel. The endothelial cells (E) of the tunica intima rest upon a basal 
lamina (Bl). Surrounding these is a single layer of smooth muscle cells (Sm) that forms the tunica media. The tunica 
adventitia is a thicker layer of collagenous connective tissue fibers (Cf), among which are fibrocytes (Fc). Vlu, lumen; 
Vv. vas vasorum; j, junction between endothelial cells. 15,000 x. (From Ebe. Y. and Kobayashi, S., Fine Structure of 


Human Cells and Tissues, John Wiley and Sons, Inc., New York, 1972.) 


Fic. 9-51. 
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Fig. 9-52. The proximal portions of the femoral and 
great saphenous veins laid open to show the valves. 
About two-thirds natural size. 
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edges are brought into contact, and the back- 
ward flow is interrupted. The wall of the 
vein on the cardiac side of the point of at- 
tachment of each valve is expanded into a 
pouch or sinus that gives the vessel a knotted 
appearance when injected or distended with 
blood. Valves are numerous in the veins of 
the limbs, especially the lower limbs, be- 
cause these vessels must conduct blood 
against the force of gravity. They are absent 
in the very small veins and also in the venae 
cavac, hepatic, renal, uterine, and ovarian 
veins. A Tew valves are found in the testicu- 
lar veins, and one also at their points of junc- 
tion with the renal vein or interior vena 
cava. The cerebral and spinal veins, the 
veins of cancellous bone, the pulmonary 
veins, and the umbilical vein and _ its 
branches are also destitute of valves. A few 
valves are occasionally found in the azygos 
and intercostal veins. Rudimentary valves 
are found in the tributaries of the portal ve- 
nous system. 
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The 
Lymphatic 
system. 


The lymphatic system is a vascular net- 
work of thin-walled capillaries and larger 
lymphatic vessels that drains lymph from 
the tissue spaces of most organs and returns 
it to the venous system for recirculation. Pe- 
ripherally, the lymphatic vessels do not 
communicate with the blood vessels, but the 
lymph eventually empties into the blood- 
stream at the junction of the jugular and 
subclavian veins at both sides of the neck. 
The endothelium of the veins at these points 
of junction is continuous with that of the 
lymphatic vessels. 

Lymphatic fluid is an ultrafiltrate of blood 
that contains plasma proteins, and during its 
course it circulates through lymphatic tissue 
and lymph nodes that are lined with phago- 
cytes capable of removing foreign matter. 
Additionally, many lymphocytes enter the 
lymphatic fluid at these nodes, as do the 
immunoglobulins or antibodies that are so 
important for immunologic protection. 
Lymph draining from different organs can 
vary significantly in its constituents. From 
the intestines it may have a white milky ap- 
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pearance and contain a high level of di- 
gested fatty substances, whereas from the 
liver it may be rich in proteins. 

The pervasive nature of the lymphatic 
capillary system, so vital for the system to 
perform its beneficial functions. may also 
prove to be dangerous because its channels 
serve as a means by which bacteria are able 
to spread quickly throughout the body, with 
the result of generalized infection. Likewise, 
the lymphatic system furnishes pathways 
for the spread of malignant diseases, allow- 
ing routes for the establishment of meta- 
static tumors in other tissues and organs 
from a primary cancer site. The enormous 
clinical importance of the lymphatic system 
is widely recognized today, and yet the 
study of the system in the dissecting room is 
unsatisfactory because the thinness of its 
vascular walls and the small size of its chan- 
nels make them indistinguishable from the 
surrounding connective tissues. Thus, most 
of the information concerning the anatomy 
of the system has been obtained by labori- 
ous special investigations using the injection 
of colored substances into the minute ves- 
sels. Injection into the larger vessels is inef- 
fective because of the presence of numerous 
valves. 

The lymphatic system consists of: (1) an 
extensive capillary network that collects 
lymph peripherally from various organs and 
tissues; (2) an elaborate system of collecting 
vessels that carries the lymph from the lym- 
phatic capillaries to the bloodstream through 
an opening into the great veins at the root 
of the neck; (3) a number of firm, rounded 
bodies called lymph nodes, placed like fil- 
ters in the paths of the collecting vessels; 
(4) certain lymphatic organs that resemble 
the lymph nodes, such as the tonsils and 
the aggregated lymphatic tissue found in the 
walls of the alimentary tract; (5) the spleen; 
and (6) the thymus. Another element that 
might be added is the lymphoid tissue, rec- 
ognizable only with the aid of a microscope 
and consisting of reticular or areolar con- 
nective tissue that contains an accumulation 
of lymphocytes but lacks the organization of 
lymphatic nodules. 

The spleen serves as an important lymph- 
oid organ, performing phagocytic functions 
as well as being an organ in which circulat- 
ing antigens activate appropriate lympho- 
cytes to become functioning immunologic 
cells. The thymus, important early in life asa 


lymphoid organ, produces the so-called T 
lymphocytes, which participate in cell- 
mediated immunologic responses. Providing 
for the proper development of a competent 
immunologic system, the organ is of greater 
significance for the maturing child than for 
the adult. 

The lymphatic capillaries and collecting 
vessels are lined throughout by a continuous 
layer of endothelial cells, thus forming a 
closed system. The lymphatic vessels of the 
small intestine receive the special designa- 
tion of lacteals because they transport the 
milk-white fluid called chyle, but they do 
not differ morphologically from other lym- 
phatic vessels. 

Lymphatic vessels are not found in avas- 
cular structures such as the nails, hair, cor- 
nea, or epidermis, nor are they found in the 
central nervous system, meninges, eyeball, 
internal ear, or spleen. 


Development of Lymphatic 
System 


The precise manner by which the devel- 
opment of the lymphatic system commences 
is still incompletely understood; however, 
two views have been forwarded. According 
to one view, the earliest lymphatic vessels 
arise from the endothelium of veins as 
sprouts that coalesce to form primitive 
lymph sacs. Proponents of this view feel that 
these initial lymphatic .plexuses, derived 
from the veins, then spread to surrounding 
tissues and organs to form a lymphatic net- 
work (Sabin, 1902, 1904, 1912, 1916; Yoffey 
and Courtice, 1970). Another view maintains 
that the initial lymphatic sacs arise in mes- 
enchyme independent of the veins, and only 
secondarily establish venous connections 
(Huntington and McClure, 1910; Huntington, 
1908). Regardless of the specific manner by 
which the earliest lymphatic sacs are 
formed, the two jugular lymph sacs, one on 
each side, form during the sixth week near 
the junction of the subclavian and anterior 
cardinal veins (Fig. 10-1). From these sacs 
lymphatic capillary plexuses spread to the 
neck, head, arms, and thorax. The more di- 
rect channels of the plexuses enlarge and 
form the lymphatic vessels. The larger ves- 
sels acquire smooth muscular coats with 
nerve connections and exhibit contractility. 
Each jugular sac establishes at least one con- 
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Fig. 10-1. Schema showing relative positions of pri- 
mary lymph sacs based on the description given by 
Sabin (1916). 


nection with its jugular vein, and from the 
left sac the upper part of the thoracic duct 
develops. 

At a slightly later stage (eighth week), an- 
other lymphatic sac, the retroperitoneal 
lymph sac, forms near the primitive inferior 
vena Cava and mesonephric veins. From it 
lymphatics spread to the abdominal viscera 
and diaphragm, and the sac establishes con- 
nections with the cisterna chyli by the end of 
the ninth week. Also during the eighth week, 
another unpaired lymphatic sac, the cisterna 
chyli, forms near the Wolffian bodies. Giving 
rise to the adult cisterna chyli and the lower 
part of the thoracic duct, it joins that part of 
the duct that develops from the left jugular 
sac (Fig. 10-2). 

By the end of the eighth week, the paired 
posterior lymph sacs appear near the junc- 
tions of the primitive iliac veins and the pos- 
terior cardinal veins. From these sacs, lym- 
phatics spread to the abdominal wall, pelvic 
region, and legs. The posterior lymphatic 
sacs join each other by the end of the ninth 
week and also link superiorly with the cis- 
terna chyli (Fig. 10-2). The adult main lym- 
phatic duct forms by means of a diagonal 
junction of the inferior part of the right lym- 
phatic trunk (connected caudally with the 
dilated cisterna chyli) and the upper part of 
the left lymphatic trunk (continuous superi- 
orly with the left jugular sac). 
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Fic. 10-2. Development of the primary lymphatic vessels in man. A, Profile reconstruction of the lymphatic system in 
a nine-week-old human embryo (Sabin, 1916). B, Diagram of the definitive thoracic duct emerging from a lymphatic 
plexus. (From Arey, L. B., Developmental Anatomy, 7th ed., W. B. Saunders Co., Philadelphia, 1965.) 


DEVELOPMENT OF LYMPH NODES. The pri- 
mary lymph nodes begin to develop during 
the third month in capillary lymphatic plex- 
uses that are formed from the large lymph 
sacs. Secondary lymph nodes develop later, 
and even after birth, in peripherally located 
capillary lymphatic plexuses. Lymphocytes 
are already present in the bloodstream and 
tissues long before lymph nodes begin to 
appear. The earliest stages of lymph node 
development are obscure, but it seems prob- 
able that lymphocytes lodge in special re- 
gions of the capillary plexuses and multiply 
to form larger and larger masses that become 
the cortical lymphoid nodules and medul- 
lary cords. Parallel with this multiplication 
of lymphocytes, the surrounding mesen- 
chyme forms a connective tissue capsule 
from which trabeculae carrying blood ves- 
sels grow into the lymphoid tissue. Collage- 
nous fibers form in the larger trabeculae, and 
these continue as reticular fibrils into the 
smaller trabeculae. The mesenchymal cells 


of the larger trabeculae become fibroblasts, 
and those accompanying the reticular fibrils 
are known as reticular cells. Just what hap- 
pens to the lymphatic endothelium of the 
capillary plexus within the developing node 
is obscure. Some authors believe that it 
forms the cortical and medullary sinuses. 
Others believe that the endothelial lining 
becomes incomplete and that the reticular 
cells are washed by the lymph. With this 
idea goes the theory that some of the reticu- 
lar cells become spherical to form the first 
lymphocytes of the developing node and 
that they retain this potency throughout life. 


Distribution of Lymphatic 
Vessels 
The vessels that form the lymphatic sys- 


tem consist of extensive capillary plexuses 
that drain into an intricate system of collect- 


ing lymphatic vessels. These, in turn, flow 
into larger lymphatic trunks that end in the 
cisterna chyli, the thoracic duct, or the right 
lymphatic duct (Fig. 10-3). 

LYMPHATIC CAPILLARY PLEXUSES. The capil- 
lary plexuses that collect lymph from the 
intercellular fluid constitute the beginning of 
the lymphatic system, because it is from 
these plexuses that the lymphatic collecting 
vessels arise. These collecting vessels con- 
duct the lymph centrally through one or 
more lymph nodes to the lymphatic trunks, 
cisterna chyli, thoracic duct, or right lym- 
phatic duct. The number, size, and richness 
of the capillary plexuses differ in different 
regions and organs. Where abundant, they 
usually are arranged in two or more anasto- 
mosing layers. Most lymphatic capillaries do 
not contain valves. 

Lymphatic capillaries are especially abun- 
dant in the dermis of the skin. They form a 
continuous network beneath the epidermis 
throughout the entire body, with the excep- 
tion of the cornea. The dermis has a superfi- 
cial plexus, without valves, that is connected 
by many anastomoses to a somewhat wider, 
coarser deep plexus with a few valves. The 
superficial plexus sends blind ends into the 
dermal papillae. The plexuses are especially 
rich over the palmar surface of the hands 
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and fingers, the plantar surface of the feet 
and toes, the conjunctiva, the scrotum, the 
vulva, and around orifices where the skin 
becomes continuous with mucous mem- 
branes (Fig. 10-4). 

Lymphatic capillary plexuses are abun- 
dant in the mucous membranes of the respi- 
ratory and digestive systems. They form a 
continuous network from the nares and lips 
to the anus. In most places there is a subepi- 
thelial plexus in the mucosa that anastomo- 
ses freely with a coarser plexus in the submu- 
cosa. Blind ends extend between the tubular 
glands of the stomach and into the villi of 
the intestine. The latter are the lacteals. 
They have a smooth muscle coat and are 
contractile. Those portions of the alimentary 
canal that are covered by peritoneum have a 
subserous capillary plexus beneath the mes- 
othelium that anastomoses with the submu- 
cosal set. 

The lungs have a rich subserous plexus 
that connects with the deep plexuses within 
the lungs. The latter accompany the bronchi 
and bronchioles but their capillaries do not 
extend to the alveoli. 

The salivary glands, pancreas, and liver 
possess deep lymphatic plexuses. They are 
perilobular and do not extend between the 
epithelial cells. The gallbladder, and the cys- 
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FiG. 10-4. Lymphatic capillaries of the dermis from the medial border of the sole of the human foot. Note the finer 
capillaries of the superficial plexus (a) and the larger vessels in the deeper plexus (b). 30 x. (From Teichmann.) 


tic, hepatic, and common bile ducts have 
rich plexuses in the mucosa. The deep lym- 
phatics of the liver deliver a copious supply 
of lymph. The liver and gallbladder have 
rich subserous plexuses. 

The kidney has a rich network in the cap- 
sule and a deep plexus between the tubules 
of the parenchyma. The renal pelvis and the 
ureters have rich networks in the mucosa 
and muscular layer that are continuous with 
similar plexuses of the urinary bladder. The 
male urethra has a dense plexus in the mu- 
cosa. The lymphatic capillaries are espe- 
cially abundant around the navicular fossa. 

The testis, epididymis, ductus deferens, 
seminal vesicles, and prostate have superfi- 
cial capillary plexuses. Both the testis and 
prostate have deep interstitial plexuses. 

The ovary has a rich capillary plexus in 
the parenchyma. Capillaries are absent in 
the tunica albuginea. The uterine tubes and 
-uterus have mucous and muscular plexuses, 
as well as serous and subserous ones. The 
vagina has a rich fine-meshed plexus in the 
mucosa and a coarser one in the muscular 
layer. 

Lymphatic capillary plexuses are abun- 
dant beneath the mesothelial lining of the 
pleural, peritoneal, and pericardial cavities 
and the joint capsules. The dense connective 
tissues of tendons, ligaments, and perios- 
teum are richly supplied with plexuses. Very 
fine capillary plexuses around the fibers of 


skeletal muscle have been described. Their 
occurrence in bone and bone marrow is not 
settled. 

The heart has a rich subepicardial plexus 
as well as a subendocardial plexus. The 
myocardium has a uniform capillary plexus 
that anastomoses with both the subendocar- 
dial and subepicardial ones. There are no 
collecting trunks in the myocardium. 

COLLECTING LYMPHATIC VESSELS AND LYM- 
PHATIC TRUNKS. Lymph drains from the 
lymphatic capillary plexuses into collecting 
lymphatic channels that resemble venules 
and enter lymph nodes as afferent vessels. 
From these initial nodes, several collecting 
lymphatic vessels join to form slightly larger 
collecting channels, which then accompany 
larger blood vessels and enter a series of 
lymph nodes in succession and anastomose 
frequently. These larger collecting lym- 
phatic vessels often extend over long dis- 
tances without a change of caliber. They are 
exceedingly delicate, and their coats are so 
transparent that lymph can readily be seen 
through them. The walls of collecting vessels 
are interrupted at intervals by constrictions, 
which correspond to the location of valves 
on their interior, and give the vessels a knot- 
ted or beaded appearance. 

At certain sites in the body, groups of col- 
lecting vessels course in a parallel manner to 
form lymphatic trunks. These are especially 
seen along routes leading to the cisterna 


MICROSCOPIC STRUCTURE OF LYMPHATIC VESSELS AND LYMPH NODES 


chyli and toward the termination of the right 
lymphatic and thoracic ducts. Leading into 
the cisterna chyli are the intestinal trunk 
and the right and left lumbar trunks, while 
the right lymphatic duct and the thoracic 
duct both receive the bronchomediastinal, 
jugular, and subclavian trunks on their re- 
spective sides, near the junctions of the two 
ducts with the venous system. 

Lymphatic vessels are arranged in superfi- 
cial and deep sets. The superficial lymphatic 
vessels are placed immediately beneath the 
integument, accompanying the superficial 
veins. They join the deep lymphatic vessels 
at certain sites by perforating the deep fas- 
cia. The deep lymphatic vessels, fewer in 
number but larger than the superficial, ac- 
company the deep blood vessels. 

In the interior of the body, lymphatic ves- 
sels lie in the submucous areolar tissue 
throughout the whole length of the digestive, 
respiratory, and genitourinary tracts, and in 
the subserous tissue of the thoracic and ab- 
dominal walls. Plexiform networks of mi- 
nute lymphatic vessels are found inter- 
spersed among the parenchymal elements 
and blood vessels of the several tissues. The 
lymphatic vessels that compose the network, 
as well as the meshes between them, are 
much larger than those of the capillary 
plexus. From these networks small vessels 
emerge and pass either to a neighboring 
node or join some larger lymphatic trunk. 

The lymphatic vessels in any region of the 
body or in any organ exceed the veins in 
number, but they are much smaller in diam- 
eter. Their anastomoses, especially those of 
the large trunks, are also more frequent. 
These anastomoses are effected by vessels 
equal in diameter to those that they connect, 
and the continuing trunks retain the same 
diameter. 


Microscopic Structure of 
Lymphatic Vessels and 
Lymph Nodes 


The lymphatic vessels are channels 
through which lymphatic fluid from tissue 
spaces passes in a one-way direction into the 
venous system. Along the course of the lym- 
phatic vessels are located encapsulated ac- 
cumulations of lymphatic tissue, the lymph 
nodes, within which the lymphocytes are 
formed. 
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LYMPHATIC CAPILLARIES. [Lymphatic capil- 
laries are thin, endothelial-lined channels 
whose walls are even more delicate than 
those of capillaries of the blood vascular 
system (Fig. 10-5). Frequently the contiguous 
edges of adjacent endothelial cells overlap, 
and fine anchoring filaments of collagen 
appear to attach the outer surface of the en- 
dothelium to the surrounding tissue. Lym- 
phatic capillaries do not possess a well- 
developed basal lamina, and not only do 
they allow the passage of extracellular 
fluids through their walls, but they also ab- 
sorb back into the circulation considerable 
amounts of proteins that have escaped into 
the interstitial spaces. 

LARGER LYMPHATIC VESSELS. Lymphatic 
vessels whose diameters measure 1 to 2 mm 
are considered to be collecting vessels, and 
their walls are somewhat thicker and better 
defined than those of lymphatic capillaries. 
Nonetheless, they are readily distinguisha- 
ble from blood vessels because their walls 
are considerably thinner than those of ar- 
teries and veins of comparable diameter. 
The walls of lymphatic vessels that measure 
more than 2 mm in diameter are composed 
of three layers, similar to those of blood ves- 
sels, but the boundaries of these tunics are 
not easily distinguishable. 

The internal coat is thin, transparent, and 
slightly elastic, consisting of a layer of elon- 
gated endothelial cells with wavy margins 
by which the contiguous cells are dove- 
tailed. The endothelial cells are supported 
on an elastic membrane. The middle coat is 
composed of smooth muscle cells that are 
disposed in a circular or oblique manner, 
and fine elastic fibers that are oriented in a 
transverse direction. The external coat is 
fairly well developed and consists of con- 
nective tissue intermixed with smooth mus- 
cle fibers that course longitudinally or ob- 
liquely. This adventitia forms a protective 
covering over the other coats, and connects 
the vessel with the neighboring structures. 

The thoracic duct is the largest of the lym- 
phatic vessels, measuring about 0.5 cm in 
diameter. Its wall is somewhat more com- 
plex than that of other lymphatic vessels, 
having a tunica intima that consists of endo- 
thelial cells, deep to which are collagenous 
and elastic fibers. The subendothelial elastic 
fibers form an internal elastic membrane 
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Fig. 10-5. An electron micrograph of a lymphatic capillary in cross-section. Note the close association of the sur- 
rounding connective tissue (CT) with the capillary wall which is maintained by anchoring filaments (af). The extreme 
narrowing (arrows) achieved by the endothelium is illustrated at several regions of the capillary wall. Observe that the 
nucleus (n) protrudes into the capillary lumen. nu: nucleolus; i: several intercellular junctions; m: mitochondria. 
11,000 x. (From Leak, 1970). 
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similar to that found in the arteries. In the 
tunica media there is, in addition to muscu- 
lar and elastic fibers, a layer of connective 
tissue with longitudinally arranged fibers. 
The tunica adventitia consists of both con- 
nective tissue and bundles of smooth muscle 
fibers, and it tends to blend with surround- 
ing connective tissue. 

The larger lymphatic vessels are supplied 
by nutrient vessels, which are distributed to 
their outer and middle coats, as well as by 
unmyelinated nerve fibers, which form fine 
plexuses in their wall. 

The valves of lymphatic vessels are 
formed by thin layers of fibrous connective 
tissue, covered on both surfaces by endothe- 
lium, and having the same arrangement as 
the valves in veins. The valves consist of 
semilunar cusps that are attached by their 
convex edges to the wall of the vessel, the 
concave edges being free and directed along 
the course of the contained current. Usually 
two such cusps of equal size are found oppo- 
site each other, but occasionally exceptions 
occur, especially at or near the anatomoses 
of lymphatic vessels. In such cases one cusp 
may be small and the other proportionately 
larger. At times, a valve may consist of three 
cusps. Valves are placed at much shorter in- 
tervals in lymphatic vessels than in the 
veins. They are most numerous near lymph 
nodes, and are found more frequently in 
lymphatic vessels of the neck and upper ex- 
tremity than in those of the lower extremity. 
The wall of the lymphatic vessel immedi- 
ately above the point of attachment of each 
cusp of a valve is expanded into a pouch or 
sinus that gives to these vessels, when dis- 
tended, a characteristic knotted or beaded 
appearance. Valves are wanting in the capil- 
laries that compose the plexiform network, 
from which the larger lymphatic vessels 
originate. Lymph is propelled by contrac- 
tions of the walls in the larger lymphatic 
vessels, or by the motion of surrounding 
structures in smaller vessels. The valves pre- 
vent the backward flow of lymph. 


STRUCTURE OF LYMPH NODES 


Lymph nodes are small oval or bean- 
shaped bodies that are situated along the 
course of lymphatic vessels so that lymph 
will filter through them on its way to the 
blood. Each node generally has a slight de- 
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pression on one side, the hilus, through 
which the blood vessels enter and leave 
(Figs. 10-6; 10-7). The efferent lymphatic ves- 
sels also emerge from the hilus, while the 
afferent lymphatic vessels enter lymph 
nodes at various places on the periphery. 
When a fresh lymph node is transected, it 
displays a lighter, outer cortex, surrounding 
an inner, darker medulla. The boundary be- 
tween these is indefinite, but at the hilus the 
cortex is deficient and the medulla extends 
to the nodal surface (Fig. 10-6). The afferent 
lymph vessels carry fluid to the nodal pe- 
riphery, where it achieves the cortex, and 
after traversing the node, lymph leaves the 
medulla by way of the efferent lymphatic 
vessels at the hilus (Fig. 10-7). 

Lymph nodes measure 1 to about 30 mm in 
diameter, and each consists of enormous 
numbers of lymphocytes, plasma cells, and 
macrophages, densely packed into masses 
that are partially subdivided into a series of 
cortical nodules and medullary cords by 
anastomosing connective tissue trabeculae, 
bordered by lymph sinuses. The trabeculae 
extend into the node from the collagenous 
connective tissue capsule and the hilus. An 
intricate network of reticular fibers extends 
from the trabeculae to form a supporting 
meshwork for the lymphoid elements (Fig. 
10-8). A continuous narrow channel, proba- 
bly lined by endothelial cells and macro- 
phages, is found just beneath the capsule. 
From this subcapsular or marginal sinus 
arise other radially-oriented sinuses that 
border the trabeculae; these course through 
the cortex and medulla and are appropri- 
ately called cortical sinuses and medullary 
sinuses (Figs. 10-6 to 10-8). The afferent lym- 
phatic vessels open into the subcapsular 
sinus, and the efferent vessels arise from the 
medullary sinuses. As lymph slowly passes 
through this system of channels from affer- 
ent to efferent vessels, its flow is retarded by 
the large numbers of reticular fibers that 
project across the sinuses in all directions. 
The elegantly intricate architecture of the 
lymph node allows the lymphatic fluid an 
abundant exposure to the lymphoid ele- 
ments that surround the sinuses, thereby 
creating an effective means by which foreign 
elements in the tissue fluids may be de- 
tected, attacked, and phagocytosed. Numer- 
ous flattened stellate endothelial cells and 
macrophages cling to the reticular fibers. 

The supporting stromal structures of a 
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Fic. 10-6. A cross-section view through a lymph node. Stained with hematoxylin and eosin. 32 x . (From di Fiore, M., 
Atlas of Human Histology, 5th ed., Lea & Febiger, Philadelphia, 1981.) 
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Fic. 10-7. Diagram of a lymph node indicating how the afferent lymphatic vessels open into the subcapsular sinus. 
Lymph then flows through the cortical sinuses and the medullary sinuses before leaving by way of the efferent 
lymphatic vessels. (After Bloom and Fawcett, A Textbook of Histology, 9th ed., 1968.) 


lymph node include the collagenous connec- 
tive tissue capsule, which also contains net- 
works of elastic fibers and a few smooth 
muscle cells, its trabecular extensions, and 
the finer reticular fibers (Figs. 10-8; 10-9). The 
capsule is thicker at the hilum, where blood 
vessels enter and leave the node along with 


their accompanying vasomotor nerve fibers. 


The parenchymal tissue of a lymph node 
is organized within the cortex into dense 
spherical masses of lymphoid cells, called 
primary lymphoid follicles or primary nod- 
ules (Figs. 10-6 to 10-8). Within these follicles 
are frequently found central areas where 
mitotic nuclei indicate multiplication of the 
lymphocytes. These areas are termed germi- 
nal centers or secondary nodules. The cells 
that compose them have more abundant pro- 
toplasm than the peripheral cells, and con- 
sist of large and medium-sized lymphocytes. 
Other, more diffusely disseminated lymph- 
oid tissue is found between the primary fol- 
licles in the cortex of the node (Figs. 
10-8; 10-9). Within the medulla, the lymph- 


oid tissue is even more diffuse and helps to 
form the medullary cords that are oriented 
toward the hilus. These cords are aggrega- 
tions of lymphocytes, plasma cells, and mac- 
rophages that usually surround blood ves- 
sels and reticular fibers. 

HEMAL NODES. Although a few red blood 
cells are normally found in lymph nodes, 
hemal nodes contain exceptionally large 
numbers of erythrocytes. They are found in 
certain animals, notably ruminants, but 
probably only occur as pathologic structures 
in man. Hemal nodes are quite small and 
resemble lymph nodes in structure, but are 
likely to be without afferent and efferent 
lymphatic vessels and are engorged with 
blood. 

tymepH. Although lymph should be de- 
fined as the fluid within the walls of a closed 
system consisting of the lymphatic vessels, it 
should be understood that the composition 
of the lymph found in a regional set of lym- 
phatics is nearly identical with that of the 
interstitial or tissue fluid of the region being 


8 / 6 TE L iVIFOINVA By i fee. ivi 


Capsule 


Trabecula 


Subcapsular 
sinus 


Primary lymphoid 
follicle 


"< | 


Fic. 10-8. 





This is a photomicrograph of a human lymph node showing the capsule, the subcapsular sinus and 


portions of two primary lymphoid follicles which are separated by a darkly impregnated connective tissue trabecula. 


360 x. (Counterstained silver preparation.) 


drained. Thus, lymphatic fluids derived 
from different parts of the body have differ- 
ent chemical compositions. Interstitial fluid 
has an average protein concentration of 
2gm/100 ml, as does lymph; however, 
lymph drained from the liver and intestines 
may have protein levels two to three times 
higher, and after a fatty meal, lymph from 
the intestinal lacteals may have a fat concen- 
. tration high enough to make the fluid milky 
white. 

Frequently, lymph has been called an ul- 
trafiltrate of blood plasma, but the important 
issue is that lymphatic capillaries are capa- 
ble of reabsorbing proteins, a process that 
does not occur to any appreciable degree at 
the venule end of the blood capillary system. 
Although venules reabsorb water, the pro- 
teins that leak into the interstitial spaces 
remain behind in the tissues. Unless reab- 
sorption of proteins by the lymphatie capil- 


laries occurs, death can follow in one or 
two days. 

Lymph that drains from the limbs is gener- 
ally a colorless or slightly yellow watery 
fluid with a specific gravity slightly over 1. 
When examined under the microscope, leu- 
kocytes of the lymphocyte class are found 
floating in the transparent fluid. They always 
increase in number after the passage of the 
lymph through lymphoid tissue, as in lymph 
nodes. 


Large Lymphatic Vessels 


THORACIC DUCT 


The thoracic duct conveys a greater part 
of the lymph in the body back into the blood 
vascular system (Figs. 10-10; 10-22). It is the 
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Fig. 10-9. High magnification of a portion of the subcapsular sinus and primary lymphoid follicle in the lymph node 
shown in Figure 10-8. Note the meshwork of reticular fibers and dense masses of lymphoid tissue which characterize 
the follicle and the looser lymphoid elements in the subcapsular sinus. 900 x. (Counterstained silver preparation.) 


common trunk of all the lymphatic vessels 
except those on the right side of the head, 
neck, and thorax, the right upper limb, the 
right lung, right side of the heart, and the 
diaphragmatic surface of the liver. In the 
adult, the thoracic duct varies in length from 
38 to 45cm and extends from the second 
lumbar vertebra to the root of the neck. It 
begins in the abdomen by a dilatation, the 
cisterna chyli, which is situated on the ante- 
rior surface of the body of the first and sec- 
ond lumbar vertebrae, to the right side of 
and behind the aorta, and adjacent to the 
right crus of the diaphragm. The duct then 
enters the thorax through the aortic hiatus of 
the diaphragm, and ascends through the pos- 
terior mediastinum between the aorta and 
azygos vein. Dorsal to it in this region are the 
vertebral column, the right intercostal ar- 
teries, and the hemiazygos veins, which 
cross the midline to open into the azygos 


vein. Ventral to it are the diaphragm, the 
esophagus, and the pericardium, the latter 
being separated from the duct by a recess in 
the right pleural cavity. 

Opposite the fifth thoracic vertebra, the 
thoracic duct inclines toward the left side 
and enters the superior mediastinum. Its 
ascent in the thorax continues to the tho- 
racic inlet, dorsal to the aortic arch and the 
thoracic part of the left subclavian artery, 
and between the left side of the esophagus 
and the left pleura.. 

Passing into the root of the neck on the left 
side, the thoracic duct forms an arch that 
rises about 3 or 4cm above the clavicle, 
crossing anterior to the subclavian artery, 
the vertebral artery and vein, and the thyro- 
cervical trunk or its branches. It also passes 
ventral to the phrenic nerve and the medial 
border of the scalenus anterior muscle, and 
dorsal to the left common carotid artery, 


878 I: 


LYMPHATIC SYSTEM 


Right 
lymphati 









. Internaldug leyr 


Posterior 
intercostal 


Lumbar | 


Fic. 10-10. The thoracic and right lymphatic ducts. 


vagus nerve, and internal jugular vein. It 
terminates by opening into the angle of junc- 
tion of the left subclavian vein and the left 
internal jugular vein. 

The thoracic duct is about 3 to 5mm in 
diameter at its commencement, but its cali- 
ber diminishes considerably in the middle of 
the thorax, and again dilates just before its 


termination. It is generally flexuous and con- 
stricted at intervals and presents a varicose 
appearance. Not infrequently, it divides in 
the middle of its course into two vessels of 
unequal size that soon reunite, or into sev- 
eral branches that form a plexiform inter- 
lacement. It occasionally divides in the 
upper part of its course into two branches, 
right and left, the left ending in the usual 
manner, while the right opens into the right 
subclavian vein with the right lymphatic 
duct. 

The thoracic duct has several valves. At its 
junction with the venous system, it has a bi- 
cuspid valve, and the free borders of the 
cusps of this valve are directed toward the 
vein to prevent the reflux of venous blood 
into the duct. 

CISTERNA CHYLI. The cisterna chyli is a 
dilated sac anterior to the bodies of the two 
uppermost lumbar vertebrae; it forms the 
origin of the thoracic duct (Figs. 10-10; 10- 
11). It lies lateral to the right crus of the dia- 
phragm, and it receives the right and left 
lumbar lymphatic trunks, along with the in- 
testinal lymphatic trunks. The lumbar 
trunks are formed by the union of the effer- 
ent vessels from the lateral aortic lumbar 
lymph nodes. They receive lymph from the 
lower limbs, the walls and viscera of the pel- 
vis, the kidneys, suprarenal glands, ovaries 
or testes, and the deep lymphatics of the 
greater part of the abdominal wall. The in- 
testinal trunks consist of large lymphatic 
vessels that receive lymph from the stomach 
and intestine, the pancreas and spleen, and 
the visceral surface of the liver. 


Tributaries of the Thoracic Duct 


Opening into the thoracic duct near the 
cisterna chyli, on each side, is a descending 
trunk from the posterior intercostal lymph 
nodes that drains the lower six or seven in- 
tercostal spaces. On each side of the thorax, 
the duct is joined by a trunk that drains the 
upper lumbar lymph nodes and pierces the 
crus of the diaphragm. It also receives effer- 
ent vessels from the posterior mediastinal 
lymph nodes and from the posterior inter- 
costal lymph nodes of the upper six spaces 
on the left side. In the neck, it is frequently 
joined by the left jugular trunk, which 
drains the left side of the head and neck, and 
the left subclavian trunk from the left upper 
extremity. Sometimes it also receives the left 
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Modes of origin of thoracic duct. a, Thoracic duct. a’, Cisterna chyli. b, c, Efferent trunks from lateral 


aortic node. d, An efferent vessel which pierces the left crus of the diaphragm. e, f, Lateral aortic nodes. h, Retroaortic 
nodes. i, Intestinal trunk. j, Descending branch from intercostal lymphatics. (Poirier and Charpy.) 


bronchomediastinal trunk; however, this 
vessel usually opens independently into the 
junction of the left subclavian and internal 
jugular veins. 


RIGHT LYMPHATIC DUCT 


The right lymphatic duct measures about 
1.25 cm in length. It courses along the medial 
border of the right scalenus anterior muscle 
at the root of the neck, and ends in the right 
subclavian vein, at its angle of junction with 
the right internal jugular vein. Its orifice is 
guarded by a bicuspid valve, the two semilu- 
nar cusps of which prevent the passage of 
venous blood into the duct. 


Tributaries of the Right Lymphatic Duct 


The right lymphatic duct receives lymph 
from the right side of the head and neck 
through the right jugular trunk, from the 





right upper extremity through the right sub- 
clavian trunk, and from the right side of the 
thorax, right lung, right side of the heart, and 
part of the convex surface of the liver 
through the right bronchomediastinal trunk. 
Although a single right lymphatic duct, 
formed by the junction of these three trunks, 
occurs at times, more frequently these 
trunks open separately near the angle of 
junction of the right internal jugular and 
right subclavian veins (Fig. 10-12). 


Lymphatic Vessels and Nodes of 
the Head and Neck 


For the most part, lymph that drains from 
the superficial structures in the head initially 
flows into superficial vessels and nodes in 
the upper neck (Fig. 10-13). It is then directed 
into the deep cervical nodes, which also re- 


Fig. 10-12. Terminal collecting trunks of right side. a, Jugular trunk. b, Subclavian trunk. c, Bronchomediastinal 
trunk. d, Right lymphatic trunk. e, Node of internal mammary chain. f, Node of deep cervical chain. (Poirier and 


Charpy.) 
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Fic. 10-13. Superficial lymph nodes and lymphatic vessels of head and neck. 


ceive lymphatic channels from deeper strue- 
tures in the face and head, as well as from 
the deeper viscera of the neck. In the deep 
neck the lymphatic vessels join to form the 
jugular trunk, which on the right side joins 
the right lymphatie duct or opens directly 
into the right subclavian vein, and on the left 
side joins the thoracic duct. The following 
description will consider first the lymphatic 
vessels and lymph nodes of the head, and 
then the lymphatic vessels and nodes of the 
neck. 


LYMPHATIC VESSELS OF THE HEAD 


The lymphatic vessels of the head include 
those that drain the scalp, external ear, face, 
walls of the nasal cavity, and mouth, as well 
as those of the walls of the oral cavity, pala- 
tine tonsils, and tongue. 


LYMPHATIC VESSELS OF THE SCALP. The 


lymphatic vessels that drain the scalp in- 
clude those from the temporoparietal region 
and those that drain the occipital region (Fig. 
10-13). The temporoparietal vessels end in 
superficial parotid and  retromandibular 
nodes, while the occipital vessels terminate 
partly in the occipital nodes and partly in a 
trunk that runs downward along the poste- 
rior border of the sternocleidomastoid mus- 
cle and ends in the inferior deep cervical 
nodes. Lymphatic vessels that drain the 
frontal region of the scalp above the nose 
will be considered with the facial channels. 

LYMPHATIC VESSELS OF THE EXTERNAL EAR. 
The lymphatic vessels draining the auricula 
of the external ear and the walls of the exter- 
nal acoustic meatus are also divisible into 
three groups: anterior, posterior, and infe- 
rior. The anterior auricular vessels drain the 
lateral surface of the pinna and the anterior 
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wall of the meatus and flow to the anterior 
auricular nodes, situated immediately in 
front of the tragus. The posterior auricular 
vessels drain the margin of the auricula and 
the upper part of its cranial surface, and the 
internal surface and posterior wall of the 
meatus, and flow to the posterior auricular 
and superior deep cervical nodes. The infe- 
rior auricular vessels from the floor of the 
external acoustic meatus and the lobule of 
the auricula drain downward into superfi- 
cial and superior deep cervical nodes. 
LYMPHATIC VESSELS OF THE FACE. The lym- 
phatic vessels of the face are more numerous 
than those of the scalp. The palpebral ves- 
sels from the eyelids and the conjunctival 
vessels drain partly downward to the sub- 
mandibular nodes, but principally laterally 
and posteriorly to the parotid nodes (Figs. 
10-13; 10-14). Lymphatic vessels from the 
posterior part of the cheek also pass to the 
parotid nodes, while those from the anterior 
portion of the cheek, the side of the nose, the 
upper lip, and the lateral portions of the 
lower lip end in the submandibular nodes. 
The deep temporal and infratemporal ves- 
sels pass to the deep facial and superior 
deep cervical nodes. The deeper vessels of 
the cheek and lips, like the more superficial 
lymphatics, terminate in the submandibular 
nodes. Both superficial and deep labial ves- 


Parotid 


Superficial 
cervical 


VEO 





881 


S| AND NO 
sels from the central part of the lower lip 
course to the submental nodes. 

LYMPHATIC VESSELS OF THE NASAL CAVITY. 
From the anterior parts of the walls of the 
nasal cavity, lymphatic vessels communi- 
cate with channels from the integument of 
the nose, and therefore, end in the subman- 
dibular nodes. Lymphatic vessels from the 
posterior two-thirds of the nasal cavity and 
the paranasal air sinuses pass partly to the 
retropharyngeal and partly to the superior 
deep cervical nodes. 

LYMPHATIC VESSELS OF THE MOUTH. Lym- 
phatic vessels of the gums pass to the sub- 
mandibular nodes. Channels that drain the 
hard palate are continuous in front with 
those of the upper gum, but pass backward 
to pierce the superior pharyngeal constrictor 
muscle and end in the superior deep cervical 
and subparotid nodes. Lymphatic vessels of 
the soft palate pass backward and laterally, 
and end partly in the retropharyngeal and 
subparotid nodes, and partly in the superior 
deep cervical nodes. The vessels of the ante- 
rior part of the floor of the mouth pass either 
directly to the inferior nodes of the superior ~ 
deep cervical group, or indirectly through 
the submental nodes. Lymphatics from the 
remainder of the floor of the mouth pass to 
the submandibular and superior deep cervi- 
cal nodes. 


\ Facial 
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Fic. 10-14. The lymphatics and lymph nodes of the lateral aspect of the face. (After Kuttner.) 
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Lymphatic Vessels from Palatine Tonsil. 
Usually three to five lymphatic vessels arise 
from the palatine tonsil. These pierce the 
buccopharyngeal fascia and the superior 
pharyngeal constrictor muscle, and pass be- 
tween the stylohyoid muscle and the inter- 
nal jugular vein to the most superior deep 
cervical node (Fig. 10-15). They end in a 
node, called the jugulodigastric node, which 
lies at the side of the posterior belly of the 
digastric muscle and adjacent to the internal 
jugular vein. Occasionally one or two addi- 
tional vessels course to small nodes on the 
lateral side of the internal jugular vein, 
under cover of the sternocleidomastoid 
muscle. 

Lymphatic Vessels from the _ Tongue. 
Lymphatic vessels that arise in the tongue 
drain chiefly into the deep cervical nodes 
that lie between the posterior belly of the 
digastric muscle and the superior belly of 
the omohyoid muscle (Fig. 10-15). One 
lymph node, situated at the bifurcation of 
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the common carotid artery and posterior to 
the internal jugular vein and the omohyoid 
muscle, is intimately associated with these 
vessels; it is called the jugulo-omohyoid 
node and has frequently been referred to as 
the principal node of the tongue. The lym- 
phatic vessels of the tongue can be divided 
into four groups: apical (vessels from the tip 
of the tongue that course to the suprahyoid 
nodes and the jugulo-omohyoid node); lat- 
eral or marginal (vessels from the margin of 
the tongue, some of which pierce the mylo- 
hyoid muscle and end in the submandibular 
nodes, while others pass downward on the 
hyoglossus muscle to the superior deep cer- 
vical nodes) (Fig. 10-16); basal (channels 
from the region of the vallate papillae that 
travel to the superior deep cervical nodes); 
and median or central (a few vessels from 
the more anterior central region) that perfo- 
rate the mylohyoid muscle to reach the sub- 
mental and submandibular nodes, although 
the majority turn around the posterior bor- 
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The deep cervical lymphatic nodes and vessels of the right upper cervical triangle. The lymphatic 
drainage of the tongue is shown. (Eycleshymer and Jones.) 
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der of the muscle and enter both the supe- 
rior and inferior deep cervical lymph nodes. 

It is important to realize that lymphatics 
from the apical, median, and basal parts of 
the tongue course to deep cervical nodes on 
both sides of the neck, whereas lymphatic 
vessels from the lateral margins of the 
tongue initially flow to nodes on the same 
side (Fig. 10-16). 


LYMPH NODES OF THE HEAD 


The lymph nodes of the head are arranged 
in the following groups: 


Occipital 
Retroauricular 
Superficial parotid 
Deep parotid 
Facial 

Deep facial 
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OCCIPITAL LYMPH NODES. The occipital 
lymph nodes, one to three in number, are 
located on the back of the head, close to the 
margin of the trapezius muscle, and rest on 
the insertion of the semispinalis capitis (Figs. 
10-13; 10-18). Their afferent vessels drain the 
occipital region of the scalp, while their ef- 
ferent vessels pass to the superior deep cer- 
vical nodes. 

RETROAURICULAR LYMPH NODES. The retro- 
auricular lymph nodes, usually two in num- 
ber, are situated on the mastoid insertion of 
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the sternocleidomastoid muscle, deep to the 
posterior auricular muscle (Figs. 10-13; 10- 
18). Their afferent vessels drain the posterior 
part of the temporoparietal region, the upper 
part of the cranial surface of the auricula or 
pinna, and the posterior part of the external 
acoustic meatus; efferent vessels pass to the 
superior deep cervical nodes. 

SUPERFICIAL PAROTID LYMPH NODES. The 
superficial parotid or preauricular nodes 
usually number three or more, and they lie 
immediately anterior to the tragus of the ex- 
ternal ear (Figs. 10-13; 10-14). Their afferent 
vessels drain the lateral surface of the au- 
ricula, external acoustic meatus, root of the 
nose, eyelids, and frontotemporal region of 
the scalp, while their efferent vessels pass to 
the superior deep cervical nodes. 

DEEP PAROTID LYMPH NODES. The deep 
parotid lymph nodes are arranged in two 
groups. One group is embedded in the sub- 
stance of the parotid gland, and a second 
group, the subparotid nodes, is located deep 
to the gland and lies on the lateral wall of the 
pharynx. These deep parotid nodes receive 
lymphatic afferents from the parotid gland, ~ 
the posterior parts of the palate, the floor of 
the nasal cavity, and the walls of the tym- 
panic cavity of the middle ear; the efferent 
vessels of these nodes pass to the superior 
deep cervical nodes. Other afferent vessels 
to the subparotid nodes drain the nasal part 
of the pharynx and the posterior parts of the 
nasal cavities, while the efferent vessels also 
pass to the superior deep cervical nodes. 
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A diagram to show the course of the marginal and central lymphatic vessels of the tongue 


to the lymph nodes on both sides of the neck. (Jamieson and Dobson.) 
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FACIAL LYMPH NODES. The facial lymph 
nodes consist of maxillary, buccal, and man- 
dibular nodes (Fig. 10-13). The maxillary 
nodes are scattered over the infraorbital re- 
gion, from the groove between the nose and 
cheek to the zygomatic arch. The buccal 
nodes, one or more, are placed over the buc- 
cinator muscle, opposite the angle of the 
mouth. The mandibular nodes lie on the 
outer surface of the mandible, in front of the 
masseter muscle and in contact with the fa- 
cial artery and vein. Their afferent vessels 
drain the eyelids, the conjunctiva, and the 
skin and mucous membrane of the nose and 
cheek, and their efferent vessels pass to the 
submandibular nodes (Figs. 10-13; 10-14). 

DEEP FACIALLYMPH NODES. The deep facial 
or internal maxillary nodes are placed deep 
to the ramus of the mandible, on the outer 
surface of the lateral pterygoid muscle, in 
relation to the maxillary artery. Their affer- 
ent vessels drain the temporal and infratem- 
poral fossae and the nasal part of the phar- 
ynx, while their efferents pass to the 
superior deep cervical nodes. 

LINGUAL LYMPH NODES. ‘Two or three small 
lingual nodes are located along the surface 
of the hyoglossus muscle and under the geni- 
oglossus muscle. They serve as substations 
in the course of the lymphatic vessels of the 
tongue to the deep cervical nodes. 

RETROPHARYNGEAL LYMPH NODES. The ret- 
ropharyngeal lymph nodes, one to three in 
number, lie in the buccopharyngeal fascia, 
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behind the upper part of the pharynx and 
anterior to the arch of the atlas, from which 
they are separated by the longus capitis mus- 
cle (Fig. 10-17). Their afferent vessels drain 
the nasal cavity, nasal part of the pharynx, 
and auditory tubes, while their efferent ves- 
sels pass to the superior deep cervical nodes. 


LYMPHATIC VESSELS OF THE NECK 


In addition to draining the skin and mus- 
cles of the neck, the lymphatic vessels of this 
region serve the pharynx and upper esopha- 
gus, the larynx and upper trachea, and the 
thyroid gland. Lymphatics from the skin and 
strap muscles of the anterolateral neck drain 
into the deep cervical nodes. 

The lymphatic vessels from the pharynx 
generally drain backward, laterally, and 
downward, while those from the nasophar- 
ynx and pharyngeal tonsil drain to the lat- 
eral retropharyngeal nodes (Fig. 10-17). From 
the oropharynx and palatine tonsil, lym- 
phatics drain to the superior deep cervical 
chain of nodes, and especially to the 
jugulodigastric node (Figs. 10-15; 10-18). 
From the laryngeal pharynx and upper 
esophagus, lymphatic vessels course in the 
piriform sinus and paratracheal region to the 
inferior deep cervical nodes. 

Numerous lymphatic vessels drain the lar- 
ynx. They are divided into two sets, a supe- 
rior and an inferior, by the vocal fold, which 
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Lymphatics and lymph nodes of the pharynx. (Poirier and Charpy.) 
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Fic. 10-18, The deep lymphatic vessels and nodes on the right side of the head, neck, and axilla. 


itself does not contain numerous vessels. 
The vessels of the superior set pierce the 
thyrohyoid membrane, course with the su- 
perior laryngeal artery, and join the superior 
deep cervical nodes. The inferior set of la- 


ryngeal lymphatic vessels courses along 
branches of the inferior thyroid artery. Some 
pierce the conus elasticus and join the pre- 
tracheal and prelaryngeal nodes, while oth- 
ers course between the cricoid and first tra- 
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cheal ring and descend to the inferior deep 
cervical nodes. 

The lymphatic vessels of the thyroid gland 
also consist of superior and inferior sets; 
these follow the branches of the superior 
anc inferior thyroid artery. The superior set 
drains the upper margin of the isthmus and 
the upper parts of the lateral lobes of the 
gland, and enters the superior deep cervical 
nodes. The inferior set drains most of the 
isthmus and the lower parts of the lateral 
lobes. Both sets descend to the deep inferior 
cervical nodes by way of both the pretra- 
cheal and paratracheal nodes, the latter ac- 
companying the recurrent laryngeal nerves. 
Lymphatic vessels from the cervical portion 
of the trachea also drain into these para- 
tracheal nodes. Some lymphatic vessels of 
the thyroid gland may open directly into the 
large veins in the root of the neck, or into the 
thoracic duct. 


LYMPH NODES OF THE NECK 


The lymph nodes of the neck include the 
following groups: 


Submandibular 
Submental 
Superficial cervical 
Anterior cervical 
Deep cervical 


SUBMANDIBULAR LYMPH NODES. The sub- 
mandibular chain of lymph nodes, three to 
six in number, are located beneath the body 
of the mandible in the submandibular tri- 
angle (Figs. 10-13 to 10-15; 10-18). They usu- 
ally rest on the superficial surface of the sub- 
mandibular salivary gland, but may extend 
as far forward as the border of the anterior 
belly of the digastric muscle. One node, 
which lies on the facial artery as it turns 
over the mandible, is the largest and most 
‘constant of the series. Additional small 
lymph nodes are sometimes found on the 
deep surface of the submandibular salivary 
gland. Afferent lymphatic vessels to the sub- 
mandibular nodes drain the medial palpe- 
bral commissure of the eye, the cheek, the 
side of the nose, the upper lip, the lateral part 
of the lower lip, the gums and teeth, the an- 
terior part of the margin of the tongue (ex- 
cept the tip), the frontal, maxillary, and eth- 
moidal sinuses, as well as the efferent vessels 
from the facial and submental nodes. Thus, 


not only superficial integumentary struc- 
tures, but also mucous membranes, drain 
into the submandibular nodes, and in turn, 
their efferent vessels pass to both superficial 
cervical and superior deep cervical nodes. 

SUBMENTAL LYMPH NODES. Three or four 
small submental lymph nodes are found in 
the submental triangle between the anterior 
bellies of the digastric muscles (Figs. 10-13; 
10-18). Their afferents drain a _ centrally 
placed wedge of tissue that includes the inci- 
sor region of the lower gum and lips, tip of 
the tongue, central part of the floor of the 
mouth, and skin of the chin. Efferent vessels 
from the submental nodes pass partly to 
the submandibular nodes, and partly to the 
deep cervical chain, especially the jugulo- 
omohyoid node. 

SUPERFICIAL CERVICAL LYMPH NODES. The 
superficial cervical lymph nodes lie in close 
relationship with the external jugular vein 
as it emerges from the parotid gland, and 
therefore are located superficial to the sterno- 
cleidomastoid muscle (Figs. 10-13; 10-14). 
Their afferent vessels drain the lower parts 
of the external ear and parotid region, while 
their efferent channels pass around the ante- 
rior margin of the sternocleidomastoid mus- 
cle to join the superior deep cervical nodes. 

ANTERIOR CERVICAL LYMPH NODES. ‘The 
anterior cervical lymph nodes form an irreg- 
ular and inconstant group located below the 
hyoid bone and in front of the larynx, trachea, 
and thyroid gland. They may be divided into 
a superficial and a deep set. The superficial 
set is placed on the anterior jugular vein and 
drains the skin of the anterior region of the 
neck below the hyoid bone. The deep set is 
further subdivided into prelaryngeal nodes, 
which lie on the middle cricothyroid liga- 
ment, and pretracheal nodes, which are lo- 
cated ventral to the trachea. This deeper set 
drains the lower part of the larynx, the thy- 
roid gland, and the cervical part of the tra- 
chea. Its efferent vessels pass to the most in- 
ferior of the superior deep cervical nodes. 

DEEP CERVICAL LYMPH NODES. The deep 
cervical lymph nodes are numerous and 
large, forming a chain of 20 to 30 nodes along 
the carotid sheath and around the internal 
jugular vein. Lying by the side of the phar- 
ynx, esophagus, and trachea, the deep cervi- 
cal nodes extend from the base of the skull 
to the root of the neck. They are usually de- 
scribed in two groups, the superior and infe- 
rior deep cervical nodes. 


LYMPHATIC VESSELS AND NODES OF THE UPPER LIMB 


Superior Deep Cervical Lymph Nodes. The 
superior deep cervical nodes are located 
above the level at which the omohyoid mus- 
cle crosses the common carotid artery (Figs. 
10-13 to 10-15; 10-17; 10-18). They lie deep to 
the sternocleidomastoid muscle, in close re- 
lationship to the accessory nerve and the in- 
ternal jugular vein; some of the nodes lie 
anterior, and others posterior, to the vessel. 
The superior deep cervical nodes drain the 
occipital portion of the scalp, the auricula, 
the back of the neck, a considerable part of 
the tongue, and the larynx, thyroid gland, 
trachea, nasal part of the pharynx, nasal cav- 
ities, palate, and esophagus. They also re- 
ceive the efferent vessels from all the other 
nodes of the head and neck, except the infe- 
rior deep cervical nodes. The most superior, 
and one of the most important of these deep 
cervical nodes, lies just below the site where 
the posterior belly of the digastric muscle 
crosses the internal jugular vein and internal 
carotid artery. It is called the jugulodigastric 
lymph node and is located in a rather super- 
ficial position that allows it to be palpated 
with ease in the living patient (Fig. 10-18). It 
is sometimes called the subdigastric or ton- 
silar node, and it becomes swollen when 
the tonsil or pharynx is inflamed, or when 
there is a cancer on the posterior third of the 
tongue or the palatine tonsil. 

Inferior Deep Cervical Lymph Nodes. The 
inferior deep cervical nodes extend beyond 
the posterior margin of the sternocleido- 
mastoid muscle and into the supraclavicular 
triangle, where they are in close relationship 
to the brachial plexus and subclavian vein 
(Figs. 10-13; 10-15; 10-18). One large and rela- 
tively constant node in this group is the 
jugulo-omohyoid lymph node (Fig. 10-18). It 
lies on or immediately behind the internal 
jugular vein, just superior to the tendon of 
the omohyoid muscle. The inferior deep cer- 
vical nodes drain the back of the scalp and 
neck, the superficial pectoral region, part of 
the arm, and occasionally part of the supe- 
rior surface of the liver. In addition, they 
receive vessels from the tongue and the su- 
perior deep cervical nodes. These latter 
nodes pass partly to the inferior deep cervi- 
cal nodes, and partly to a trunk that unites 
with the efferent vessel of the inferior deep 
cervical nodes to form the jugular trunk. On 
the right side, this trunk ends in the junction 
of the internal jugular and subclavian veins, 
while on the left side it joins the thoracic 
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duct. A few minute paratracheal nodes are 
situdted alongside the recurrent laryngeal 
nerves on the lateral aspects of the trachea 
and esophagus. 


Lymphatic Vessels and Nodes of 
the Upper Limb 


The lymphatic drainage of the upper limb 
is directed along the routes of the major 
blood vascular channels. The superficial 
lymphatics generally follow the veins, while 
the deep lymphatics course with the arteries. 
For the most part, lymph from the upper 
limb drains to axillary nodes because the 
arm, forearm, and hand possess very few 
nodes and those few are exceedingly small. 


LYMPHATIC VESSELS OF THE UPPER LIMB 


The lymphatic vessels of the upper limb 
consist of two sets, superficial and deep. 

SUPERFICIAL LYMPHATIC VESSELS. 
perficial lymphatic vessels of the upper ex- 
tremity commence in the complex lym- 
phatic plexus that pervades the skin 
throughout the entire limb. The meshes of 
the plexus are much denser in the palm of 
the hand and on the flexor aspect of the dig- 
its than elsewhere. The digital plexuses are 
drained by vessels that course along the 
sides of each finger and incline backward to 
reach the dorsum of the hand (Fig. 10-19). 
From the dense palmar plexus, vessels pass 
in different directions, proximally toward 
the wrist, distally to join the digital vessels, 
medially to join the vessels on the ulnar bor- 
der of the hand, and laterally to those on the 
thumb. Several vessels from the central part 
of the palmar plexus unite to form a trunk 
that passes around the metacarpal bone of 
the index finger to join the vessels on the 
back of that digit and on the back of the 
thumb. Continuing proximally from around 
the wrist, the lymphatic vessels are col- 
lected, more or less as parallel channels, into 
radial, median, and ulnar groups, which ac- 
company, respectively, the cephalic, me- 
dian, and basilic veins in the forearm (Fig. 
10-20). A few of the ulnar lymphatics end in 
the small supratrochlear nodes that are lo- 
cated superficially just above the medial 
aspect of the cubital fossa, but the majority 
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Fig. 10-19. Lymphatic vessels of the dorsal surface of 
the hand. (Sappey.) 


pass directly to the lateral group of axillary 
nodes. Some of the radial vessels are col- 
lected into a trunk that ascends with the ce- 
phalic vein to the deltopectoral nodes (Figs. 
10-20; 10-21). The efferents from this group 
may penetrate the clavipectoral fascia, with 
the cephalic vein, to enter the apical group 
of axillary nodes in the infraclavicular re- 
gion, or they may ascend as far as the lower 
deep cervical nodes above the clavicle. 

DEEP LYMPHATIC vesseLs. The deep lym- 
phatic vessels accompany the deep blood 
vessels. In the forearm, they consist of four 
sets, which correspond to the radial, ulnar, 
anterior, and posterior interosseous arteries. 
They communicate at intervals with the su- 
perficial lymphatics, and some channels end 
in nodes that are occasionally found with 
these arteries. Along their ascent proximally 
in the arm, these deeper lymphatic vessels 
follow the course of the brachial artery. A 
few may even terminate in small nodes 
along these vessels, but most of them pass to 
the lateral group of axillary nodes. 


LYMPH NODES OF THE UPPER LIMB 


For the most part the lymph nodes of the 
upper limb are grouped in the axilla. How- 
ever, there exists a set of somewhat isolated, 
outlying, and more superficial nodes, which 
are small and receive afferent lymphatic ves- 
sels from some of the ascending channels of 
the forearm and arm. Therefore, the lymph 
nodes of the upper extremity will be de- 
scribed as consisting of superficial and deep 
sets. 

SUPERFICIAL LYMPH NODES. The super- 
ficial lymph nodes in the upper extremity are 
few and small, and they are located either 
deep to the epidermis or in the underlying 
superficial fascia, closely associated with 
large superficial veins. They include both 
supratrochlear and deltopectoral nodes. 

Supratrochlear Nodes. One or as many as 
five small supratrochlear nodes are present 
in the superficial fascia, above the medial 
epicondyle of the humerus, medial to the 
basilic vein (Fig. 10-20). Their afferents drain 
the middle, ring, and little fingers, the medial 
portion of the hand, and the superficial area 
over the ulnar side of the forearm, but these 
vessels are in free communication with the 
other lymphatic vessels of the forearm. 
Their efferent vessels also accompany the 
basilic vein and some join the deeper ves- 
sels. 

Deltopectoral Nodes. One or two delto- 
pectoral nodes are found beside the cephalic 
vein and within the deltopectoral triangle, 
between the pectoralis major and deltoid 
muscles, immediately below the clavicle. 

DEEP LYMPH NODES. The deep lymph 
nodes are chiefly grouped in the axilla, al- 
though a few tiny nodes may be found in the 
forearm, along the course of the radial, 
ulnar, and interosseous arteries, and in the 
arm along the medial side of the brachial ar- 
tery. 

The Axillary Nodes. The axillary lymph 
nodes (Fig. 10-21) are large, vary from 20 to 
30 in number, and are arranged in the fol- 
lowing groups: 


Lateral 

Pectoral (anterior) 
Subscapular (posterior) 
Central 

Apical (subclavicular) 


Lateral Group. The lateral group consists 
of four to six axillary nodes that are located 
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Fic. 10-20. The superficial lymph nodes and lymphatic vessels of the upper limb. 


medial and posterior to the axillary vein 
(Fig. 10-21). The afferents of these nodes 
drain the whole upper limb with the excep- 
tion of that part whose vessels accompany 
the cephalic vein. The efferent vessels pass 
partly to the central and apical groups of 
axillary nodes, and partly to the inferior 
deep cervical nodes. 

Pectoral Group. The pectoral or anterior 
group of four or five nodes lies along the lat- 
eral border of the pectoralis minor muscle, 
in relationship to the lateral thoracic artery 
(Fig. 10-21). Their afferent vessels drain the 
skin and muscles of the anterior and lateral 
thoracic walls, and the central and lateral 
parts of the mammary gland; their efferent 
vessels pass partly to the central and partly 
to the apical groups of axillary nodes. 


Subscapular Group. The subscapular or 
posterior group consists of six or seven axil- 
lary nodes placed along the lower margin of 
the posterior wall of the axilla in the course 
of the subscapular artery (Fig. 10-21). The 
afferents of this group drain the skin and 
muscles of the dorsal part of the neck and 
the posterior thoracic wall. Their efferents 
pass to the central group of axillary nodes. 

Central Group. A central group of three 
or four large axillary lymph nodes is embed- 
ded in the adipose tissue near the base of the 
axilla (Fig. 10-21). This group of nodes does 
not drain any specific part of the upper limb 
directly, but receives vessels from the lateral 
pectoral and subscapular groups of nodes. 
Its efferent vessels pass upward and medi- 
ally to the apical nodes. 
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Apical Group. The apical or subclavicu- 
lar group consists of 6 to 12 axillary lymph 
nodes situated partly behind the upper part 
of the pectoralis minor and partly in the 
apex of the axilla, medial and superior to the 
upper border of that muscle (Fig. 10-21). Its 
only direct territorial afferents are those that 
accompany the cephalic vein, and one or 
more that drain the upper peripheral part of 
the mammary gland; however, it receives the 
efferent vessels from all the other axillary 
nodes. The efferent vessels of the subclavic- 
ular group unite to form the subclavian 
trunk, which opens either directly into the 
junction of the internal jugular and subcla- 
vian veins or into the jugular lymphatic 
trunk; on the left side it may end in the tho- 
racic duct. A few efferents from the apical 
nodes usually pass to the inferior deep cervi- 
cal nodes. 


Lymphatic Vessels and Nodes of 
the Thorax 


In considering the lymphatic drainage of 
the thorax, initially the lymphatic vessels 
and then the lymph nodes will be described. 


LYMPHATIC VESSELS OF THE THORAX 


The lymphatic vessels of the thorax drain 
both the thoracic wall and the viscera lo- 
cated within the thoracic cavity. 


Lymphatic Vessels of the Thoracic Wall 


The lymphatic vessels of the thoracic wall 
include the more superficial lymphatic 
channels that drain the skin and superficial 
fascia (which on the anterior thoracic wall 
includes the mammary gland) and _ the 
deeper lymphatic vessels that drain the mus- 
culature of the thorax, the intercostal spaces, 
and the diaphragm. 

SUPERFICIAL LYMPHATIC VESSELS OF THE THO- 
RACIC WALL. The superficial lymphatic 
channels of the thoracic wall ramify beneath 
the skin and converge on the axillary nodes. 
These vessels drain the back region superfi- 
cial to the trapezius and latissimus dorsi 
muscles, and they course anteriorly and 
unite to form about 10 or 12 trunks that ter- 
minate in the subscapular group of axillary 


lymph nodes (Fig. 10-21). The vessels that 
drain the pectoral region, including channels 
from the skin covering the peripheral part of 
the mammary gland. course dorsally, but 
those over the serratus anterior muscle 
course superiorly, to the pectoral group of 
axillary nodes. Others near the lateral mar- 
gin of the sternum pass inward, between the 
rib cartilages, and end in the parasternal 
nodes; the vessels of the two sides anasto- 
mose across the anterior surface of the ster- 
num. A few vessels from the upper part of 
the pectoral region ascend over the clavicle 
to the supraclavicular group of cervical 
nodes. 

Lymphatic Vessels of the Mammary 
Gland. The lymphatic vessels that drain the 
mammary gland are numerous and their 
great clinical importance stems from their 
role in the spread of malignant cells from 
carcinoma of the breast. Within the struc- 
ture of the gland, the lymphatic vessels origi- 
nate as channels that course along the 
interlobular spaces and the walls of the lac- 
tiferous ducts. Those vessels that drain the 
glandular tissue and overlying skin of the 
central part of the breast pass to an intricate 
plexus situated beneath the areola called the 
subareolar plexus (Fig. 10-21). This plexus 
also receives lymphatic vessels from the 
areola, as well as from the nipple. 

Efferent collecting vessels from both the 
superior and inferior aspectsof the subareolar 
plexus course laterally and then superiorly 
to the pectoral group of axillary lymph 
nodes. Other vessels may bypass the pecto- 
ral nodes and course laterally and dorsally 
to the subscapular group of axillary nodes, 
while a few channels from the superior part 
of the breast may course to the apical group 
of nodes (Fig. 10-21). 

Because most of the lymph draining the 
breast courses initially to the various groups 
of axillary nodes, this route is considered the 
primary direction of drainage. However, 
some lymphatic vessels from the medial 
part of the gland are directed medially, 
pierce the thoracic wall, and end in para- 
sternallymph nodes that course retrosternally 
with the internal thoracic artery and vein. 
some channels communicate directly with 
the intercostal nodes, and other efferent ves- 
sels from the lower part of the breast may 
communicate inferiorly with diaphragmatic 
and abdominal lymphatic channels, as well 
as with some from the opposite breast. 
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DEEP LYMPHATIC VESSELS OF THE THORACIC 
watt. The deep lymphatic vessels of the 
thoracic wall collect lymph from the deeper 
tissues of the thoracic cage, including chan- 
nels from the following three sources: tho- 
racic muscles, intercostal spaces, and the 
diaphragm. 

Lymphatic Vessels from Thoracic Mus- 
cles. Most of the lymphatic vessels that are 
derived from muscles attached to the ribs 
end in the axillary nodes, but some vessels 
from the medial part of the pectoralis major 
muscle pass to the parasternal lymph nodes. 

Lymphatic Vessels from Intercostal 
Spaces. Lymphatic vessels within the inter- 
costal spaces drain the intercostal muscles 
and the parietal pleura. Those vessels that 
drain the external intercostal muscles course 
dorsally, and after receiving the vessels that 
accompany the posterior branches of the in- 
tercostal arteries, end in the intercostal 
nodes (Fig. 10-22). Those lymphatic vessels 
that drain the internal intercostal muscles 
and parietal pleura consist of a single trunk 
in each space. Coursing ventrally around the 
intercostal spaces in the subpleural tissue, 
the upper six trunks open separately into 
parasternal nodes or into the vessels that 
unite them. Those of the lower spaces unite 
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Lymphatics of the mammary gland and the axillary nodes. (Poirier and Charpy.) 


to form a single trunk that terminates in the 
most caudal of the parasternal nodes. 
Lymphatic Vessels of the Diaphragm. ‘The 
lymphatic vessels of the diaphragm form 
two plexuses, one on its thoracic and an- 
other on its abdominal surface. These plex- 
uses anastomose freely with each other, and 
are most numerous on the parts covered, re- 
spectively, by the pleura and peritoneum. 
On the thoracic surface of the diaphragm, 
the lymphatic vessels communicate with 
those of the costal and mediastinal parts of 
the pleura. Their efferents consist of three 
groups: anterior, passing to anterior dia- 
phragmatic nodes that lie near the junction 
of the seventh rib and its cartilage; middle, 
coursing to nodes on the esophagus and to 
those around the termination of the inferior 
vena cava; and posterior, which terminate in 
nodes that surround the aorta at the point 
where this vessel leaves the thoracic cavity. 
On the abdominal surface of the diaphragm, 
a plexus of fine lymphatic vessels anastomo- 
ses with those of the liver, and at the periph- 
ery of the diaphragm, with those of the sub- 
peritoneal tissue. The efferents from the 
right half of this plexus terminate partly in a 
group of nodes on the trunk of the corre- 
sponding inferior phrenic artery, while oth- 
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Fig. 10-22. Diagrammatic view of the deep nodes of the thorax and abdomen. Observe the cisterna chyli in the 
abdomen and the ascending courses of the thoracic duct and the right lymphatic duct. 


ers end in the right lateral aortic nodes. 
Those from the left half of the plexus pass to 
preaortic and left lateral aortic nodes, and to 
the nodes on the terminal portion of the 
esophagus. 


Visceral Lymphatic Vessels of the Thorax 


Within the thoracic cavity, visceral plex- 
uses of lymphatie vessels drain the heart. 
lungs, pleura, thymus, and esophagus. 


LYMPHATIC VESSELS OF THE HEART. The 
lymphatic vessels of the heart are arranged 
in three plexuses, one located deep to the 
endocardium, one in the myocardium, and 
one beneath the epicardium (deep to the vis- 
ceral pericardium). Drainage occurs from 
deeper lymphatic vessels toward the more 
superficial surfaces of the heart; thus, the 
subendocardial vessels drain into the myo- 
cardial lymphatics, which, in turn, drain into 
the subepicardial plexus. Efferent vessels 


LYMPHATIC VESSELS AND NODES OF THE THORA: 


from the subepicardial plexus form right 
and left collecting lymphatic trunks. The left 
trunks, two to three in number, ascend in the 
anterior interventricular sulcus, and receive 
lymphatic vessels from both ventricles. 
When they reach the coronary sulcus, they 
are joined by a large lymphatic trunk that 
ascends in the posterior interventricular sul- 
cus on the diaphragmatic surface of the 
heart. The junction of these two lymphatic 
channels, which primarily drain the left side 
of the heart, forms a single vessel that as- 
cends between the pulmonary artery and the 
left atrium and ends in one of the right supe- 
rior tracheobronchial lymph nodes. The 
right trunk receives its afferents from the 
right atrium, and from the right border and 
diaphragmatic surface of the right ventricle. 
It courses upward in the coronary sulcus, 
adjacent to the right coronary artery, and 
then continues its ascent in front of the as- 
cending aorta and terminates in one of the 
upper left anterior mediastinal nodes. 

LYMPHATIC VESSELS OF THE LUNGS. The 
lymphatic vessels of the lungs originate in 
superficial and deep plexuses. The superfi- 
cial plexus is located on the surface of the 
lung just beneath the pulmonary pleura, 
while the deep plexus accompanies the 
branches of the pulmonary vessels and the 
ramifications of the bronchi. In the case of 
the larger bronchi, the deep plexus consists 
of a submucous network, located in the 
walls of the bronchi beneath the mucous 
membrane, and a peribronchial network 
found outside the walls of the bronchi. In 
the smaller bronchi there is only a single 
plexus, which extends as far as the bronchi- 
oles but fails to reach the alveoli, in the walls 
of which there are no lymphatic vessels. Ef- 
ferents from the superficial plexus course 
around the borders of the lungs and along 
the margins of the fissures separating the 
lobes. The lymphatics converge to end in 
bronchopulmonary nodes situated at the 
hilum. Efferents of the deep lymphatics are 
conducted to the hilum along the pulmonary 
vessels and bronchi, and end in both bron- 
chopulmonary and tracheobronchial nodes 
(Fig. 10-23). Little or no anastomosis occurs 
between the superficial and deep lymphatics 
of the lungs, except in the region of the 
hilum. 

LYMPHATIC VESSELS OF THE PLEURA. The 
lymphatic vessels of the pleura consist of 
channels located in both the visceral and 
parietal layers. The visceral set of lymphat- 
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ics drains into the superficial efferent vessels 
of the lungs, deep to the visceral pleura. The 
parietal set of lymphatics has three modes of 
termination: lymphatics of the costal pleura 
join the lymphatics of the internal intercos- 
tal muscles and so reach the parasternal 
nodes; those of the diaphragmatic pleura 
are drained by the efferent vessels on the 
thoracic surface of the diaphragm (see 
“Lymphatic Vessels of the Diaphragm’’): 
those of the mediastinal pleura terminate in 
the posterior mediastinal lymph nodes. 

LYMPHATIC VESSELS OF THE THYMUS. The 
lymphatic vessels of the thymus end in the 
anterior mediastinal, tracheobronchial, and 
parasternal nodes. 

LYMPHATIC VESSELS OF THE ESOPHAGUS. 
The efferent lymphatic vessels from the cer- 
vical part of the esophagus drain into 
paratracheal and deep cervical nodes; those 
from the thoracic part end in posterior me- 
diastinal nodes; and those from the abdomi- 
nal part drain into the left gastric lymph 
nodes. 


LYMPH NODES OF THE THORAX 


The lymph nodes of the thorax are divided 
into nodes that drain the thoracic wall and 
those that drain the thoracic viscera. 


Lymph Nodes of the Thoracic Wall 


The lymph nodes of the thoracic wall 
drain the soft and hard tissues of the tho- 
racic cage, and are at times referred to as the 
parietal nodes of the thorax. They include 
the following: 


Parasternal nodes 
Intercostal nodes 
Diaphragmatic nodes 


PARASTERNAL NODES. ‘The _ parasternal 
lymph nodes are located at the anterior ends 
of the intercostal spaces, and form a longitu- 
dinal chain of four to six nodes along the 
course of the internal thoracic artery. These 
important nodes derive afferent vessels from 
the mammary gland, from the deeper struc- 
tures of the anterior abdominal wall above 
the level of the umbilicus, from the dia- 
phragmatic surface of the liver through a 
small group of nodes that lies behind the 
xiphoid process, and from the deeper parts 
of the anterior thoracic wall. Their efferent 
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vessels usually unite to form a single trunk 
on each side of the sternum. This trunk may 
open directly into the junction of the subcla- 
vian and internal jugular veins, or, on the 
right side, it may join the main lymphatic 
duct on the subclavian duct, and on the left 
side, the thoracic duct. At times it may join 
lymphatic vessels from the tracheobronchial 
and anterior mediastinal nodes to form 
the bronchomediastinal trunk, which then 
enters the venous system either directly or 
through the large lymphatic ducts at the root 
of the neck. 

INTERCOSTAL NovEs. The __ intercostal 
lymph nodes are located in the dorsal part of 
the thorax, within the intercostal spaces 
near the heads of the ribs (Fig. 10-22). There 
are one or more in each interspace and they 
lie in relationship to the intercostal vessels. 
The intercostal lymph nodes receive the 
deep lymphatics from the posterolateral as- 
pect of the chest, as well as from certain 
channels from the breast; some of these ves- 
sels are interrupted by small lateral intercos- 
tal nodes. The efferent vessels of the nodes 
in the lower four or five spaces unite to form 
a trunk that descends and opens either into 
the cisterna chyli or into the commencement 
of the thoracic duct. The efferent channels of 
the nodes in the upper spaces of the left side 
end in the thoracic duct, and those of the 
corresponding right spaces, in the right lym- 
phatic duct. 

DIAPHRAGMATIC NODES. The diaphrag- 
matic nodes lie on the thoracic aspect of the 
diaphragm and consist of three sets: anterior, 
lateral, and posterior. 

Anterior Diaphragmatic Nodes. The ante- 
rior diaphragmatic set consists of two or 
three small nodes, located dorsal to the base 
of the xiphoid process, that receive afferents 
from the convex surface of the liver, and one 
or two nodes, located on each side near the 
junction of the seventh rib with its cartilage, 
that receive lymphatic vessels from the ante- 
rior part of the diaphragm. The efferent ves- 
sels of the anterior set pass to the parasternal 
nodes. 

Lateral Diaphragmatic Nodes. The lateral 
diaphragmatic set consists of two or three 
small nodes on each side, close to the site 
where the phrenic nerves enter the dia- 
phragm. On the right side, some of the nodes 
of this group lie within the fibrous sac of the 
pericardium, anterior to the termination of 
the inferior vena cava; on the left side, they 


extend to the esophageal hiatus. The afferent 
vessels of the lateral diaphragmatic nodes 
are derived from the middle region of the 
diaphragm; those on the right side also re- 
ceive afferents from the convex surface of 
the liver. Their efferents pass to the para- 
sternal nodes by way of the anterior dia- 
phragmatic nodes, to the upper anterior 
mediastinal nodes by a vessel that courses 
superiorly with the phrenic nerve, and to the 
posterior mediastinal nodes. 

Posterior Diaphragmatic Nodes. The pos- 
terior diaphragmatic set consists of a few 
nodes situated on the back of the crura of the 
diaphragm, and communicates on the one 
hand with the lateral aortic set of lumbar 
nodes, and on the other with the posterior 
mediastinal nodes. 


Lymph Nodes of the Thoracic Viscera 


Lymphatic vessels that drain the organs 
of the thorax pass initially through groups 
of visceral nodes. Usually three groups are 
described: 


Anterior mediastinal 
Posterior mediastinal 
Tracheobronchial 


ANTERIOR MEDIASTINAL NODES. ‘The ante- 
rior mediastinal nodes are located in the an- 
terior part of the superior mediastinum, in 
front of the brachiocephalic veins, the aortic 
arch, and the large arterial trunks that arise 
from the aorta (Fig. 10-22). They receive af- 
ferent lymphatic vessels from the thymus, 
heart, and pericardium, and from the lower 
end of the thyroid gland. Additionally, the 
anterior mediastinal nodes receive lymph 
from the mediastinal pleura and anterior 
part of the hilus of the lung, from the 
parasternal nodes, and from the diaphragm 
and liver by way of the lateral diaphrag- 
matic nodes. Their efferent vessels unite 
with those of the tracheobronchial nodes to 
form the right and left bronchomediastinal 
trunks, which ascend in the thorax to open 
into the main lymphatic ducts or into the 
venous system directly in the root of the 
neck. 

POSTERIOR MEDIASTINAL NODES. The pos- 
terior mediastinal nodes lie behind the peri- 
cardium in relationship to the esophagus 
and descending thoracic aorta. There are 
eight to ten nodes in this group, and their 
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afferent vessels are derived from the esopha- 
gus, the posterior part of the pericardium, 
the diaphragm, and the convex surface of 
the liver. Their efferent channels mostly end 
in the thoracic duct, but some join the tra- 
cheobronchial nodes. 

TRACHEOBRONCHIAL NODES. 
bronchial nodes are assembled 
groups: 


Tracheal 

Superior tracheobronchial 
Inferior tracheobronchial 
Bronchopulmonary 
Pulmonary 


The tracheo- 
in five 


Tracheal Nodes. ‘The tracheal nodes ex- 
tend along both sides of the thoracic part of 
the trachea, and are therefore sometimes 
called the paratracheal nodes (Fig. 10-23). 

Superior Tracheobronchial Nodes. The 
superior tracheobronchial nodes are found 
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on each side, superior and lateral to the 
angle at which the trachea bifurcates into 
the two primary bronchi. The chains con- 
tinue laterally along the superior border of 
the two principal bronchi (Fig. 10-28). 

Inferior Tracheobronchial Nodes. The in- 
ferior tracheobronchial nodes lie in the 
angle below the bifurcation of the trachea, 
and their chains continue inferolaterally 
along the lower border of the principal bron- 
chi (Fig. 10-23). 

Bronchopulmonary Nodes. The broncho- 
pulmonary nodes are found at the hilus of 
each lung, at the site of division of the prin- 
cipal bronchi and pulmonary vessels into 
the lobar bronchi and vessels (Fig. 10-23). 

Pulmonary Nodes. The pulmonary lymph 
nodes are found in the lung substance along 
the course of the segmental bronchi. 

The tracheal nodes in the thorax receive 
afferent vessels that drain the trachea and 
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Fic. 10-23. Posterior view of the deep viscera] nodes of the thorax. Note the right and left superior and inferior 
tracheobronchial nodes. The superior nodes of these groups lie above the tracheobronchial angle on each side, while 
the inferior tracheobronchial nodes are located below the angle of division of the trachea into the two primary 
bronchi. (After Hallé.) 
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the upper thoracic portion of the esophagus. 
The remaining groups of tracheobronchial 
nodes form continuous chains, and it is diffi- 
cult to define the limits of each group. Cer- 
tainly, however, the superficial and deep 
lymphatics of the lungs and the bronchial 
trees drain into the pulmonary and broncho- 
pulmonary nodes, which, in turn, drain into 
the superior and inferior tracheobronchial 
nodes. The latter also receive some afferent 
vessels from other posterior mediastinal or- 
gans. 

The efferent vessels from the tracheobron- 
chial nodes ascend with those of the tracheal 
nodes, which unite with efferents of the 
parasternal and anterior mediastinal nodes 
to form the right and left bronchomediastinal 
trunks. The right bronchomediastinal trunk 
may join the right lymphatic duct, and the 
left may join the thoracic duct. More fre- 
quently, however, they open independently 
of these ducts into the junction of the inter- 
nal jugular and subclavian veins of their 
own side. 


CLINICAL NOTE. There are continually being 
swept into the bronchi and alveoli of all city dwellers 
large quantities of inhaled dust and black carbona- 
ceous pigment. Particles that are not picked up by 
dust cells, caught in the mucus, and discharged are 
taken up by phagocytes and transported in the lym- 
phatic vessels to the lymph nodes. This results in an 
enlargement and a blackened coloration of the 
lymph nodes in the tracheobronchial groups. The 
work environment can markedly enhance this condi- 
tion. The lymph nodes and lungs of coal miners in- 
variably contain large amounts of entrapped black 
particles (anthracosis). Other types of dust particles 
may also be inhaled chronically as a result of occu- 
pational activities and entrapped in these lymph 
nodes. Thus, the lungs of iron workers show depos- 
its of iron particles (siderosis), and those of stone 
masons show stone dust or sand (silicosis). 


Lymphatic Vessels and Nodes of 
the Abdomen and Pelvis 


In describing the lymphatic vessels and 
nodes of the abdomen and pelvis, initially 
the lymphatic vessels and then the lymph 
nodes will be considered. 


LYMPHATIC VESSELS OF THE 
ABDOMEN AND PELVIS 


The lymphatic vessels of the abdomen and 
pelvis include the parietal channels that 
drain the abdominal and pelvic walls, and 
the visceral vessels of the abdominal and 
pelvic organs. 


Lymphatic Vessels of the 
Abdominal and Pelvic Wall 


Both superficial and deep lymphatic ves- 
sels drain the walls of the abdomen and pel- 
vis. Together they constitute the parietal ves- 
sels of these regions of the trunk. 

SUPERFICIAL LYMPHATIC VESSELS OF THE AB- 
DOMINAL AND PELVIC watts. The lymphatic 
vessels in the skin and superficial fascia of 
the anterior abdominal wall above the um- 
bilicus drain upward, into the superficial 
collecting channels of the anterior thoracic 
wall and therefore into the axillary nodes. 
Below the umbilicus, the superficial lym- 
phatic vessels follow the course of the super- 
ficial blood vessels and converge to the 
superficial inguinal nodes. Lymphatic chan- 
nels from the superficial tissue overlying the 
rectus abdominis muscle follow the course 
of the superficial epigastric vessels; those 
from the lateral regions of the abdominal 
wall pass along the crest of the ilium 
with the superficial iliac circumflex vessels. 
The superficial lymphatic vessels of the glu- 
teal region turn horizontally around the but- 
tock, and join the upper and lower groups of 
superficial inguinal lymph nodes. 

DEEP LYMPHATIC VESSELS OF THE ABDOMINAL 
AND PELVIC waLLs. The deep lymphatic ves- 
sels of the abdominal and pelvic walls also 
accompany the principal blood vessels. 
Those of the parietes of the pelvis accom- 
pany the branches of the internal iliac artery 
and drain into the internal iliac and common 
iliac nodes, and eventually into the lateral 
aortic group of lumbar lymph nodes on each 
side (Figs. 10-24; 10-34 to 10-36). 


Lymphatic Vessels of the 
Abdominal and Pelvic Viscera 


The visceral lymphatic vessels of the ab- 
domen and pelvis include the lymphatic 
channels of the: 
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Subdiaphragmatic portion of the digestive 
tube and its associated glands 

Spleen and suprarenal glands 

Urinary tract 

Reproductive organs 

Perineum and external genitalia 


LYMPHATIC VESSELS FROM THE 
SUBOIAPHRAGMATIC PORTION OF THE 
DIGESTIVE TUBE ANO ITS ASSOCIATED GLANOS 


The lymphatic vessels of the digestive 
tube below the level of the diaphragm are 
situated partly in the mucosa and partly in 
the submucosal, museular, and serosal coats. 
Because the vessels in the mucosa drain into 
the deeper layers, the lymphatics will be 
considered as a single system in any part of 
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The parietal lymph nodes of the pelvis. (Cunéo and Marcille.) 


the gastrointestinal tube. The following re- 
gional visceral lymphatics will be described: 


Stomach 

Duodenum 

Greater omentum 
Jejunum and ileum 
Appendix and ceeum 
Colon 

Recoume ana atial canal 
Liver 

Gallbladder 

Pancreas 


LYMPHATIC VESSELS OF THE STOMACH. The 
lymphatic vessels of the stomach are contin- 
uous at the cardiac orifice with those of the 
esophagus, and at the pylorus with those of 
the duodenum (Figs. 10-25; 10-26). They 
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mainly follow the blood vessels and are ar- 
ranged in four sets. Lymphatic vessels of the 
first set accompany the branches of the left 
gastric artery, receive tributaries from a 
large area on both anterior and posterior 
surfaces of the stomach, and terminate in the 
left gastric lymph nodes. Lymphatic chan- 
nels of the second set drain the fundus and 
body of the stomach to the left of a line 
drawn vertically from the esophagus. They 
accompany, more or less closely, the short 
gastric and Jeft gastroepiploic arteries and 
end in the pancreaticosplenic lymph nodes. 
The vessels of the third set drain the right 
portion of the greater curvature of the stom- 
ach as far as the pylorus, and end in the right 
gastroepiploic nodes, the efferents of which 
pass to the pyloric nodes. Lymphatic vessels 
of the fourth set drain the pyloric portion 
and pass to the hepatic, pyloric, and left gas- 
tric lymph nodes (Figs. 10-25; 10-26). 
LYMPHATIC VESSELS OF THE DUODENUM. 
The lymphatic vessels of the duodenum con- 
sist of anterior and posterior sets that open 
into a series of small pyloric nodes, located 
on the anterior and posterior aspects of the 
groove between the head of the pancreas 
and the duodenum (Figs. 10-25; 10-26). The 
efferents of these nodes course in two direc- 
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tions, superiorly to the hepatic nodes and 
inferiorly to the preaortic group of lumbar 
nodes, around the origin of the superior 
mesenteric artery. 

LYMPHATIC VESSELS OF THE GREATER OMEN- 
tum. The lymphatic vessels of the greater 
omentum course longitudinally with the 
omental blood vessels that branch from the 
right and left gastroepiploic arteries and 
veins. The lymphatic channels ascend to 
empty into lymphatic vessels and nodes 
along the greater curvature of the stomach. 
On the right side these drain into the right 
gastroepiploic and pyloric nodes, but on the 
left side they drain into the pancreatico- 
splenic nodes. 

LYMPHATIC VESSELS OF THE JEJUNUM AND 
iieum. The lymphatic vessels of the jejunal 
and ileal regions of the small intestine are 
termed lacteals because of the milk-white 
lymph they contain during intestinal diges- 
tion after a fatty meal. They course between 
the layers of the mesentery and enter the 
mesenteric nodes, the efferents of which end 
in the superior mesenteric set of preaortic 
nodes. 

LYMPHATIC VESSELS OF THE APPENDIX AND 
cecum. The ileocolic, appendicular, and 
cecal regions of the gastrointestinal tract 
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Lymphatic vessels and nodes of the stomach. (Redrawn after Jamieson and Dobson,1907.) 
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FiG. 10-26. The lymphatic vessels of the stomach, duodenum, and pancreas demonstrated with the stomach turned 


upward, (After Jamieson and Dobson, 1907b.) 


contain many lymphatic vessels because 
there is much lymphoid tissue in the walls of 
these parts of the gastrointestinal tract. From 
the body and tail of the vermiform appen- 
dix, 8 to 15 vessels ascend between the lay- 
ers of the mesentery of the appendix, several 
being interrupted by the small (appendicu- 
lar) nodes that lie between the peritoneal 
layers. These vessels unite to form three or 
four channels that end partly in the lower 
and partly in the upper nodes of the ileocolic 
chain (Figs. 10-27; 10-28). The vessels from 
the root of the appendix and from the cecum 
form anterior and posterior groups. The an- 
terior vessels pass in front of the cecum, and 
end in the anterior ileocolic nodes and in the 
upper and lower nodes of the ileocolic chain 
(Fig. 10-27). The posterior vessels ascend 
over the dorsal aspect of the cecum, and 
terminate in the posterior ileocolic nodes 
and in the lower nodes of the ileocolic chain 
(Fig. 10-28). 


LYMPHATIC VESSELS OF THE COLON. The 
lymphatic vessels of the ascending and 
transverse colon drain through nodes lo- 
cated along the course of the marginal artery 
(paracolic nodes), as well as through the 
right colic and middle colic nodes, on their 
way to the superior mesenteric set of pre- 
aortic nodes (Fig. 10-29). Those of the de- 
scending and sigmoid parts of the colon are 
interrupted by the small nodes on the 
branches of the left colic and sigmoid ar- 
teries, and ultimately end in the inferior 
mesenteric set of preaortic nodes. 

LYMPHATIC VESSELS OF THE RECTUM AND 
ANAL CANAL. The lymphatic vessels of the 
rectum have important clinical significance 
because of the high incidence of carcinoma 
in this lower region of the large intestine. As 
in other parts of the intestinal tract, the rec- 
tum contains both submucosal and muscular 
networks of lymphatic vessels. The mucocu- 
taneous or pectinate line forms a boundary 
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Fig. 10-27. The lymphatics of cecum and vermiform appendix from the front. (Jamieson and Dobson, 1907a.) 
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Fic. 10 28. The lymphatics of cecum and vermiform appendix from behind. (Jamieson and Dobson, 1907a.) 
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Fic. 10-29. Lymphatic vessels and nodes of the large intestine. (After Jamieson and Dobson, 1909.) 


between those lymphatics above, which 
drain into pelvic and lower abdominal 
nodes, and those lymphatics below, which 
drain outside the pelvis and with the peri- 
neal lymphatics to the superficial inguinal 
nodes. The lymphatic vessels of the rectum 
can be divided into superior, middle, and 
inferior channels. 

The superior lymphatics of the rectum 
join those of the sigmoid colon and drain ini- 
tially through pararectal nodes, which lie 
parallel to the rectum, and then superiorly 
along the course of the superior rectal artery 
and vein, to end in the inferior mesenteric 
group of preaortic nodes. The middle group 
of lymphatics drains approximately 10 cm of 
rectum above the mucocutaneous line. 
These channels run downward, along the 
course of the inferior rectal blood vessels, 
and terminate in nodes that accompany their 
branches; Jaterally, along the course of the 
middle rectal artery and vein, to terminate in 


the internal iliac nodes; and superiorly, to 
join the uppermost channels of the rectum. 
The inferior group of rectal lymphatics 
drains the anal canal distal to the mucocuta- 
neous line. These vessels descend to the skin 
and superficial fascia of the perineum, and 
course to the superficial inguinal nodes. 
From these nodes lymphatic vessels enter 
the pelvis by way of the external and com- 
mon iliac nodes. 

LYMPHATIC VESSELS OF THE LIVER. The lym- 
phatic vessels of the liver are divisible into 
two sets, superficial and deep. 

Superficial Lymphatic Vessels. The su- 
perficial lymphatic vessels of the liver 
course beneath the peritoneum and over the 
entire surface of the organ; they may be 
grouped into those located on the convex di- 
aphragmatic surface and those on the vis- 
ceral surface. 

Diaphragmatic Surface. The dorsal part 
of the diaphragmatic surface of the liver is 
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drained by lymphatic vessels on its right, 
middle, and left aspects. One or two vessels 
along the right side course backward on the 
abdominal surface of the diaphragm, and 
after crossing the right crus, they end in the 
celiac group of preaortic nodes. Five or six 
channels along the middle part of the dia- 
phragmatic surface pass through the vena 
caval foramen in the diaphragm, and end in 
one or two lymph nodes that are situated 
around the terminal part of the inferior vena 
cava. A few lymphatic vessels from the left 
side pass dorsally, toward the esophageal 
hiatus, and terminate in the paracardial 
group of left gastric nodes. 

From the ventral part of the diaphrag- 
matic surface of the right and left lobes adja- 
cent to the falciform ligament, the lymphatic 
vessels converge to form two trunks. One of 
these accompanies the inferior vena cava 
through the diaphragm and ends in the 
nodes around the terminal part of this ves- 
sel, while the other courses downward and 
anteriorly, and turning around the inferior 
sharp margin of the liver, accompanies the 
upper part of the ligamentum teres to end in 
the hepatic nodes. A few additional vessels 
from this anterior surface also turn around 
the inferior sharp margin to reach the he- 
patic nodes. 

Visceral Surface. The lymphatic vessels 
from the visceral surface of the liver mostly 
converge toward the porta hepatis. They 
accompany the deep lymphatics that emerge 
from the liver at this site, and end in the he- 
patic nodes. One or two channels from the 
posterior parts of the right and caudate lobes 
accompany the inferior vena cava through 
the diaphragm and end in nodes near the ter- 
mination of this vein. 

Deep Lymphatic Vessels. The deep lym- 
phatic vessels from the internal substance of 
the liver join to form ascending and de- 
scending trunks. The ascending trunks ac- 
company the hepatic veins and pass through 
the diaphragm, to end in lymph nodes 
around the terminal part of the vein. The 
descending trunks emerge from the porta 
hepatis and end in the hepatic nodes. 

LYMPHATIC VESSELS OF THE GALLBLADDER. 
The lymphatic vessels that drain the gall- 
bladder pass to the hepatic nodes in the 
porta hepatis. There is evidence that inter- 
connections exist between lymphatic chan- 
nels of the gallbladder and the liver, which 
possibly helps to explain the spread of infec- 


tions and other diseases between these two 
organs. Lymphatic vessels of the common 
bile duct course to the hepatic nodes, along- 
side the duct, and to the upper pancreatico- 
duodenal nodes. 

LYMPHATIC VESSELS OF THE PANCREAS. 
The lymphatic vessels of the pancreas fol- 
low the course of its blood vessels (Fig. 
10-26). Most of them enter the pancreatico- 
splenic nodes, but some end in nodes lo- 
cated along the pancreaticoduodenal ves- 
sels. Other pancreatic lymphatic channels 
Open into the superior mesenteric set of 
preaortic nodes. 


LYMPHATIC VESSELS FROM THE 
SPLEEN AND SUPRARENAL GLANDS 


LYMPHATIC VESSELS OF THE SPLEEN. The 
lymphatic vessels of the spleen are princi- 
pally derived from the capsule and from the 
connective tissue that forms the trabeculae. 
These pass to splenic nodes, located be- 
tween the layers of the gastrosplenic liga- 
ment at the hilus, and to pancreaticosplenic 
nodes, located along the superior border of 
the tail of the pancreas (Fig. 10-25). 

LYMPHATIC VESSELS OF THE SUPRARENAL 
GLANDS. The lymphatic vessels of the su- 
prarenal glands usually accompany the su- 
prarenal veins and end in the lateral aortic 
set of lumbar nodes. Occasionally some ves- 
sels pierce the crura of the diaphragm and 
end in the posterior mediastinal nodes. 


LYMPHATIC VESSELS OF THE URINARY TRACT 


LYMPHATIC VESSELS OF THE KIDNEY. The 
lymphatic vessels of the kidney form three 
plexuses: one in the substance of the renal 
cortex, a second beneath the fibrous capsule 
of the kidney, and a third in the perineph- 
ric fat. 

The subcapsular and perinephric plexuses 
communicate freely with each other. The 
lymphatic vessels from the plexus in the 
substance of the kidney converge to form 
four or five trunks that emerge at the hilus. 
Here they are joined by vessels from the 
subcapsular plexus, and following the 
course of the renal vein, they end in the lat- 
eral aortic set of lumbar nodes. The peri- 
nephric plexus drains directly into the more 
superior of the lateral aortic nodes. 

LYMPHATIC VESSELS OF THE URETER. The 
lymphatic vessels of the ureter commence in 
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plexuses within the muscular and adventi- 
tial layers of the organ. The channels from 
the proximal portion end partly in the effer- 
ent vessels of the kidney, and in part directly 
in the lateral aortic set of lumbar nodes. 
Those from the middle portion (above the 
pelvic brim) drain into common iliac nodes, 
whereas the vessels from the intrapelvic 
portion of the tube (below the pelvic brim) 
drain into external and internal iliac nodes, 
and more distally may join efferent vessels 
from the bladder. 

LYMPHATIC VESSELS OF THE BLADDER. The 
lymphatic vessels of the bladder commence 
in muscular and extramuscular plexuses, 
and it is claimed that the mucous membrane 
is devoid of lymphatic channels. The effer- 
ent vessels emerge from the bladder in three 
groups: those from the anterior aspect, the 
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posterior aspect, and the region of the 
trigone. 

The vessels from the anterior part of the 
inferolateral surface and the anterior part of 
the superior surface pass laterally along the 
course of the obliterated umbilical artery 
and end in the external iliac nodes (Fig. 10- 
30). Located along their course are minute 
nodes that are arranged in front of the blad- 
der in an anterior vesical group, and a lateral 
vesical group, adjacent to the lateral umbili- 
cal ligament. 

Most of the vessels from the posterior part 
of the inferolateral surface pass laterally and 
backward to common iliac and internal iliac 
nodes, but a few vessels course backward, 
even beyond the bifurcation of the aorta, to 
one or two nodes in front of the sacral prom- 
ontory (Fig. 10-30). The channels from the 
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Fic. 10-30. Lymphatic vessels from the bladder. 
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posterior part of the superior surface also 
course laterally to the common iliac and in- 
ternal iliac nodes. 

Lymphatic vessels from the trigone of the 
bladder course upward and laterally to both 
the external and internal iliac nodes. 

LYMPHATIC VESSELS OF THE URETHRA. The 
lymphatic vessels of nearly the entire female 
urethra and of the prostatic and membra- 
nous parts of the male urethra pass prin- 
cipally to the internal iliac lymph nodes. 
Lymphatics from the distal extremity of the 
female urethra drain with those from the 
skin of the female external genitalia to the 
superficial inguinal nodes. 

Lymphatic vessels from the spongy por- 
tion of the male urethra accompany those of 
the glans penis and terminate in the deep 
inguinal nodes, adjacent to the femoral ar- 
tery. Other vessels course upward along the 
inguinal canal and drain into the external 
iliac nodes. 


LYMPHATIC VESSELS OF THE 
MALE REPRODUCTIVE ORGANS 


LYMPHATIC VESSELS OF THE TESTIS. The 
lymphatic vessels of the testis consist of two 
sets, superficial and deep. The superficial 
vessels commence on the surface of the tu- 
nica vaginalis, while the deep vessels are 
derived from the epididymis and body of the 
testis. They form four to eight collecting 
trunks that ascend with the testicular blood 
vessels in the spermatic cord. At the abdomi- 
nal inguinal ring, they continue upward on 
the anterior surface of the psoas major mus- 
cle to the point where the testicular artery 
and vein cross the ureter, and they end in the 
lateral and preaortic sets of lumbar nodes. 

LYMPHATIC VESSELS OF THE DUCTUS DEFER- 
ENS AND SEMINAL VESICLES. Only superficial 
lvmphatic vessels that drain the ductus 
deferens have been described, and these ter- 
minate in the external iliac nodes. 

Both superficial and deep lymphatic ves- 
sels drain the seminal vesicles, and these 
drain into the external iliac and internal 
iliac lymph nodes (Fig. 10-31). 

LYMPHATIC VESSELS OF THE PROSTATE. The 
lymphatic vessels of the prostate gland ter- 
minate principally in the internal iliac and 
sacral lymph nodes (Fig. 10-31). One lymph 
vessel from the posterior surface of the pros- 
tate, however, courses laterally and ends in 


the external iliac nodes, while another from 
the anterior surface of the gland joins the 
vessels that drain the membranous part of 
the urethra and terminates in the internal 
iliac nodes. 


LYMPHATIC VESSELS OF THE 
FEMALE REPRODUCTIVE ORGANS 


LYMPHATIC VESSELS OF THE Ovary. A rich 
plexus of lymphatic vessels drains each 
ovary, and when they leave the hilum, they 
follow the course of the ovarian artery and 
vein to terminate in the lateral and preaortic 
sets of the lumbar nodes. 

LYMPHATIC VESSELS OF THE UTERINE TUBE. 
The lymphatic vessels of the upper and mid- 
dle parts of the uterine tube follow those 
from the ovary and end in the lateral and 
preaortic sets of lumbar nodes. Channels 
that drain the lowest part of the uterine tube 
course laterally between the leaves of the 
broad ligament to the internal iliac nodes, 
and with the round ligament, through the 
inguinal canal to the superficial inguinal 
nodes. 

LYMPHATIC VESSELS OF THE UTERUS. The 
lymphatic vessels of the uterus consist of 
two sets, superficial and deep, the former 
placed beneath the peritoneum, the latter in 
the wall of the uterus. 

Efferent vessels from the cervix of the 
uterus course in three directions: laterally 
with the uterine artery to the external iliac 
nodes; posterolaterally, passing behind the 
ureter, to the internal iliac nodes; and poste- 
riorly, to the common iliac and lateral sacral 
nodes (Figs. 10-32; 10-33). 

The majority of the lymphatic vessels of 
the body and fundus of the uterus pass later- 
ally in the broad ligaments with the uterine 
artery to internal iliac nodes. Others are con- 
tinued superiorly with the ovarian vessels 
and end in the lateral and preaortic sets of 
lumbar nodes. A few channels course to the 
external iliac nodes, and one or two vessels 
traverse the inguinal canal and end in the 
superficial inguinal nodes. In the nongravid 
uterus, the lymphatic vessels are very small, 
but during gestation they are greatly en- 
larged. 

LYMPHATIC VESSELS OF THE VAGINA. Three 
groups of lymphatic vessels drain the vagina 
(Fig. 10-33). The upper (cervicovaginal) 
channels course laterally with branches of 
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the uterine artery to the external and inter- 
nal iliac nodes. Lymphatic vessels from the 
middle region of the vagina follow the 
branches of the vaginal artery to the internal 
iliac nodes, along the course of which are 
interspersed other minute nodes. Some lym- 
phatic vessels from the lower part of the va- 
gina join those of the middle portion and 
course toward nodes in the lateral wall of 
the pelvis, while others near the vaginal ori- 
fice join those of the vulva and pass to the 
superficial inguinal nodes. The lymphatics 
of the vagina interconnect with those of the 
cervix of the uterus, the rectum, and the ex- 


ternal genitalia, but not with those of the 
bladder. 
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LYMPHATIC VESSELS OF THE 
PERINEUM AND EXTERNAL GENITALIA 


LYMPHATIC VESSELS OF THE UROGENITAL RE- 
GION. The lymphatic vessels of the skin and 
superficial fascia in the urogenital region of 
the perineum, along with the superficial 
lymphatic vessels from the skin of the scro- 
tum and penis and those of the labia majora 
and labia minora, course laterally with the 
external pudendal artery and vein and ter- 
minate in the upper and lower superficial in- 
guinal nodes. 

The lymphatic vessels of the glans penis 
and clitoris course with the deep dorsal vein 
and drain laterally to the deep inguinal 
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nodes (Fig. 10-34). These vessels may extend 
superiorly, even through the femoral canal, 
to the external iliac nodes. Other channels 
course upward through the inguinal canal 
also to achieve the external iliac nodes. 

LYMPHATIC VESSELS OF THE ANAL REGION. 
The superficial lymphatic vessels in the anal 
region of the perineum also course to the su- 
perficial inguinal lymph nodes. Some chan- 
nels, those deeper in the ischiorectal fossa, 
follow the course of the inferior rectal and 
internal pudendal blood vessels and thereby 
enter the pelvis and end in the internal iliac 
nodes. 


LYMPH NODES OF THE ABDOMEN AND PELVIS 


The lymph nodes of the abdomen and pel- 
vis may be divided, according to their loca- 
tion, into those nodes that lie behind the 
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peritoneum, adjacent to the walls of the ab- 
dominopelvic cavity in close association 
with the large blood vessels, and those 
lymph nodes that are more intimately re- 
lated to the abdominopelvic viscera and to 
the vessels more directly supplying the or- 
gans. 


Lymph Nodes of the Abdominal 
and Pelvic Walls 


The lymph nodes located adjacent to the 
walls of the abdominal and pelvic cavities 
are frequently referred to as parietal nodes. 
These nodes include the following groups: 


External iliac 
Common iliac 
Epigastric 
Circumflex iliac 
Internal iliac 
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EXTERNAL ILIAC NODES. The external iliac 
nodes, eight to ten in number, lie along the 
external iliac vessels (Figs. 10-24; 10-35; 10- 
36). They are arranged in three groups, one 
on the lateral aspect, another on the medial 
aspect, and a third, which is sometimes ab- 
sent, on the anterior aspect of the vessels. 
The external iliac nodes receive afferent ves- 
sels from: 
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(a) the lower extremity, by way of the su- 
perficial and deep inguinal nodes, as well as 
from some lymphatics from the adductor 
region of the thigh; 

(b) the lower anterior abdominal wall, by 
way of the epigastric and circumflex iliac 
nodes; 

(c) the perineum, by way of lymphatic 
channels from the glans penis or clitoris that 
reach the external iliac nodes through the 
inguinal canal, and by means of vessels that 
course laterally from the genitalia and then 
superiorly through the femoral canal; 

(d) the pelvis, through direct channels 
from the fundus of the bladder, the prostate, 


908 





























Common iliac qT 
node (medial ff Filia il | 
group in front of 
sacral promontory) 


~~ 
‘ 


i 
é 


q 


on 


N\ ere 34 
\ j 4g 
“ad \ UH 4 
a BS YI y 
the | f/,/ tj fj’ 4 
A = “fy ; 


External iliac 


Internal lymphatics of 
bladder 


Lymphatic from glans 
penis 


Lymphatics of bladder 





‘ Re 4 - . + ars, Gs” 
Ae 


Glandular nodule in front of symphysis 


P* ‘ a } | 


Internal iliac 
node 


Fife OK NE: fs 
al WW 33 Wes bostem 


Sacral node 
(lateral group) 


Internal itiac 


Satellite trunk of 
internal puden- 
dal vessels 


Trunk of middle 
rectal vessels 


Prostatic collecting trunk 


Fic. 10-34. Lymphatic vessels draining the glans penis and the spongy and membranous portions of the urethra. 


and membranous urethra in the male, or 
from the upper vagina and uterine cervix in 
the female. 

Efferent vessels leave the external iliac 
nodes and ascend to common iliac and lum- 
bar nodes. 

COMMON ILIAC NODES. The six to eight 
common iliac nodes are located medial, 
lateral, and posterior to the common iliac 
vessels (Figs. 10-24; 10-35; 10-36), and they 
extend from the external iliac nodes to the 
bifurcation of the aorta. Several of the me- 
dial nodes are located in front of the fifth 
lumbar vertebra and the promontory of the 
sacrum; these extend downward from the 
bifurcation of the aorta. The lateral and pos- 
terior nodes directly extend the chain of 
parietal pelvic nodes from the external and 
internal iliac sets to the lateral lumbar 
nodes. 

EPIGASTRIC NODES. Three or four epigas- 
tric nodes follow the course of the lower 
part of the inferior epigastric vessels, and 
their efferent channels drain into the exter- 
nal iliac nodes. 

CIRCUMFLEX ILIAC NODES. Two to four cir- 


cumflex iliac nodes, when present, are situ- 
ated along the course of the deep circumflex 
iliac vessels. Their efferent channels also 
drain into the external iliac nodes. 

INTERNAL ILIAC NODES. The internal iliac 
nodes surround the internal iliac vessels, 
and they receive lymphatics that correspond 
to the distribution of the branches of the in- 
ternal iliac artery (Figs. 10-30; 10-32 to 10-36). 
Lying deep to the pelvic fascia, they receive 
lymphatics from all the pelvic viscera, from 
the deeper parts of the perineum, including 
the membranous and spongy portions of the 
urethra, and from the gluteal region and 
dorsum of the thigh. An obturator node is 
sometimes seen in the upper part of the ob- 
turator foramen. The efferent vessels of the 
internal iliac group end in the common iliac 
nodes. 

SACRAL NODES. Five or six sacral nodes lie 
in the cavity of the sacrum, in relationship to 
the median and lateral sacral arteries (Figs. 
10-30 to 10-32; 10-34). They receive lymphat- 
ics from the rectum and posterior wall of the 
pelvis, and pass to the internal iliac and lum- 
bar nodes. 


LYMPHATIC VESSELS AND NODES OF THE ABDOMEN AND PELVIS 


inferior 
diaphragmatic nodes 


Thoracic duct 


Lumbar lymphatic 
trunks 


Right lateral aortic 
nodes (lumbar) 


Preaortic nodes (renal) 


Right lateral aortic 
nodes (lumbar) 


Common iliac nodes 


(medial group anterior 
to the sacral promontory) q: 


i iy lo 


External iliac nodes 
(adjacent to femoral 
ring) 


| Mp fi fi 


9O9 


























Preaortic nodes (renal) 


Left lateral 
aortic nodes (lumbar) 


Preaortic nodes 
(inferior mesenteric) 


Left lateral 
aortic nodes (lumbar) 


Common iliac nodes 
(lateral chain) 


Common iliac nodes 
(posterior chain) 


External iliac nodes 
(lateral chain) 


External iliac nodes 
(adjacent to femoral ring) 


Internal iliac nodes 


FiG. 10-35. Lymphatic nodes of the pelvis and posterior abdominal wall. (From Rouvier, H., Anatomie Humaine, 7th 


ed., Masson, Paris, 1954.) 


LUMBAR NODES. The lumbar nodes are 
numerous and consist of right and left lateral 
aortic, preaortic, and retraaortic groups. 

Right and Left Lateral Aortic Nodes. The 
right lateral aortic nodes are situated partly 
anterior to the inferior vena cava, near the 
termination of the renal vein, and partly pos- 
terior to it on the origin of the psoas major 
muscle, and on the right crus of the dia- 
phragm. The left lateral aortic nodes form a 
chain on the left side of the abdominal aorta, 
in front of the origin of the psoas major and 
left crus of the diaphragm (Figs. 10-22; 10-24; 
10-30; 10-31; 10-35; 10-36). 

On both sides of the midline, the lateral 
aortic nodes receive lymphatic vessels from 
the common iliac nodes; from the testis in 
the male or from the ovary, uterine tube, and 
body of the uterus in the female; from the 
kidney and suprarenal glands; and from 
lymphatics draining the lateral abdominal 
muscles and accompanying the lumbar 
veins. Most of the efferent vessels of the lat- 
eral aortic nodes converge to form the right 


and left lumbar trunks, which join the cis- 
terna chyli, but some enter the preaortic and 
retroaortic nodes, and others pierce the 
crura of the diaphragm to join the lower end 
of the thoracic duct. 

Preaortic Nodes. The preaortic nodes are 
divided into celiac, superior mesenteric, and 
inferior mesenteric groups, arranged around 
the origins of the corresponding arteries 
(Figs. 10-22; 10-33; 10-35; 10-36). They receive 
a few vessels from the lateral aortic nodes, 
but their principal afferent vessels are de- 
rived from the viscera supplied by the three 
arteries with which they are associated. 
Some of their efferent vessels pass to the 
retroaortic nodes, but the majority unite to 
form the intestinal trunk, which enters the 
cisterna chyli. 

Retroaortic Nodes. The retroaortic nodes 
are placed below the cisterna chyli on the 
bodies of the third and fourth lumbar verte- 
brae. They receive lymphatic trunks from 
the lateral and preaortic nodes, and their ef- 
ferent vessels end in the cisterna chyli. 


Fic. 10-36 


Lymphadenogram showing the parietal lymph nodes of the pelvis and of the posterior abdominal 


wall. 1, External iliac nodes; 2, internal iliac nodes; 3, common iliac nodes; 4, lateral aortic (lumbar) nodes; 
5, preaortic (lumbar) nodes. (From Gooneratne, B. W. M., Lymphography—Clinical and Experimental, Butterworth 


and Co. Ltd., London, 1974.) 


Lymph Nodes of the Abdominal Organs 


The lymph nodes of the abdominal organs 
are frequently referred to as the visceral 
nodes of the abdomen. They are closely as- 
sociated with the blood vessels, either being 
clustered in groups at the origin of the ves- 


sels, or forming chains along the courses of 
their branches. The three principal groups of 
nodes into which lymph from most of the 
abdominal visceral nodes eventually drains 
before entering the cisterna chyli or the tho- 
racic duct are the celiac, superior mesen- 


teric, and inferior mesenteric. sets of 
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preaortic nodes. These surround the roots of 
the large and similarly named unpaired ar- 
teries, allowing convenient classification of 
the outlying chains of nodes along branches 
or subbranches of these vessels (Fig. 10-22). 


CELIAC NODES 


The celiac nodes include those nodes that 
drain the stomach, greater omentum, liver, 
gallbladder, and spleen, and most but not all 
of the lymph from the pancreas and duode- 
num. The celiac nodes are divided into the 
following sets: 


Left gastric 

Right gastric 
Hepatic 

Pyloric 
Pancreaticosplenic 


LEFT GASTRIC NODES. ‘The left gastric 


nodes follow the course of the left gastric 
artery and consist of the following three 
groups: upper, lower, and paracardial (Figs. 
10-25; 10-26). The upper left gastric nodes lie 
at the root of the left gastric artery, where it 
branches from the celiac trunk. The lower 
left gastric nodes accompany the descending 
branches of the artery along the cardiac half 
of the lesser curvature of the stomach, be- 
tween the two layers of the lesser omentum. 
The paracardial group of celiac nodes is lo- 
cated around the cardiac end of the stomach 
in a radial manner, comparable to a chain of 
beads. The left gastric nodes receive afferent 
vessels from the stomach, and their efferent 
channels pass to the celiac group of preaortic 
nodes. 

RIGHT GASTRIC NODES. The right gastric 
nodes lie between the leaves of the lesser 
omentum, along the course of the right gas- 
tric artery. They drain the lower end of the 
lesser curvature and their efferent vessels 
pass to the hepatic nodes (Figs. 10-25; 10-26). 

HEPATIC NODES. The hepatic nodes are 
located between the two layers of the lesser 
omentum and course along the common 
hepatic artery and its right and left hepatic 
branches as far as the porta hepatis (Fig. 10- 
25). One node of this group is placed near the 
neck of the gallbladder and is known as the 
cystic node. A few additional nodes descend 
along the common bile duct as far as the 
head of the pancreas. The nodes of the he- 
patic chain receive afferent vessels from the 
stomach, duodenum, liver, gallbladder, the 


bile ducts, and pancreas. Their efferent 
channels join the celiac group of preaortic 
nodes. 

PYLORIC NODES. The pyloric nodes lie ad- 
jacent to the head of the pancreas and along 
the medial border of the superior end of the 
descending part of the duodenum (Figs. 10- 
25; 10-26). They are located in close relation- 
ship to the pylorus of the stomach, and at the 
site of bifurcation of the gastroduodenal ar- 
tery. They receive afferent vessels from the 
pylorus of the stomach, the superior part of 
the duodenum, as well as from the right 
gastroepiploic nodes, which course between 
the layers of the greater omentum, along the 
greater curvature of the stomach with the 
right gastroepiploic artery (Fig. 10-25). Their 
efferent channels drain to the hepatic nodes 
and the celiac group of preaortic nodes, as 
well as to the superior mesenteric group of 
preaortic nodes. 

PANCREATICOSPLENIC NODES. The pancre- 
aticosplenic nodes accompany the splenic 
artery and are located adjacent to the poste- 
rior surface and upper border of the pan- 
creas (Figs. 10-25; 10-26). One or two nodes of 
this group are found in the gastrosplenic lig- 
ament. The nodes at the hilus of the spleen, 
in addition to receiving channels from the 
splenic hilum, receive lymphatic vessels 
from the left gastroepiploic nodes. These lat- 
ter nodes course between the layers of the 
greater omentum, along the greater curva- 
ture of the stomach. Thus, the pancreatico- 
splenic nodes receive afferent vessels from 
the stomach, spleen, and pancreas, and their 
efferent vessels join the celiac group of 
preaortic nodes. 


SUPERIOR MESENTERIC NODES 


The superior mesenteric nodes, located 
around the root of the superior mesenteric 
artery, are numerous and large. They drain 
the visceral field supplied by branches of the 
superior mesenteric artery, and this includes 
part of the head of the pancreas, a portion of 
the duodenum, the entire jejunum, ileum, 
appendix, cecum, ascending colon, and most 
of the transverse colon. These nodes can be 
divided into the following groups: 


Mesenteric 
Ileocolic 
Right colic 
Middle colic 
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MESENTERIC NODES. The mesenteric 
nodes lie between the layers of the mesen- 
tery. They vary in number from 100 to 200, 
and may be grouped into three sets: one 
lying close to the wall of the small intestine, 
among the terminal twigs of the superior 
mesenteric artery; a second in relation to the 
loops and primary branches of the vessels; 
and a third along the proximal portion of the 
inferior mesenteric arterial trunk. They 
drain the jejunum and tleum along the intes- 
tinal branches of the superior mesenteric 
artery. Also, a part of the head of the pan- 
creas and a portion of the duodenum are 
drained by nodes that course along the infe- 
rior pancreaticoduodenal branch of the su- 
perior mesenteric artery. Efferent vessels 
from the more proximal mesenteric nodes 
drain into the superior mesenteric group of 
preaortic nodes. 

ILEOCOLIC NODES. Ten to twenty ileocolic 
lymph nodes form a chain around the 
ileocolic artery (Figs. 10-27; 10-28), but show 
a tendency to divide into two groups, one 
near the duodenum and another on the 
lower part of the trunk of the artery. Where 
the ileocolic artery divides into its terminal 
branches, the chain is broken up into several 
groups: ileal, in relation to the ileal branch of 
the artery; anterior ileocolic, usually three 
nodes in the ileocecal fold near the wall of 
the cecum; posterior ileocolic, mostly placed 
in the angle between the ileum and the 
colon, but partly lying dorsal to the cecum at 
its junction with the ascending colon; and a 
single appendicular node, between the lay- 
ers of the mesenteriole of the vermiform 
appendix. These nodes receive lymph from 
the terminal portion of the ileum, the appen- 
dix and cecum, and from several inches of 
the proximal portion of the ascending colon. 
Their efferent channels drain into the infe- 
rior mesenteric group of pancreatic nodes. 

RIGHT COLIC NODES. The right colic group 
of superior mesenteric nodes follows the 
course of the right colic artery and _ its 
branches as far as the medial border of the 
ascending colon. These nodes receive affer- 
ent vessels from paracolic nodes that are 
spaced along the medial border of the as- 
cending colon. Their efferent vessels pass to 
the superior mesenteric group of preaortic 
nodes. 

MIDDLE COLIC NODES. The middle colic 
nodes are numerous and accompany the 
middle colic artery and its branches to the 


transverse colon, between the layers of 
the transverse mesocolon (Fig. 10-29). They 
are best developed in the area of the right 
and left colic flexures. The middle colic 
nodes receive afferent vessels from the para- 
colic nodes that lie along the mesenteric bor- 
der of the transverse colon. Their efferent 
vessels course to the superior mesenteric 
group of preaortic nodes. 


INFERIOR MESENTERIC NODES 


The inferior mesenteric nodes are clus- 
tered around the stem of the inferior mesen- 
teric artery and its branches. They drain the 
descending colon, sigmoid colon, and the 
upper part of the rectum, a field consistent 
with the blood supply of the inferior mesen- 
teric artery. They are divided into the fol- 
lowing groups: 


Left colic 
Sigmoid 
Superior rectal 


LEFT COLIC NODES. The left colic nodes lie 
along the course of the left colic branch of 
the inferior mesenteric artery, as far as the 
wall of the descending colon (Fig. 10-29). 
Along the medial border of the descending 
colon are found the paracolic nodes, which 
directly drain the large intestine. Efferent 
vessels from these nodes lead to the left colic 
nodes, which, in turn, send their efferent 
branches to the inferior mesenteric group of 
preaortic nodes. 

sigmoip Nopves. The sigmoid lymph 
nodes are located between the layers of the 
sigmoid mesocolon, along the sigmoid 
branches of the inferior mesenteric artery 
(Fig. 10-29). They drain the sigmoid colon 
through the paracolic nodes that are located 
along the mesenteric border of the viscus. 
Efferent vessels from the sigmoid nodes 
terminate in the inferior mesenteric group of 
preaortic nodes. 

SUPERIOR RECTAL NODES. The superior 
rectal group of lymph nodes courses along 
the superior rectal branch of the inferior 
mesenteric artery (Fig. 10-29). Lymphatic 
vessels from the rectum course to pararectal 
nodes, which are oriented longitudinally 
along the rectum and in contact with its 
muscular coat. From these nodes, efferent 
vessels pass to the superior rectal nodes, 
which then drain to the inferior mesenteric 
group of preaortic nodes. 
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Lymphatic Vessels and Nodes 
of the Lower Limb 


Most of the lymphatic vessels of the lower 
limb ascend either superficial or deep to 
groups of inguinal lymph nodes that lie in 
the upper anterior thigh, just below the in- 
guinal ligament. Intermediate nodes are also 
found in the anterior leg and popliteal fossa, 
along the course of major blood vessels. In 
this section are described initially the lym- 
phatic vessels of the lower limb and then the 
eroups of lymph nodes. 
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LYMVIPHATIC VESSELS OF THE LOWER LIMB 


The lymphatic vessels of the lower limb 
consist of two sets, superficial and deep. and 
their distribution corresponds closely to 
that of the veins. 

SUPERFICIAL LYMPHATIC VESSELS. The su- 
perficial lymphatic vessels of the lower limb 
lie in the superficial fascia, and are most 
numerous on the sole of the foot. They are 
divisible into two groups: a medial, which 
follows the course of the great saphenous 
vein, and a lateral, which accompanies the 
small saphenous vein. 
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Fic. 10-38. Lateral view of the right popliteal region. A contrast medium was injected into a superficial lymphatic 
vessel behind the lateral malleolus. This outlined one of the lymphatic vessels ascending to a popliteal lymph node 
(marked by a cross) in the upper superficial region of the popliteal fossa. (From Battezzati and Ippolito, The Lymphatic 
System, John Wiley and Sons, New York, 1972.) 





The medial group of superficial vessels is dial malleolus, course up the leg with the great 
larger and more numerous than the lateral saphenous vein, and pass with it behind the 
group, and commences on the tibial side and _— medial condyle of the femur to the groin. These 
dorsum of the foot (Fig. 10-39). The vessels __ vessels end in the lower set of superficial in- 
ascend both anterior and posterior to the me- _— guinal lymph nodes (Figs. 10-39; 10-40). 


LYMPHATIC VESSELS AND NODES OF THE LOWER LIMB 


The lateral group of superficial vessels 
commences on the fibular side of the foot. 
Some of these vessels ascend on the anterior 
aspect of the leg, cross the tibia just below 
the knee, join the lymphatics on the medial 
side of the thigh, and end in the lower set 
of superficial inguinal nodes. Others pass 
behind the lateral malleolus, and accompa- 
nying the small saphenous vein, enter the 
popliteal nodes (Figs. 10-37; 10-38). 

The superficial lymphatic vessels of the 
dorsal thigh curve around both the lateral 
and medial aspects of the limb to open into 
the upper and lower sets of the superficial 
inguinal nodes. From the lateral gluteal re- 
gion, superficial lymphatic vessels course 
around the lateral hip region to reach the 
upper superficial inguinal nodes, while ves- 
sels from the anus and external genitalia (ex- 
cept the glans penis or clitoris) pass medially 
to the lower set of superficial inguinal nodes. 

DEEP LYMPHATIC VESSELS. The deep lym- 
phatic vessels are few in number and accom- 
pany the deep blood vessels. In the leg, they 
consist of three sets, the anterior tibial, pos- 
terior tibial, and peroneal, that accompany 
the corresponding blood vessels. Each of the 
sets consists of two or three lymphatic chan- 
nels, and these enter the popliteal lymph 
nodes. 

The deep lymphatic vessels of the gluteal 
and ischial regions follow the course of the 
corresponding blood vessels. Those accom- 
panying the superior gluteal vessels end in a 
node that lies on the intrapelvic portion of 
the superior gluteal artery, near the upper 
border of the greater sciatic foramen. Those 
following the inferior gluteal vessels tra- 
verse one or two small nodes that lie below 
the piriformis muscle and end in the internal 
iliac nodes. 


LYMPH NODES OF THE LOWER LIMB 


The lymph nodes of the lower limb consist 
of the following: 


Anterior tibial node 
Popliteal nodes 
Superficial inguinal nodes 
Upper group 
Lower group 
Deep inguinal nodes 


ANTERIOR TIBIAL NODE. The anterior tibial 
node is small and inconstantly found. When 
present, it lies on the interosseous mem- 
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Fic. 10-39. The superficial inguinal lymph nodes and 
lymphatic vessels of the lower limb. 


Sis: 





Fic. 10-40. Normal lymphogram of the right inguinal 
region. 1, Superficial upper inguinal nodes; 2, deep ingui- 
nal nodes; 3, superficial lower inguinal nodes. (From de 
Roo, T., Atlas of Lymphography, J. B. Lippincott, Phila- 
delphia, 1975.) 


brane, between the tibia and fibula, adjacent 
to the anterior tibial vessels. It constitutes a 
substation in the course of the anterior tibial 
lymphatic trunks. 

POPLITEAL NODES. Six or seven small pop- 
liteal nodes are embedded in the fat of the 
popliteal fossa (Figs. 10-37; 10-38). One lies 
immediately beneath the popliteal fascia, 
near the terminal part of the small saphe- 
~ nous vein, and drains the region from which 
this vein derives its tributaries. Another is 
placed between the popliteal artery and the 
posterior surface of the knee joint; it re- 
ceives the lymphatic vessels from the knee 
joint, together with those that accompany 
the genicular arteries. The others lie at the 
sides of the popliteal vessels, and receive as 
afferents the trunks that accompany the an- 
terior and posterior tibial blood vessels. 
Most of the efferent channels of the popliteal 
nodes course upward along the femoral ves- 


sels to the deep inguinal nodes, but a few 
may accompany the great saphenous vein 
and end in the superficial inguinal nodes. 


INGUINAL NODES 


The inguinal lymph nodes are located 
below the inguinal ligament in the upper 
anterior and medial thigh (Figs. 10-39; 10-40). 
These are the principal terminal nodes of the 
lower limb and they receive most of the ef- 
ferent lymphatic channels from the foot, leg, 
and thigh. There are 12 to 20 inguinal nodes 
and they are divided into superficial and 
deep inguinal sets. Of these, the superficial 
inguinal nodes are more numerous and con- 
sist of upper and lower groups. 

SUPERFICIAL INGUINAL NODES. The superfi- 
cial inguinal lymph nodes lie in the fat be- 
tween the skin and deep fascia, distal to the 
inguinal ligament. These nodes are divided 
into an upper group, forming a chain paral- 
lel to the inguinal ligament and extending 
from the anterior superior iliac spine to the 
femoral vessels, and a lower group, found in 
the superficial fascia surrounding the termi- 
nal part of the great saphenous vein (Figs. 
10-39; 10-40). 

The upper group of superficial inguinal 
nodes, consisting of five or six nodes, re- 
ceives afferent lymphatic channels from the 
superficial structures of the gluteal region 
and from the superficial fascia of the ante- 
rior abdominal wall, below the umbilicus. 
Additionally, they receive superficial affer- 
ent channels from both the external geni- 
talia and from the perianal region of the 
perineum. 

The lower group of four or five superficial 
inguinal nodes (formerly called superficial 
subinguinal nodes) receives most of the su- 
perficial afferent lymphatic channels of the 
lower limb, as well as a few superficial ves- 
sels from both the urogenital and anal re- 
gions of the perineum. 

Some efferent vessels from the superficial 
inguinal nodes drain to the deep inguinal 
nodes through the cribriform fascia, but 
most efferent channels pass into the pelvis 
by way of the femoral canal to the external 
iliac nodes. 

DEEP INGUINAL NODES. The deep inguinal 
lymph nodes vary from one to three in num- 
ber, and are located deep to the fascia lata, 
on the medial side of the femoral vein (Fig. 


10-40). When three are present, the lowest 
node is situated just below the junction of 
the great saphenous and femoral veins, the 
intermediate node lies within the femoral 
canal, and the highest node (also known as 
the node of Cloquet! or Rosenmiller’) is lo- 
cated in the lateral part of the femoral ring. 
Of these, the intermediate node is the most 
inconstant of the three, but the highest is 
also frequently absent. The deep inguinal 
nodes receive afferent channels from the 
deep lymphatic vessels that accompany the 
femoral artery and vein, other lymphatic 
vessels from the glans penis or glans clitoris, 
and some efferent channels from the lower 
group of superficial lymph nodes. Efferent 
channels from the deep inguinal nodes pass 
through the femoral canal to the external 
iliac nodes. 


The Spleen 


The spleen, a freely movable organ that is 
largely invested by peritoneum, is situated 
principally in the left hypochondriac region 
of the abdomen. Its posterior extremity ex- 
tends into the epigastric region, and it is 
usually located between the fundus of the 
stomach and the diaphragm. It is soft and 
friable, highly vascular, and dark purplish. 
Although during fetal life and shortly after 
birth the spleen gives rise to new red blood 
corpuscles, this is not thought to occur nor- 
mally in the adult human organ. Hemopoie- 
sis does occur, however, in the spleens of 
many other adult vertebrates. The spleen, 
like certain other lymphoid organs, trans- 
forms lymphocytes into cells that produce 
antibodies or participate in cell-mediated 
immunologic reactions. Additionally, the 
spleen contains many macrophages that de- 
stroy old red blood cells, the hemoglobin of 
which is transformed into bilirubin and re- 
used by the body. 

The size and weight of the spleen are li- 
able to extreme variations at different peri- 
ods of life, in different individuals, and in 
the same individual under different condi- 
tions. In the adult, it is usually about 12 cm 


‘Jules Germain Cloquet (1790-1883): A French anatomist 
and surgeon (Paris). 

“Johann Christian Rosenmiuller (1771-1820): A German 
anatomist and surgeon (Leipzig). 
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in length, 7 6m in breadth, and 3 or 4cm in 
thickness. The spleen increases in weight 
from 17 gm or less during the first year after 
birth to 170 gm at 20 years, and then slowly 
decreases to 122 gm at 76 to 80 years of age. 
Male spleens weigh more than female, and 
the variation in weight of adult spleens is 
from 100 to 250gm, and in extreme in- 
stances, 50 to 400 gm. The size of the spleen 
increases during and after digestion, and 
varies according to the state of nutrition of 
the body, being large in well fed, and small 
in starved animals. In a patient with malarial 
fever it becomes much enlarged, weighing 
occasionally as much as 9kg.! 


DEVELOPMENT OF THE SPLEEN 


The spleen appears initially as several 
clusters of mesenchymal cells between the 
layers of the dorsal mesogastrium, near the 
tail of the pancreas during the fifth week 
(6-mm stage). These cellular aggregates be- 
come vascularized and soon fuse to form a 
lobulated structure. Evidence of this 
lobulation is still indicated in the adult 
spleen by notches usually present along the 
superior margin. With the rotation of the 
stomach, which results in the greater curva- 
ture being directed toward the left, the 
spleen is also carried to the left, and lies be- 
hind the stomach and in contact with the left 
kidney. The part of the dorsal mesogastrium 
that intervened between the spleen and the 
kidney becomes the lenorenal ligament, 
while that part between the spleen and the 
ereater curvature of the stomach forms the 
gastrosplenic ligament. 

ANOMALIES IN DEVELOPMENT. Simple agen- 
esis of the spleen, splenic agenesis associ- 
ated with cardiac defects, the occurrence of 
several spleens, each of good size (poly- 
splenia), the existence of a normal spleen 
with accessory small spleens, and the ec- 
topic location of splenic tissue in the scro- 
tum (splenogonadal fusion) that descended 
with the testis are abnormalities in develop- 
ment that have been described (Gray and 
Skandalakis, 1972). 


1'These data are taken from the monograph entitled The 
Structure and Use of the Spleen by Henry Gray, which 
was published in 1854 and won the triennial ‘Astley 
Cooper Prize” of £300 in 1853. 
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Fic. 10-41. The visceral surface of the spleen. 


RELATIONSHIPS OF THE ADULT SPLEEN 


The spleen has two surfaces, diaphrag- 
matic and visceral; two margins, superior 
and inferior; and two extremities, anterior 
and posterior (Figs. 10-41; 10-42). 

DIAPHRAGMATIC SURFACE. The diaphrag- 
matic surface of the spleen is smooth, con- 
vex, and directed upward, backward, and to 
the left, except toward its posterior extrem- 
ity, where it is directed slightly medially. 
This surface is adjacent to the abdominal 
aspect of the diaphragm, which separates 
the spleen from the ninth, tenth, and elev- 
enth ribs of the left side, and the intervening 
caudal border of the left lung and pleura 
(Fig. 10-42,C). 

VISCERAL SURFACE. The visceral surface of 
the spleen is oriented toward the abdominal 
cavity, and it has gastric, renal, and colic 
areas (Fig. 10-41). 

Gastric Area. The gastric area of the vis- 
ceral surface of the spleen is directed anteri- 
orly, upward, and medially (Fig. 10-41). It is 
broad and concave, and is in contact with 
the dorsal wall of the stomach, and below 
this, with the tail of the pancreas. It has near 


its medial border a long fissure, or more fre- 
quently a series of depressions, termed the 
hilus. This is pierced by several irregular 
apertures for the entrance and exit of vessels 
and nerves. 

Renal Area. The renal area of the visceral 
surface of the spleen is somewhat flattened 
and separated from the gastric area by an 
elevated ridge along the hilus. It is directed 
medially and downward and it is considera- 
bly narrower than the gastric area (Fig. 10- 
41). It is in anatomic relationship to the 
upper part of the anterior surface of the left 
kidney and occasionally with the upper as- 
pect of the left suprarenal gland. 

Colic Area. The colic area of the visceral 
surface of the spleen is flat and triangular. It 
rests on the left flexure of the large colon 
and the phrenicocolic ligament, and it is fre- 
quently in contact with the tail of the pan- 
creas (Fig. 10-41). 

BORDERS OF THE SPLEEN. The superior 
border is free, sharp, thin, and often 
notched, and it separates the diaphragmatic 
surface from the gastric area of the visceral 
surface. The inferior border is more rounded 
and more blunt than the superior border 


(Fig. 10-41). It separates the renal area of the 
visceral surface from the diaphragmatic sur- 
face, and it corresponds to the lower border 
of the eleventh rib, lying between the dia- 
phragm and left kidney. 

EXTREMITIES OF THE SPLEEN. The posterior 
extremity is rounded and directed toward 
the vertebral column. The anterior extremity 
is broader and more expanded than the pos- 
terior (Fig. 10-41), extending between the 
superior and inferior borders and separating 
the colic area of the visceral surface from 
the diaphragmatic surface. 

PERITONEAL ATTACHMENTS. The capsule of 
the spleen is completely covered, except at 
the hilus, by a closely adherent layer of vis- 
ceral peritoneum. Developing between the 
layers of the dorsal mesogastrium, the spleen 
divides this mesentery into two portions. 
One extends between the stomach and the 
spleen and is called the gastrosplenic liga- 
ment. The other is interposed between the 
spleen and the dorsal body wall and is called 
the phrenicolienal ligament (Fig. 10-42,A). 

The lower part of the phrenicolienal liga- 
ment, called the lienorenal ligament, extends 
to the left kidney, and between its layers are 
found the tail of the pancreas and the sple- 
nic vessels and nerves that course through 
the hilus of the spleen (Fig. 10-42,B). Be- 
tween the leaves of the gastrosplenic liga- 
ment are found the short gastric and left 
gastroepiploic vessels. 

Because these ligaments form the left 
boundary of the omental bursa (lesser sac), 
their outer surfaces are covered by perito- 
neum that surrounds the greater sac and 
their inner surfaces are covered by perito- 
neum that lines the omental bursa. The 
spleen itself is covered by greater sac perito- 
neum only, unless the gastrolienal and 
phrenicolienal ligaments fail to meet at the 
hilum, in which condition a small area 
within the hilum may be covered by perito- 
neum that lines the omental bursa. 

As pointed out previously, near the spleen 
are frequently found small nodules of sple- 
nic tissue. This is especially so in the gastro- 
splenic ligament and greater omentum, and 
these nodules may be either isolated or con- 
nected to the spleen by thin bands of splenic 
tissue. These are called accessory spleens, 
and their size varies from that of a pea to 
that of a plum. 


Ie, 


tite or LEE 
MICROSCOPIC STRUCTURE OF THE SPLEEN 


The spleen is an encapsulated lymphatic 
organ, but it is unlike the lymph nodes be- 
cause through the sinuses of the spleen 
venous blood filters, whereas through the 
sinuses of the lymph nodes the lymphatic 
fluid filters. 


CAPSULE AND TRABECULAE 


The spleen is invested by two coats: an 
external serous layer and an internal fibroe- 
lastic capsule. From the latter, connective 
tissue trabeculae penetrate the substance of 
the spleen, separating it into many small 
compartments (Fig. 10-43). 

EXTERNAL SEROUS COAT. The external se- 
rous coat is not an intrinsic part of the spleen 
because it is derived from the peritoneum. It 
is a thin, smooth layer of mesothelial cells, 
and it is intimately adherent to the underly- 
ing fibroelastic capsule. It invests the entire 
organ, except at the hilum and along the 
lines of reflection of the phrenicolienal and 
gastrosplenic ligaments. 

SPLENIC CAPSULE. The spleen is enclosed 
in a rather heavy fibroelastic capsule that is 
composed of dense fibrous connective tis- 
sue, is rich in elastic fibers, and contains 
scattered fibroblasts and some smooth mus- 
cle cells. The capsule closely invests the 
organ, and at the hilum is prolonged inward 
upon the vessels in the form of sheaths. 
From these sheaths, as well as from the inner 
surface of the fibroelastic capsule, numerous 
small fibrous bands, called trabeculae, are 
given off in all directions. Because of the 
high content of elastic fibers in the capsule, 
the vascular sheaths, and the trabeculae, the 
spleen possesses a considerable ability to 
undergo variations in size. 

TRABECULAE. The trabeculae are flattened 
strands of connective tissue that divide the 
spleen into many small intercommunicating 
compartments, each several millimeters in 
diameter (Fig. 10-43). Containing an even 
higher number of elastic fibers than the cap- 
sule, the trabeculae are scattered throughout 
the spleen, thereby forming a complex 
meshwork. The trabeculae arise from the 
branching of larger connective tissue 
sheaths that penetrate the organ at the hilus, 
while other trabecular strands branch from 
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Fic. 10-42. The splenic ligaments. A, The gastrosplenic ligament (part of the greater omentum) has been opened to 
reveal the splenic vessels and the short gastric vessels. B, Cross section through the spleen and fundus of the stomach; 
observe the gastrosplenic ligament oriented anteriorly and the lienorenal ligament oriented posteriorly. C, The spleen 
in relationship to the ninth, tenth, and eleventh ribs. Note the cut edges of the gastrosplenic and lienorenal ligaments. 
(From Thorek, P., Anatomy in Surgery, 2nd ed., J. B. Lippincott, Philadelphia, 1962.) 
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Fic. 10-43. ‘Transverse section of the spleen, showing the trabecular tissue and the splenic vein and its tributaries. 


(From Henry Gray, 1854). 


the internal capsular surface. Within the 
compartments outlined by the trabeculae is 
found the splenic pulp. 


SPLENIC PULP 


In a cross section of freshly cut spleen, 
small whitish to gray regions, measuring 0.25 
to 1mm in diameter, are seen scattered 
throughout a mass of soft, dark reddish- 
brown tissue. These lighter regions are 
collectively called the white pulp and indi- 
vidually are known as lymphatic nodules (or 
Malpighian! bodies), while the surrounding 
larger mass of darker tissue is called the red 
pulp (Fig. 10-44). 

WHITE Putp. The white pulp of the spleen 
consists of many small masses of periarterial 
lymphocytes and other related cells. Arteries 
that enter the hilum of the spleen course 
along the trabecular meshwork and branch 
into smaller vessels. Supporting these 
smalier vessels are sheaths of reticular fi- 
bers, in the meshes of which are infiltrations 
of lymphocytes. As the arteries branch, they 
leave the trabeculae and eventually pene- 
trate the red pulp. As the periarterial lym- 
phatic sheaths surrounding the vessels leave 
the trabeculae, they become enlarged at cer- 
tain sites to form the lymphatic nodules of 


1Marcello Malpighi (1628-1694): A great Italian micro- 
scope anatomist and embryologist (Bologna, Pisa, and 
Messina). 


the white pulp (Fig. 10-44). The microscopic 
structure of these nodules, which have com- 
pact masses of lymphocytes enmeshed 
within a network of reticular fibers, is not 
significantly different from that of the germi- 
nal centers of lymph nodes. 

RED PuLp. The red pulp forms the main 
substance of the spleen (Fig. 10-44). It is com- 
posed of rich plexuses of tortuous venous 
sinuses. Between the sinuses are splenic 
cords that contain diffuse lymphatic cells, 
which include many macrophages, all the 
white blood cell types, many erythrocytes, 
and plasma cells, all enmeshed in a fine net- 
work formed by the processes of stellate re- 
ticular cells. Attached by perpendicular 
processes to the outer endothelial walls of 
the venous sinuses, the reticular cell bodies 
lie suspended within the splenic cords, and 
come into direct contact with the free cellu- 
lar elements. The macrophages are often 
large and contain ingested and partly di- 
gested red blood cells and pigment. 

Between the lymphoid tissue of the white 
pulp and the sinuses and splenic cords of the 
red pulp is a marginal zone that shows char- 
acteristics transitional between the two 
types of splenic tissue. 


BLOOD VESSELS OF THE SPLEEN 


arteries. Derived as one of the branches 
of the celiac trunk, the splenic artery is re- 
markable for its size, being quite large in 
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Fig. 10-44. A section through a portion of the human spleen, stained with hematoxylin and eosin. 50 x . (From di 
Fiore, M., Atlas of Human Histology, 5th ed., Lea & Febiger, Philadelphia, 1981.) 


proportion to the size of the organ. and also 
for its tortuous course. It divides into six or 
more branches, which enter the hilum and 
ramify throughout its substance. Each of 
these branches supplies chiefly that region 
of the spleen in which it ramifies, having no 
anastomosis with the majority of other 
branches. They course in the transverse axis 
of the organ and diminish in size during 
transit. 

These initial branches of the splenic ar- 
tery further subdivide into smaller muscular 
trabecular arteries, which course along the 
trabecular system (Fig. 10-45). Their adventi- 
tial coat blends with the connective tissue of 
the trabeculae. and they frequently are de- 
scribed as having trabecular sheaths. which 
similarly invest the veins emerging at the 
hilum and the incoming nerves. The trabec- 
ular arteries ultimately leave the trabecular 
sheaths and their tunica adventitia is re- 
placed by packs of lymphocytes. enmeshed 
in reticular fibers, which form the white 
pulp. These vessels are then calleo the cen- 
tral (or follicular) arteries, and they contain 
one or two layers of smooth muscle. Central 
arteries are not accompanied by veins. and 
despite their name they are usually dis- 


placed to an eccentric position in the splenic 
lvmphatic nodules (Figs. 10-44: 10-45). 

As the central arteries branch, they be- 
come reduced in diameter, and their sheaths 
of lymphoid tissue become considerably 
thinner. When central arteries become re- 
duced to about 50 » in diameter. each vessel 
divides into two to six straight branches 
called penicillar arteries. These latter ves- 
sels, still surrounded by a single or double 
laver of lymphocytes, enter the red pulp, 
course for less than 1mm. and branch into 
two or three arterial capillaries. At this 
point, the arterial capillaries are lined by 
endothelial cells and have no muscle or 
adventitial coats, but they do acquire a charac- 
teristic thick sheath that consists of concen- 
trically arranged macrophages and reticular 
fibers. The diameter of these sheathed capil- 
laries is about 6 to 8 ». Although found in the 
human spleen. these capillaries are more 
prominent in other animals, such as the dog. 

After a short course, sheathed capillaries 
branch into normal capillaries. Blood from 
these fine arterial capillaries reaches the 
venous sinuses, but exactly how this occurs 
is still conjectural. Some authors claim that 
the arterial capillaries are connected with 
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Fic. 10-45. This diagram illustrates the course of blood within the spleen from arteries at the hilus, through the 
splenic pulp, the sinusoids, and back through the veins. The labels should be read sequentially from 1 to 10. (From 
Ham, A. W., Histology, 7th ed., J. B. Lippincott, Philadelphia, 1974.) 


the venous sinuses in a closed system, and 
that the endothelial lining between them is 
complete. Other authors maintain that the 
endothelial connections are incomplete and 
in this open type of circulation, the arterial 
blood is thought to enter the splenic lym- 
phatic cords and then to diffuse through the 
endothelium and into the venous sinuses 
(Fig. 10-45). The flow through the splenic 
pulp is controlled by rhythmic contraction 
and relaxation of individual and groups of 
arterioles. 

VENOUS SINUSES. The venous sinuses of 
the red pulp are tortuous channels measur- 
ing 12 to 40 in diameter. Their walls are 
formed by long, narrow endothelial cells 
that are oriented longitudinally along the 
sinusoid wall. Their nuclei bulge into the 
lumen; however, their cytoplasmic processes 
do not form true intercellular junctions. 
More recent evidence indicates that they do 
not behave as fixed macrophages, as was 


once thought. The endothelial cells are sup- 
ported by circularly arranged reticular fi- 
bers that are continuous with the collagen 
fibers of the trabeculae. The reticular fibers 
form rings around the sinusoids. 

veIns. The venous sinuses open into the 
Slender, thin-walled veins of the splenic 
pulp. These join to form the trabecular 
veins, which in turn unite to form the six or 
more branches of the splenic vein emerging 
from the hilus (Fig. 10-45). 


LYMPHATIC VESSELS AND NERVES 


LYMPHATIC VESSELS. Although few, if any, 
lymphatic vessels have been found in the 
lymphoid tissue of the splenic pulp in the 
human spleen, they have been described in 
some other mammals. Lymphatic vessels do 
exist in the capsule of the human spleen and 
along the larger trabeculae. They emerge at 
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the hilus with the veins and open into sple- 
nic nodes found at the hilus and into 
pancreaticosplenic nodes along the superior 
border of the pancreas. 

Nerves. Nerve fibers to the spleen are 
derived from the celiac plexus and course 
along the splenic artery to the hilus. These 
are primarily unmyelinated postganglionic 
sympathetic fibers that are vasomotor in 
function. Some fibers from the right vagus 
nerve, however, also have been found cours- 
ing to the spleen. The nerve fibers enter the 
spleen at the hilus and course along the ar- 
teries as far as their trabecular and central 
branches. They terminate not only along the 
smooth musculature of the vessel walls, but 
within the splenic pulp as well. 


The Thymus 


The thymus in an infant is a prominent 
organ, occupying the anterior superior medi- 
astinum, but the thymus in an adult of ad- 
vanced years may be scarcely recognizable 
because of atrophic changes (Fig. 10-46). It is 
situated between the sternum and great ves- 
sels, resting on the pericardium and overlap- 
ping somewhat the upper anterior borders of 
both lungs. At one time, the thymus was 
thought simply to function as a producer of 
lymphocytes. Only since the 1960s has the 
enormous importance of the thymus in the 
maturation of acompetent immunologic sys- 
tem come to light. Although much still needs 
to be learned. the thymus is now recognized 
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as perhaps the key organ that contributes to 
the ability of the body to produce antibodies 
and to reject foreign tissues and cells. 


DEVELOPMENT OF THE THYMUS 


During the latter part of the fifth prenatal 
week, when the developing embryo is only 
about 10 mm long, the primordia of the thy- 
mus appear on the anterior aspect of the 
third pharyngeal pouch, one on each side. At 
this same time, the inferior parathyroid 
glands develop as small solid masses on the 
dorsal aspect of the third pouch. Between 
the sixth and eighth weeks the developing 
thymus is initially recognized as two hollow 
endodermal elongations that descend into 
the thorax and then fuse in front of the de- 
veloping great vessels. At this time, the infe- 
rior parathyroid glands usually separate 
from the thymus and come to rest on the 
posterior surface of the thyroid gland. Some- 
times, however, the inferior parathyroid 
glands do not separate and their continued 
development occurs within the substance of 
the thymus, where they come to lie in the 
anterior mediastinum. 

The fusion medially of the two thymic 
diverticula involves only the mesenchymal 
connective tissue into which the thymic tis- 
sue has grown, and there is no fusion of the 
parenchyma of the two developing lobes. 
The pharyngeal opening of each diverticu- 
lum, the thymopharyngeal duct, is soon 
obliterated, but this stalk may persist for a 
period of time as a cellular cord. Some in- 
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vestigators have claimed that the anterior 
aspect of the fourth pharyngeal pouch also 
develops into a small amount of thymic tis- 
sue, but this has not been definitely estab- 
lished as a routine occurrence. 

As the lobules continue to increase in size, 
their peripheral zones form the cortex of the 
thymus, in which many small lymphocytes 
are concentrated, and their central zones 
form the medulla, in which the cellular re- 
ticulum predominates. The thymus attains a 
weight of 12 to 14 gm before birth, but it does 
not reach its greatest relative size until the 
age of two years. It continues to grow until 
puberty, at which time it reaches its greatest 
absolute size, weighing about 35 em. After 
adolescence it begins its process of involu- 
lion. 

HISTOGENESIS OF THE THYMUS. ‘The cellu- 
lar differentiation of the thymus commences 
when endodermal epithelial cells form solid 
cords that grow caudally into the surround- 
ing mesenchyme tissue. Soon the tubular 
masses of epithelial cells are penetrated by 
blood vessels, and the cells change their 
shape into stellate cells. They still remain 
attached to each other by cellular processes, 
but what results is a cytoreticular meshwork 
arrangement. Some of the epithelial cells, 
instead of contributing to the cytoreticular 
meshwork, become arranged in concentric, 
spherical clusters called thymic corpuscles 
(or Hassall’s! bodies), the centers of which 
appear to show degenerative changes (Fig. 
10-49). 

At about the eighth prenatal week, lym- 
phocytes appear in the developing epithelial 
cytorelicular meshwork, filling the intersti- 
tial spaces between the epithelial cells. At 
one time some investigators believed that 
these lymphocytes were derived from the 
epithelial cells themselves, while others 
thought that they came from the mesen- 
chymal cells. The weight of evidence now 
indicates, however, that the thymus (like the 
developing spleen, liver, and bone marrow) 
receives stem cells from the yolk sac in the 
embryo, whereas after birth the stem cells 
come from the bone marrow. These reach 
the thymus by way of the blood stream and 
they begin to differentiate into small lym- 
phocytes, which in the thymus are called 
thymocytes. During embryogenesis, the pro- 
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liferation of thymocytes occurs at a high rate 
and large numbers of these leave the thymus 
lo reside at many sites elsewhere in the 
body. 


RELATIONSHIPS OF THE THYMUS 


The thymus consists of two lateral lobes 
that are held in close contact by connective 
tissue, which also encloses the whole organ 
in a distinct capsule. It is situated partly in 
the thorax and partly in the neck, extending 
from the fourth costal cartilage to the lower 
border of the thyroid gland (Fig. 10-46). In 
the neck, it lies anterior and lateral to the 
trachea, and deep to the origins of the ster- 
nohyoid and sternothyroid muscles. In the 
thorax, it occupies the anterior portion of 
the superior mediastinum; superficial to it is 
the sternum, and deep to it are the great ves- 
sels and the upper part of the fibrous peri- 
cardium. The two lobes generally differ in 
size and shape, the right frequently overlap- 
ping the left. The thymus has a pinkish gray 
color, is soft and lobulated, and at birth 
measures approximately 5 cm in length, 4 cm 
in width, and 6 mm in thickness. Of greater 
importance, however, is its weight at differ- 
ent periods of maturation from birth through 
adulthood and senility (described previ- 
ously), at which times the organ alters signif- 
icantly in size. 


MICROSCOPIC STRUCTURE OF THE THYMUS 


The two lobes of the thymus are com- 
posed of numerous lobules, varying from 0.5 
to 2mm in diameter, which are incompletely 
separated from each other by delicate con- 
nective tissue. The parenchymal cells of one 
lobule are joined to those of adjacent ones 
by thin cellular interconnections. The lob- 
ules can be seen on stained sections with the 
unaided eye. Using low power magnifica- 
tion, two zones of tissue can be seen within 
each lobule, an outer cortex and an inner 
medulla (Fig. 10-47). 

The cortical part consists primarily of a 
network of stellate reticular cells and their 
processes, which differentiated from endo- 
dermal epithelial cells, and numerous 
closely packed aggregations of lymphocytes 
called thymocytes, which occupy the spaces 
within the cyltoreticulum (Fig. 10-48). The 
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medullary portion of a thymic lobule con- 
tains reticular cells of varying shapes. 
Whereas some maintain the stellate charac- 
teristics of reticular cells found in the cortex, 
others become elongated. somewhat flat- 
tened, and circularly arranged in lamellae to 
form the thymic corpuscles, which measure 
0.03 to 0.10 mm in diameter (Fig. 10-49). The 
central core of these corpuscles consists of 
granular cells that appear to be degenerat- 
ing. The medulla contains many fewer lym- 
phocytes than the cortex. 

The stroma of the thymus consists of a 
thin investing capsule and interlobular con- 
nective tissue septa, in which are found the 
blood vessels and nerves supplying the 
organ. 

VESSELS AND NERVES. The thymic arteries 
are derived from mediastinal branches of 
the internal thoracic artery, and from 
branches of the inferior thyroid arteries. The 
thymic veins drain into the left brachioce- 
phalic, the internal thoracic, and the inferior 
thyroid veins. From the interlobular septa, 
smaller arteries enter the depths of the lobu- 
lar parenchyma along the cortical-medullary 
border. From these vessels capillaries pene- 
trate and ramify within the cortex, while 
other small vessels course into the medulla. 
The returning capillaries and venules merge 
in a comparable manner and return to the 
interlobular septa in a similar course. 

The lymphatic vessels that drain the thy- 
mus terminate in parasternal, anterior medi- 
astinal. and tracheobronchial lymph nodes. 

The nerves that supply the thymus are 
very small and are derived from both sym- 
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pathetic and vagal branches. Also distrib- 
uted to the capsule of the thymus. but not 
penetrating the substance of the gland, are 
small branches from the phrenic nerves and 
from the superior root of the ansa cervicalis. 

INVOLUTION OF THE THYMUS. The thymus 
commences gradual involutionary changes 
in early childhood, and this process is accel- 
erated after puberty. This is anormal change 
and it is called age involution, but it may be 
superseded by a rapid accidental involution 
due to excessive stress, starvation, ionizing 
radiation. or acute disease. The small lym- 
phocytes of the cortex disappear and the 
reticular tissue becomes compressed. The 
disappearing thymic tissue is likely to be 
replaced by adipose tissue, but the connec- 
tive tissue capsule persists, retaining its orig- 
inal shape. With age the weight of the thy- 
mus is usually reduced significantly, and in 
an older individual what appears to be a yel- 
lowish-colored thymus, when sectioned, will 
reveal only small islands of thymic tissue 
surrounded by fat. 

FUNCTIONS OF THE THYMUS. Only recently 
has the importance of the thymus been ap- 
preciated. One of the most exciting fields of 
research in the latter half of the twentieth 
century has been the work that has eluci- 
dated the cellular and humoral mechanisms 
by which the body achieves and maintains 
its immunologic defense. At one time it was 
thought that the thymus quite simply pro- 
duced lymphocytes. Although this is one of 
its most important functions, it was not then 
realized how essential these specific lym- 
phocytes, and probably certain humoral se- 
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cretions liberated by thymic cells, were to 
the maturation of the immunologic system. 
Removal of the thymus at birth results in 
animals that are immunologically incompe- 
tent. They cannot reject transplanted grafts, 
and being defenseless to the normal anti- 
genic challenges of the environment, they 
soon die. Further, these animals show a defi- 
ciency of lymphocytes in the spleen, lymph 
nodes, and blood. 


The epithelial (reticular) cells of the thy- 
mus probably have an endocrine function. It 
is thought that these cells secrete a hor- 
mone(s) that induces a capacity in lympho- 
cytes, both of the thymus itself and 
elsewhere, and in plasma cells to form anti- 
bodies in response to antigens. 
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The human nervous system, having evolved 
from that of lower animals, accounts more 
nearly for the behaviors characteristic of 
people than does any other organ system in 
the body. Its role in the control and manage- 
ment of most functions of other organs and 
tissues allows for appropriate reactions to 
alterations in the environment and, thus, for 
survival. In this latter respect it functions 
comparably to the nervous systems of other 
mammals, but in its highly evolved integra- 
tive, communicative, reflective, creative, and 
acutely perceptive functions, the human 
nervous system lends to Man those abilities 
that have truly elevated our species above 





all others. In addition to these more abstract 
functions of the human brain, which are 
common to all healthy members of our spe- 
cies, our individualities and the distinctive 
characteristics that give to each of us an 
identity and separate us, one from another, 
are also based in the structure and functions 
of our own personal nervous system. 

In this chapter emphasis is placed on the 
developing nervous system and the gross 
anatomy of the spinal cord and brain. The 
detailed internal structure of the nervous 
system and the broad discipline of neurobi- 
ology and the other neurosciences will not 
be extensively recounted, for there are many 
excellent specialized textbooks in which 
these fascinating fields are handled more 
appropriately. 


Development of the Nervous 
System 


The architectural and functional develop- 
ment of the nervous system and the underly- 
ing principles involved collectively form 
one of the most exciting chapters in all of 
biology. The descriptive and experimental 
neuroembryologist has had the task of ex- 
plaining how and why the nervous system 
develops its infinite complexity. Similarities 
among the early developmental stages of 
many of the higher vertebrates have allowed 
us to gain much information about early 
human neurogenesis. 


Formation of Presumptive Neural Derivatives 


Each of us develops from the single-celled, 
fertilized ovum. Through successive mitotic 
divisions, the ovum becomes a fluid-filled 
ball of cells known as the blastula, within 
which exists an inner cell mass that is des- 
tined to become the embryo proper. This 
mass of cells is surrounded by an outer, flat- 
tened, cellular shell known as the tropho- 
blast, which rapidly proliferates and invades 
the maternal uterine tissue. The use of vital 
staining techniques has made possible the 
discovery of regions of the living blastula 
that become the three primary germ layers: 
the ectoderm, mesoderm, and endoderm. 
Along the mid-dorsal line of the embryo at 
this early stage, there appears a primitive 
streak, an area of ectoderm where a faster 
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groove and neural tube in successively older embryos. 
(Redrawn after W. J. Hamilton and H. W. Mossman, 
Human Embryology, 4th ed., Williams and Wilkins, Bal- 
timore, 1972.) 


proliferation of cells occurs. Because the 
entire nervous system is ectodermal in ori- 
gin, it is at this time (15 to 17 days after 
fertilization) that the presumptive neural re- 
gions of the human embryo commence dif- 
ferential transformation. 

In front of the primitive streak appears the 
primitive knot (Hensen’'s! node), from which 
extends the developing notochord. The flat- 
tened layer of ectoderm on the dorsal aspect 
of the embryo now becomes stratified, and 
this unequal growth of the neural plate leads 
to an infolding of the ectoderm and thus the 
formation of the neural groove (Fig. 11-1,A 


1 Victor Hensen (1835-1924): A German embryologist and 
physiologist (Kiel). 
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and B). Coursing along the longitudinal axis 
of the embryo, the neural groove then be- 
comes surrounded by the neural folds. As 
the process of invagination continues, the 
neural folds fuse to form the neural tube, the 
rostral part of which is broader and eventu- 
ally develops into the brain, while the nar- 
row caudal part forms the spinal cord (Fig. 
11-1,C and D). The central lumen of the neu- 
ral tube is retained as the ventricular system 
rostrally and as the central canal of the spi- 
nal cord caudally. 

NEURAL INDUCTION. At these early devel- 
opmental stages, the organization of the por- 
tion of the embryo that is destined to be- 
come the nervous system, i.e. essentially the 
neural plate and folds, appears to be under 
the inductive influence of underlying meso- 
dermal elements. In their classic experi- 
ments, Spemann and Mangold (1924) first 
emphasized the necessity for the mainte- 
nance of physical contact between the neu- 
ral ectoderm and the subjacent mesodermal 
tissue for normal neural development. When 
a particular part of an embryo is capable of 
liberating a chemical substance that causes 
the surrounding tissue to develop in a cer- 
tain manner, the process is called induction. 
The biochemical substance is called the 
evocator, and the property exhibited by the 
surrounding tissue in response to the evocator 
is called competence. 

Because mesoderm at the dorsal lip of the 
blastopore (and probably tissue in other re- 
gions of the primitive streak) is capable of 
directly inducing the formation of central 
neural tissue in the embryo, it is called a pri- 
mary organizer. Although the chemical na- 
ture of the evocator is still unknown, several 
types of substances have been shown to 
have inductive effects. 

The great significance of these early peri- 
ods to the normal development of the com- 
plete mature central nervous system should 
be stressed. The shifting of only a few cells 
in the wrong direction, or the failure in 
growth or closure of a small part of the neu- 
ral tube in an embryo 2 to 3 mm long, can 
result in embryonic death or serious malfor- 
mation. For example, if the neural groove 
fails to close, or if having closed, it fails to 
separate completely from the overlying ecto- 
derm, the development of the associated ver- 
tebrae is also abnormal, and a condition 
known as spina bifida results. 


Histogenesis of the Neural Tube 


The neural tube eventually separates from 
the layer of ectoderm that is destined to be- 
come skin and continues to develop subcu- 
taneously. Rapid division and growth in the 
cephalic end of the neural tube occurs and 
soon the accumulations of nuclear masses in 
the walls of the neural tube become recog- 
nizable as forebrain, midbrain, and hind- 
brain. 

In recent decades the histogenesis of the 
cellular elements that comprise the central 
nervous system has become a subject of en- 
hanced scientific interest. For many years 
the pseudostratified, columnar, neuroepithe- 
lial structure of the very early neural tube, 
even before its closure, was described as 
consisting of several cell types. His (1889, 
1904) proposed that from these cell types 
three layers develop: ependymal, mantle, 
and marginal. In His’ schema, the innermost 
ependymal layer contains germinal cells 
that divide to form neuroblasts. These mi- 
grate through a wider layer of spongioblasts 
(precursors to the neuroglia) to form the 
mantle layer or gray matter region. The out- 
ermost marginal layer does not contain 
many cell bodies, but instead consists of 
many nerve processes (fibers) that eventu- 
ally form the white matter. 
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FOUR-ZONE SCHEMA RECOMMENDED A 
more recent and welcome clarification of the 
terminology, and a variation on the classic 
schema of His regarding histogenesis of the 
neural tube, is based on modern electron 
microscopic and autoradiographic findings 
(Boulder Committee, 1970). This proposal 
states that four geographic zones form in the 
developing vertebrate central nervous sys- 
tem: ventricular, subventricular, intermedi- 
ate, and marginal (Fig. 11-2). 

Within the ventricular zone, which bor- 
ders the central lumen, a single pseudostrati- 
fied columnar cell type called the ventricu- 
lar cell exists (Fig. 11-2,A). This cellular 
element is the source of all neurons and 
macroglia (astrocytes and oligodendroglia) 
in the central nervous system. The germinal 
cells and the spongioblasts, which His con- 
sidered different cell types, are in fact mi- 
totic and intermitotic forms of the ventricu- 
lar cell. The Fugitas (1963a, b; 1964) and 
others have shown that as cells in this inner- 
most ventricular zone (Fugita’s matrix layer) 
pass through intermitotic and _ mitotic 
phases, their nuclei “elevate” away from and 
then return to the innermost region of the 
neural tube. During their intermitotic period 
(DNA synthetic phase), the ventricular cells 
have an elongated columnar form, and the 
nuclei are located away from the lumen in 
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Fic. 11-2. Schematic drawing of five stages (A-E) in the development of the vertebrate central nervous system, as 
described in the text. Abbreviations: CP, cortical plate: I, intermediate zone; M, marginal zone; S, subventricular zone; 
V, ventricular zone. (From Boulder Committee, Anat. Rec., 116:257-262, 1970.) 
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the outer limit of the ventricular zone. When 
these columnar cells are ready to divide, 
thereby replicating their DNA, the cells be- 
come spherical. the nuclei move inward 
toward the surface of the ventricular lumen, 
and at this deepest portion in the wall of the 
neural tube. the cells divide. 

Shortly after the formation of the ventric- 
ular zone, an outermost marginal zone, com- 
posed principally of the cytoplasmic proc- 
esses of the ventricular cells, is recognizable 
(Fig. 11-2,B). As the ventricular cells con- 
tinue to divide, some newly formed cells 
migrate outward from the ventricular zone 
to create an intermediate zone, interposed 
between the marginal and ventricular zones 
(Fig. 11-2,C). Certain cells that form this in- 
termediate zone are immature nerve cells 
that have ceased to divide. As they mature, 
these cells develop axons and dendrites that 
course either within the intermediate zone 
or enter the more outlying marginal zone. 

In certain parts of the developing neuraxis, 
such as the anterior region of the spinal 
cord, the intermediate zone remains rela- 
tively uniform. In the developing cerebrum 
and cerebellum, however, cell bodies within 
this zone migrate to form other layers, such 
as the cortical plate illustrated in Figure 11- 
2,D and E. 

This more recent description of the proc- 
ess also recognizes a subventricular zone 
that eventually forms between the ventricu- 
lar and intermediate zones (Fig. 11-2,D and 
E}). Migrating to the subventricular zone are 
round proliferating cells that do not elevate 
and descend during their intermitotic and 
mitotic phases. These cells give rise to the 
adult subependymal neuronal elements, as 
well as to the adult astrocytes and oligoden- 
droglia, but not to the ependymal cells. From 
this subventricular zone, the neuroglial ele- 
ments are thought to migrate to all other 
zones of the embryonic neuraxis. 


Development of the Spinal Cord 


As a result of the proliferation and migra- 
tion of ventricular cells into the intermediate 
zone, the lateral walls of the neural tube in- 
crease in thickness. In contrast, the roof 
plate and floor plate become quite thin, and 
the central lumen is rather narrow and 
slitlike (Fig. 11-3.B). The ventral part of each 
lateral wall further enlarges, and the middle 
portion of the lumen becomes altered on 
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Fic. 11-3. Diagrams illustrating four successive stages 
in the development of the alar (in black) and basal (in 
red) laminae of the spinal cord region. (From W. J. Ham- 
ilton and H. W. Mossman, Human Embryology, 4th ed., 
Williams and Wilkins, Baltimore, 1972.) 


each side by the formation of a longitudinal 
groove, the sulcus limitans (Fig. 11-3). The 
sulcus indicates the area on the wall of the 
neural tube at which the dorsal or alar lam- 
ina is separated from the ventral or basal 
lamina. These laminae represent an early 
functional differentiation: the alar lamina or 
alar plate will become the sensory portion of 
the gray substance, and the basal lamina or 
basal plate will become the motor portion 
(Figs. 11-3; 11-4). 

The basal lamina thickens, and in a cross 
section the intermediate zone (mantle layer) 
appears as an expanded region between the 
marginal and ventricular zones. This thick- 
ening is the rudiment of the ventral gray col- 
umn or ventral horn. Its immature nerve 
cells send their axons out through the mar- 
ginal layer to form the ventral roots of the 
spinal nerves (Fig. 11-4). The alar lamina also 
thickens gradually. becoming the dorsal 
gray column or dorsal horn. Later, axons 
from many of these cells grow rostrally and 
assist in the formation of the dorsal and lat- 
eral white columns or funiculi (Fig. 11-4). A 
few fibers cross to the opposite side and 
form the ventral white commissure. 
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Fic. 11-4. Transverse sections through the spinal cords of human embryos. A, Age about four and a half weeks; B, 


age about three months. (W. His.) 


At the end of about the fourth week, nerve 
fibers begin to appear in the marginal layer. 
The first to develop are the short interseg- 
mental fibers, which come from differentiat- 
ing nerve cells in the intermediate zone. Fi- 
bers from the cells in the spinal ganglia also 
grow into the marginal zone and by the sixth 
week have formed a well-defined oval bun- 
dle in the peripheral part of the alar lamina 
(Fig. 11-4). This bundle gradually increases 
in size and spreads toward the midline from 
each side; it forms the rudiments of the dor- 
sal funiculi, which are separated by the dor- 
sal median sulcus. Long intersegmental fi- 
bers appear about the third month, and 
corticospinal fibers appear about the fifth 
month. Initially, all the nerve fibers are de- 
void of myelin, and the various bundles of 
fibers become myelinated at different times. 
Thus, the dorsal and ventral roots acquire 
myelin about the fifth month, and the corti- 
cospinal fibers, after the ninth month. The 
expanding growth of the ventral horn and 
ventral funiculus of the two sides causes 
these parts to bulge laterally beyond the 
floor plate. leaving a deep groove, the ventral 
median fissure, between the two ventral fu- 
niculi. 

SEGMENTATION. Segmentation is the repe- 
tition of structural patterns at successive lev- 
els and is one of the earliest vertebrate char- 
acteristics of the human embryo. The first 
somites that are formed are the most ce- 


phalic ones; they appear behind the auditory 
placode during the third week of develop- 
ment. Thereafter, the number of somites in- 
creases rapidly, so that by the fifth week 
there are already 38 pairs. The most constant 
of these developing myotomes are the eight 
cervical, twelve thoracic, five lumbar, and 
five sacral somites. These become inner- 
vated by the developing spinal nerves and 
create the segmental organization of the 
body. providing the basis for segmental re- 
flex activities. 

Corresponding to the development of the 
somites, the thickening of the wall of the 
neural tube is not uniform. This enlargement 
is somewhat greater at the sites at which the 
spinal nerves attach to the cord than in be- 
tween, producing a beaded appearance and 
establishing the neuromeres or segments. 
The relative thickness of the spinal segments 
varies according to the size of the nerves and 
the bulk of the peripheral field that the nerve 
supplies. There exists no valid evidence to 
indicate that segmentation is a characteristic 
inherent in the early neuraxis. In contrast, 
experimental evidence has shown that seg- 
mentation in the nervous system is deter- 
mined to a large extent by segmentation of 
the mesodermal somites. On the basis of the 
segmentation of the axial mesoderm, it is 
generally accepted that spinal nerve and 
ganglion segmentation is acquired secondar- 
ily. In later development, the long projection 
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FiG 115. Diagrams showing four successive stages in the differential growth of the spinal cord in relation to the 
vertebral column and meninges. Note the elevation in the position of the caudal end of the cord and the increasing 
length and obliquity of the first sacral nerve, used here for reference. A, Eighth prenatal week; B, twenty-fourth 
prenatal week; C, newborn infant; D, adult. (From K. L. Moore, The Developing Human, W. B. Saunders, Philadel- 


phia, 1973.) 


tracts grow into the marginal zone, thereby 
obliterating the segmental appearance of the 
spinal cord. 

GROWTH OF THE SPINAL CORD WITHIN THE 
VERTEBRAL CANAL. In embryos during the 
somite stages and until the third prenatal 
month, the spinal cord forms a long, slender 
tube curved to the shape of the embryo and 
extending its entire length as far as the coc- 
cygeal region (Fig. 11-5). The segmentally 
arranged spinal nerve roots emerge and 
enter the spinal cord at levels directly in line 
with their sites of origin. By the sixth month 
the caudal end of the cord reaches only as 
far as the upper part of the sacrum, while at 
birth it is on a level with the third lumbar 
vertebra. These positional changes continue 
during postnatal maturation, so that in the 
adult, the end of the spinal cord lies at the 
level of the intervertebral disc between the 
first and second lumbar vertebrae (Fig. 11-5). 

This uneven growth and the marked ce- 
phalic flexure of the brain keep the rostral 
end of the maturing nervous system within 


the cranial cavity. The adult spinal cord 
gives the appearance of having been pulled 
upward in the spinal canal, and the spinal 
nerves below the cervical level become 
more and more longitudinally displaced 
within the vertebral canal. Because these 
nerves must still emerge at their somatic 
structures through their respective interver- 
tebral foramina, the lower end of the verte- 
bral canal becomes filled with the long 
coursing roots of the lower spinal segments. 
These roots are located intradurally, and this 
region of the cord is called the cauda equina. 
The finely tapered end of the cord itself, 
still attached to the most distal part of the 
vertebral canal in the coccyx, is called the 
filum terminale (Fig. 11-5). 


Development of the Spinal Nerves 


The continued maturation of young nerve 
cells in the ventrolateral portion of the inter- 
mediate zone of the spinal cord results in the 
formation of the ventral roots, whereas the 
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FiG. 11-6. Neural crest formation. Transverse section through third somite of nine somite rat embryo. 


immature neurons in the dorsal root ganglia 
grow into the cord to form the dorsal roots. 

VENTRAL ROOTS. As groups of nerve cells 
that form the gray matter in the basal plate 
continue to differentiate during the fifth 
week, they sprout delicate processes that 
emerge from the ventral horn and form the 
rudiments of the ventral roots. Many of these 
fibers, motor in function, course toward 
masses of differentiating striated muscle 
cells and eventually make contact. 

DORSAL ROOTS. The dorsal roots, which 
develop differently than the ventral roots, 
form differentiating nerve cells in the dorsal 
root ganglia. During the sixth and seventh 
prenatal weeks, these young neurons 
send processes both centrally into the poste- 
rior gray matter of the spinal cord and pe- 
ripherally to structures that are developing 
within their respective myotomes. The tissue 
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that forms the spinal ganglia is a ridge of 
neuroectodermal cells called the neural 
crest or ganglion ridge. 

The Neural Crest. The neural crest forms 
from bands of ectodermal cells that originate 
early during the development of the nervous 
system and are located on the sides of the 
neural folds (Figs. 11-6; 11-7). As the folds 
begin to fuse, the neural crest cells from both 
sides form an aggregation of cells along the 
midline, dorsal to the neural tube and ex- 
tending from the caudal part of the cephalic 
region all along the developing neuraxis 
(Fig. 11-7). After a short period of time, the 
neural crest cells once again become dis- 
placed bilaterally, undergo metameric seg- 
mentation, and begin to differentiate. The 
proliferating neural crest cells are gathered 
into paired spherical groups that correspond 
to each segment and will become the primi- 
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Fic. 11-7. Development of the human neural crest. A, 2.5 mm; B, 5.0 mm; C, 7.5 mm; D, longitudinal diagram of the 
early spinal cord showing the neural crest as a plate of tissue overlying the neural tube. The neural crest then divides 
into right and left portions, each of which will further subdivide segmentally. (After L. B. Arey, Developmental 
Anatomy, revised 7th ed., W. B. Saunders, Philadelphia, 1974.) 


tive spinal ganglia. Some of the neural crest 
cells from the ventral part of each primitive 
ganglion separate and migrate peripherally 
to form the sympathetic ganglia and other 
neural crest derivatives. 

In addition to the spinal ganglia and the 
ganglia of the sympathetic system, the neu- 
ral crest gives origin to the parasympathetic 
ganglia in the head, along with the sensory 
ganglia associated with the trigeminal, fa- 
cial, glossopharyngeal. and vagus nerves. 
Also derived from the neural crest are the 
neurilemma sheath cells of the peripheral 
nerves. Other neural crest cells become dis- 
persed with the general mesenchyme and 
are responsible for the melanocytes in the 
skin. the cells of the adrenal medulla, the 
chromaffin cell system, and probably certain 
cartilages in the head. 

Neurons of the Spinal Ganglia. As just 
stated, proliferation of the neural crest re- 
sults in the formation of cellular aggrega- 
tions, lateral to the neural tube, that are des- 
tined to become the sensory ganglia (Fig. 
11-8,A). The developing neurons within 
these segmentally arranged ganglia give rise 
to the sensory fibers of the spinal nerves. 
During differentiation these nerve cells are 
initially bipolar due to the development of a 
primary process at either end. As their matu- 
ration continues, a majority of the cells in 
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mammals become unipolar as the two pri- 
mary processes fuse into a single stem, 
which emerges from the neuronal soma (Fig. 
11-8,B). Beyond the point of fusion, the axon 
divides like a T into two primary branches, 
one of which is directed centrally, and the 
other, peripherally. The centrally oriented 
branch grows into the neural tube as a sen- 
sory root fiber. As they penetrate the dorso- 
lateral wall of the neural tube, the sensory 
fibers bifureate into ascending and descend- 
ing branches within the marginal zone of the 
spinal cord. The fibers then enter the devel- 
oping intermediate zone (gray matter) and 
come into synaptic connection with other 
maturing nerve cells there. The peripherally 
directed branches of the spinal ganglion 
cells become the afferent fibers in the cere- 
brospinal nerves. 

Within the ganglia, some of the neural 
crest cells form capsules that surround the 
ganglion cell bodies. These supporting ele- 
ments, which are disc-like and flattened, are 
called satellite cells. In contrast to what oc- 
curs in other ganglia, note that neurons in 
the sensory ganglia of the vestibulocochlear 
nerve remain bipolar throughout life. 

NERVE FIBER SHEATHS. The axis cylinders 
in the developing peripheral nerves soon 
become surrounded by protective sheaths 
that are also ectodermal in origin. In the path 
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Fic. 11 8. Development of a human spinal nerve. A, Transverse section of the spinal cord and the dorsal and ventral 
roots ina 7-mm embryo. B, Longitudinal section of a spinal ganglion in an embryo of ten weeks, showing the transfor- 
mation of bipolar ganglion cells into unipolar cells. These two figures come from the studies of S. Ramon y Cajal. (From 
L. B. Arey, Developmental Anatomy, revised 7th ed., W. B. Saunders, Philadelphia, 1974.) 


of the outgrowing axons can be seen numer- 
ous spindle-shaped ectodermal cells that 
have migrated from the neural tube and the 
neural crest along the course of the ventral 
and dorsal roots. These are the Schwann! 
cells; they form not only a prominent morpho- 
logic feature in a developing peripheral 
nerve, but they also have an important role 
in the differentiation of the nerve fibers. 
They form the nucleated sheath, or neuri- 
lemma, of the peripheral nerve, and because 
they form myelin, they are comparable to 
the oligodendroglia of the central nervous 
system. The layers of myelin that form 
around the developing nerve fibers have 
been shown by electron microscopy not to 
be an extracellular substance, as was once 
believed, but alternating layers of lipids and 
protein which are plasma membranes of the 
Schwann cells wrapped around the axis cyl- 
inders in a spiral manner. 

Although there is no question that the 
ochwann cells associated with the dorsal 
roots have a neural crest origin, it has been 
experimentally inferred that certain sheath 
cells accompanying the ventral root fibers 
may originate in the neural tube. 


Development of the Brain 


The cephalic portion of the neural tube 
enlarges and begins to change its shape even 
before it is completely closed. The unequal 
growth in size and thickness of the different 
parts, together with the formation of certain 
flexures, establishes at an early stage three 
recognizable regions within the primitive 
brain: the rhombencephalon (or hindbrain), 
the mesencephalon (or midbrain), and the 
prosencephalon (or forebrain). During the 
fourth prenatal week in embryos of 3 to 4 
mm, the first of the flexures to appear is the 
midbrain (or cephalic) flexure in the region 
of the mesencephalon (Fig. 11-9,A). By 
means of this flexure the forebrain makes a 
U-shaped bend ventrally over the rostral end 
of the notochord and foregut, causing the 
midbrain for a period of time to protrude 
dorsally as the most prominent part of the 
brain. The second bend, the cervical flexure, 
appears at the junction of the hindbrain and 
spinal cord at nearly the same time as does 
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the midbrain flexure. The cervical flexure 
continues to develop until the hindbrain and 
spinal cord form a right angle with each 
other (Fig. 11-9,A). It then gradually dimin- 
ishes as the body posture changes and the 
head becomes erect, and it disappears some 
time after the sixth week. The third bend is 
named the pontine flexure because it occurs 
in the region of the future pons (Fig. 11-9,B). 
In contrast to the midbrain and cervical flex- 
ures, the convexity of the pontine flexure is 
directed anteriorly. 

The sulci limitans, which divide the lat- 
eral walls of the spinal cord into alar and 
basal laminae, clearly extend rostrally 
through the hindbrain and midbrain. They 
also divide these brain stem regions of the 
neuraxis into alar (or dorsal) and basal (or 
ventral) laminae. 

The early developing brain, being tubular 
in nature, contains a cavity that is continu- 
ous throughout the entire neuraxis, from the 
forebrain above to the lowest regions of the 
spinal cord. As development progresses and 
changes occur in the external shape of dif- 
ferent regions of the central nervous system, 
the shape of the inner cavity also undergoes 
regional changes. In the forebrain the cavity 
becomes the lateral ventricles of the cere- 
bral hemispheres and the third ventricle of 
the diencephalon (Fig. 11-9,C). The lumen 
narrows throughout the midbrain, eventu- 
ally becoming the cerebral aqueduct, and 
opens once again as the fourth ventricle in 
the hindbrain. At the rostral end of the hind- 
brain, a constriction of the cavity results 
from a transverse invagination called the 
dorsal rhombencephalic sulcus. This region 
of the neuraxis is sometimes known as the 
rhombencephalic isthmus, and its cavity is 
continuous caudally with the fourth ventri- 
cle, which, in turn, becomes the central 
canal of the spinal cord (Fig. 11-9,C). 


THE RHOMBENCEPHALON 


When the midbrain flexure appears, the 
rhombencephalon, or hindbrain, is as long 
as the forebrain and midbrain combined 
(Figs. 11-11; 11-12). For descriptive purposes, 
the rhombencephalon is divided into a more 
caudal portion called the myelencephalon, 
which forms the medulla oblongata, and a 
more cranial part, the metencephalon, 
which forms the cerebellum and pons. 

THE MYELENCEPHALON. The caudal part of 
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Fig. 11-9. A, Flexures of the human brain in 6-mm embryo (early part of fifth week). B, Flexures of the human brain in 
14-mm embryo (early part of sixth week). C, Longitudinal hemisection of human brain in an 11-mm embryo (end of 
fifth week), showing the internal cavities. (Redrawn after L. B. Arey, Developmental Anatomy, revised 7th ed., W. B. 


Saunders, Philadelphia, 1974.) 


the hindbrain is the myelencephalon, and it 
forms the medulla oblongata. At first the 
medulla is similar to the spinal cord, consist- 
ing of a roof plate, floor plate, and lateral 
plates of alar and basal laminae. The roof 
plate becomes greatly stretched and thinned 
at an early stage (Fig. 11-10,B and C), but the 
floor plate holds the lateral plates together so 
that they diverge and flatten simultaneously. 
_ The sulcus limitans persists, but now it sepa- 
rates a laterally placed alar lamina from a 
more medially placed basal lamina. The 
functional pattern remains similar to the spi- 
nal cord with a sensory alar plate, a motor 
basal plate, and autonomic nuclei along the 
sulcus limitans (Fig. 11-10,C, D, and EF). 
Sensory fibers from the neural crest gan- 
glia of the glossopharyngeal and vagus 
nerves form a bundle opposite the sulcus 
limitans. Called the tractus solitarius (Fig. 
11-10,B), it corresponds to the oval bundle of 
the primitive spinal cord (Fig. 11-4,A). At 
first it is in contact with the outer surface of 


the alar lamina, but it later is buried by the 
overgrowth of neighboring parts (Fig. 11-10,D). 
At about five weeks, the part of the alar lam- 
ina next to the floor plate bends over later- 
ally, forming the rhombic lip (Figs. 11-10,E; 
11-13). The rhombic lip folds downward, 
over the main part of the alar lamina, fuses 
with it, and buries the tractus solitarius and 
spinal root of the trigeminal nerve. Later, the 
nodulus and flocculus of the cerebellum 
develop from the rhombic lip. 

Although the basal plate corresponds in 
function to the ventral horn of the spinal 
cord because both give rise to motor fibers, 
in the basal plate the cells become arranged 
in groups or nuclei instead of continuous 
columns. In addition, neuroblasts migrate 
from the alar plate and rhombic lip into the 
basal lamina and become aggregated in the 
olivary nuclei (Fig. 11-10,D). Many of the fi- 
bers from these cells cross the midline of the 
floor plate and thus constitute the rudiment 
of the raphe of the medulla. The accumula- 
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Fig. 11-10. Cross sections of cord and medulla comparing manner of origin of spinal and cranial nerves. A, Thoracic 
cord of 14.8-mm embryo to show origin of typical spinal nerve. B, Lower part of medulla for comparison with cord 
structure. C, Medulla of 15-mm embryo at level of upper rootlets of nerves X and XII. D, Medulla of 73-mm embryo at 
level of upper rootlets of nerves X and XII. Compare with C. E, Medulla of 15-mm embryo at level of pons, showing the 
roots of nerves VI and VII. F, Medulla of 73-mm embryo at level of pons, showing the roots of nerves VI and VII. 


Compare with E. 


Abbreviations: Acc., accessory; Aff., afferent; Col., column; Desc., descending; Eff., efferent; Fasc. Sol., fasciculus 
solitarius; Gn., ganglion; Inf., inferior; Jug., jugular; N.A., nucleus ambiguus (note that in the younger stage (C), it is 
not separated from the general afferent column as happens later (D) and since it supplies skeletal muscle of branchio- 
meric origin rather than smooth muscle it is classified as a special visceral efferent nucleus); Nuc., nucleus; R., 
restiform body; Rhomb., rhombic; Sp., special; Visc., visceral. (Courtesy of B. M. Patten, Human Embryology, 3rd ed., 


McGraw-Hill, New York, 1968.) 


tion of these cells and fibers in the ventral 
part of the basal plate pushes the motor nu- 
clei deep into the interior, and in the adult 
they are found close to the interior lumen. 
The change is further accentuated by the 


development of the pyramids at about the 
fourth month and by the fiber connections of 
the cerebellum. On the floor of the fourth 
ventricle, the rhomboid fossa—a series of six 
temporary transverse rhombic grooves—ap- 
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Fig 11-11. Exterior of brain of human embryo of 
about four and one-half weeks. (From a model by W. 
His.) 


pears. The most cephalic, or first and second, 
grooves lie over the trigeminal nucleus; the 
third groove lies over the facial nucleus; the 
fourth, over the abducent nucleus; the fifth, 
over the glossopharyngeal nucleus; and the 
sixth, over the nucleus of the vagus nerve. 

THE METENCEPHALON. The metencephalon 
is the rostral portion of the hindbrain, and it 
extends from the pontine flexure to the 
rhombencephalic isthmus. Its cavity is the 
rostral part of the fourth ventricle. Two re- 
gions of the neuraxis, the pons ventrally and 
the cerebellum dorsally, are derived from 
the metencephalon (Fig. 11-14). 

The Pons. The pons consists of a dorsal, 
more primitive, and phylogenetically older 
part called the pontine tegmentum, which 
forms a thick floor for the fourth ventricle. 
Its structure in many ways resembles that of 
the medulla oblongata and it contains the 
upward continuation of many structures 
found in the medulla. In contrast, the basilar 
or ventral portion of the pons is a more re- 
cent and distinctly mammalian acquisition, 
since through it course fiber systems that in- 
terconnect the cerebral cortex and the cere- 
bellar regions. 
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FiG. 11-12. Brain of ahuman embryo of about four and 
one-half weeks, showing the interior of the forebrain. 
(From a model by W. His.) 


The roof plate of the embryonic pons 
forms a thin sheet of white matter in front of 
the cerebellar cortex called the medullary 
velum. The basal plates, located ventral to 
the sulci limitans, as in the myelencephalon 
and spinal cord, form motor neurons (Fig. 
11-15). In the pons these contribute general 
somatic efferent fibers for the abducens 
nerve, which supplies the lateral rectus mus- 
cle in the orbit, and special visceral efferent 
neurons for the trigeminal and facial nerves, 
which supply the muscles derived from the 
first and second branchial arches. Addition- 
ally, preganglionic parasympathetic general 
visceral motor neurons are formed in the su- 
perior salivatory nucleus. Their axons also 
emerge with the facial nerve to synapse pe- 
ripherally in the pterygopalatine and sub- 
mandibular ganglia. The basal plate also 
contributes neuronal elements to the reticu- 
lar formation. 

The alar plates, located dorsal to the sulci 
limitans, form the relay nuclei for sensory 
components in the trigeminal, facial, and 
vestibulocochlear nerves (Fig. 11-15). The 
sensory nucleus of the trigeminal nerve, 
found in the pontine tegmentum and also 
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Fig. 11-13. Exterior of the brain of a human embryo of about five weeks. (From a model by W. His.) 


extending caudally into the medulla oblong- 
ata, receives general sensory afferent trigem- 
inal fibers. Special and general visceral af- 
ferent fibers course in the pons with the 
facial nerve to enter the tractus and nucleus 
solitarius, and the vestibular and cochlear 
nuclei receive special sensory afferent fibers 
from the vestibulocochlear nerve. The floor 
plate of the developing pons forms a midline 
raphe, as it does in the myelencephalon. 

The ventrally located basilar portion of 
the pons contains the large pontine nuclei, 
which are formed by cells that migrate from 
the alar plates of both the myelencephalon 
and metencephalon. Fibers from the cere- 
bral cortex enter these nuclei, whereas fibers 
from the pontine nuclei cross the midline 
and course to the cerebellum by way of the 
middle cerebellar peduncles. 

The Cerebellum. Principally due to the 
pontine flexure, the dorsolateral parts of the 
alar plates in the cephalic portion of the 
hindbrain bend laterally and posteriorly to 
form the rhombic lips (Figs. 11-13; 11-16). 
The rostral part of each rhombic lip be- 
comes thickened and, together with the alar 
plates in the rostral rhombencephalon, 


forms the rudiments of the cerebellum (Fig. 
11-14). Initially, the two rhombic lips 
partially project into the fourth ventricle 
and partially onto the dorsal surface of the 
metencephalon above the attachment of the 
roof plate. As the pontine flexure deepens, 
the rhombic lips become compressed, which 
causes them to fuse, thereby forming the 
transverse cerebellar plate. After the third 
month, this plate becomes differentiated into 
an unpaired midline portion, which be- 
comes the vermis, and symmetrically shaped 
lateral portions, which develop into the 
cerebellar hemispheres. At this stage the 
developing cerebellum assumes a “dumb- 
bell” appearance, and further growth is prin- 
cipally the result of enlargement of its extra- 
ventricular part. Because of this so-called 
eversion, the cerebellum becomes essen- 
tially an extraventricular structure, overly- 
ing the fourth ventricle. 

The outer surface of the cerebellum is ini- 
tially smooth. Soon after the third month, 
however, the first of the cerebellar fissures 
appears, separating the nodulus and the floc- 
culus from the rest of the vermis and the lat- 
eral cerebellar lobes. This is called the pos- 
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Fic. 11-14. Interior of the brain of a human embryo of about five weeks. (From a model by W. His.) 


terolateral fissure, behind which is the 
phylogenetically older flocculonodular node, 
importantly related to the vestibular system, 
and in front of which is the more rapidly 
growing cerebellar hemispheres. During the 
fourth and fifth months this rapid growth 
results in the formation of a number of fis- 
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Fig. 11-15. Diagrammatic representation of the basal 
and alar plates of the metencephalon. Note the motor 
nuclei of the basal plates, the sensory nuclei of the alar 
plates, and the pontine nuclei located more ventrally. 
(From J. Langman, Medical Embryology, Williams and 
Wilkins, Baltimore, 1963.) 


sures that separate newly formed lobules in 
the cerebellar hemispheres. These include 
the primary fissure, which courses trans- 
versely and deeply to separate the paleo- 
cerebellar anterior lobe from the neocere- 
bellar posterior lobe, as well as several other 
transverse fissures, including (from back to 
front) the secondary fissure, the prepyrami- 
dal fissure, the horizontal fissure, and the 
posterior superior fissure. 


THE MESENCEPHALON 


The mesencephalon, or midbrain, devel- 
ops around a primitive neural cavity that 
eventually is reduced in diameter to form 
the cerebral aqueduct (of Sylvius!). The nar- 
row canal joins the lumen of the diencepha- 
lon (the third ventricle) rostrally with that of 
the rhombencephalon (the fourth ventricle) 
caudally. Three major regions of the embry- 
onic neural tube become differentiated in 


'Franciscus Sylvius (Latinized form of Francois Dubois, 
or de la Boé (1614-1672): A Dutch physician and anato- 
mist (Leyden). 
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Fic. 11-16. Hindbrain of a human embryo of three 
months—viewed from behind and partly from the left 
side. (From a model by W. His.) 


this part of the brain stem. These are the tec- 
tum, which develops dorsal to the cerebral 
aqueduct, and the midbrain tegmentum and 
cerebral peduncles, which form ventral and 
lateral to the aqueduct. 

The midbrain tectum develops from the 
two alar laminae that invade the roof plate 
of the original neural tube. As in other re- 
gions of the neuraxis, cells from the alar 
plates develop into structures related to sen- 
sory functions, and in the midbrain tectum, 
they form the corpora quadrigemina. These 
four bodies are the paired inferior and supe- 
rior colliculi, which serve as important relay 
centers for the integration of reflexes initi- 
ated by both auditory and visual impulses 
(Fig. 11-17). 

The basal plate forms the tegmentum of 
the midbrain and from it originate the motor 
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nuclei of the oculomotor and _ trochlear 
nerves (Fig. 11-17). These general somatic 
efferent fibers supply the extraocular mus- 
culature that is formed within the preotic 
myotomes. Also formed by the basal plate 
are the general visceral efferent neurons of 
the Edinger?-Westphal? nucleus, pregangli- 
onic parasympathetic nerve cells. that 
emerge with the oculomotor nerve to syn- 
apse in the ciliary ganglion. From this gan- 
glion, postganglionic fibers supply the 
sphincter of the pupil. 

The ventrolateral aspect of the basal 
plates receives large numbers of descending 
corticofugal fibers destined for the pons, 
medulla oblongata, and spinal cord. These 
form the crura cerebri or cerebral pedun- 
cles, which are separated from the tegmental 
region on both sides by nuclear masses 
called the substantia nigra (Fig. 11-17). The 
cells that form the mesencephalic reticular 
formation, as well as the red nucleus, are 
thought by some investigators to migrate 
from the alar plates into the tegmental re- 
gions. Others have claimed that these mid- 
brain elements develop in situ from basal 
plate cells. There is also conjecture relating 
to the origin of the cells that form the sub- 
stantia nigra. 


THE PROSENCEPHALON 


At early stages, transverse sections of the 
prosencephalon, or forebrain, display the 
same parts as those that are seen at similar 


*Ludwig Edinger (1855-1918): A German anatomist and 
neurologist (Frankfurt-am-Main). 

3Karl F. O. Westphal (1833-1890): A German neurologist 
and psychiatrist (Berlin). 
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Fic. 11-17. Diagrams showing the differentiation of midbrain structures from alar and basal plates. The arrows in A 
indicate the migration of alar plate cells, which form the red nucleus and substantia nigra. (From J. Langman, Medical 


Embryology, Williams and Wilkins, Baltimore, 1963.) 
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stages of development in the spinal cord and 
medulla: namely, thick lateral walls con- 
nected by thin roof and floor plates. Al- 
though many investigators believe that the 
sulcus limitans does not extend forward 
beyond the midbrain and that the prosen- 
cephalon is formed primarily from the alar 
laminae, others believe that the hypothala- 
mus is derived from the basal laminae and 
that the rest of the forebrain forms from the 
alar laminae. The latter point to the hypo- 
thalamic sulcus, which continues forward as 
far as the optic recess and might be consid- 
ered analogous to the sulcus limitans. Irre- 
spective of this matter, the telencephalon 
gives origin to all of the central nervous sys- 
tem cranial to the midbrain. 

Ata very early period, even before the clo- 
sure of the cranial part of the neural tube, 
the optic vesicles appear as diverticula on 
each side of the forebrain. Initially they 
communicate with the forebrain vesicle by 
relatively wide openings. Later the proximal 
part of the vesicle is narrowed into the optic 
stalk (Figs. 11-11 to 11-14), and the peripheral 
part is expanded into the optic cup. The cav- 
ity of the vesicle eventually disappears, and 
the stalk is invaded by nerve fibers and be- 
comes the optic nerve and tract. The optic 
cup becomes the retina. 

After closure of the neural tube, the lateral 
walls of the forebrain grow anteriorly and 
ventrally much more rapidly than the me- 
dian portion, resulting in the formation of a 
large pouch on each side, the cerebral hemi- 
spheres (Figs. 11-11; 11-13). The cavities 
within the pouches are the rudiments of the 
lateral ventricles and their intercommuni- 
cations become the future interventricular 
foramina of Monro? (Figs. 11-12; 11-14). The 
median portion of the wall of the forebrain 
vesicle, formed by the anterior part of the 
roof plate, consists of a thin lamina that 
stretches from the interventricular foramina 
to the recess at the base of the optic stalk 
called the lamina terminalis. The rostral part 
of the forebrain, including the hemispheres, 
is the telencephalon or endbrain, and the 
caudal part is called the diencephalon or in- 
termediate brain. The cavity of the median 
part of the forebrain vesicle becomes the 
third ventricle. 


THE DIENCEPHALON. The diencephalon 


‘Alexander Monro Secundus (1733-1817): A Scottish 
anatomist and surgeon (Edinburgh). 


gives rise to the thalamus, metathalamus, 
epithalamus, and hypothalamus (Figs. 11-12; 
11-14; 11-18). A groove in the lateral wall of 
this part of the forebrain vesicle, the hypo- 
thalamic sulcus, separates the epithalamus, 
metathalamus, and thalamus, located more 
dorsally, from the hypothalamus, located 
ventrally. The caudal extent of the dien- 
cephalon consists of a plane drawn between 
the posterior commissure dorsally and the 
mammillary bodies ventrally, while rostrally 
it extends to the cerebral hemispheres and 
forms the telencephalon. At the base of the 
brain the diencephalon extends rostrally to a 
site a few millimeters anterior to the optic 
chiasma. 

The thalamus arises as a thickening of the 
cephalic two-thirds of the alar plate. For 
some time it is visible as a prominence on 
the external surface of the brain (Figs. 11-171; 
11-13), but it later becomes buried by the 
overgrowth of the hemispheres (Fig. 11-18). 
The thalami of the two sides protrude medi- 
ally into the ventricular cavity and eventu- 
ally join across the midline in a small com- 
missure-like junction of gray substance 
called the interthalamic adhesion. This was 
formerly termed the massa intermedia. 

The metathalamus consists of the medial 
and lateral geniculate bodies, which appear 
as slight prominences on the outer surface of 
the alar lamina. The medial geniculate bod- 
ies are relay stations for the transmission of 
auditory impulses, while the lateral genicu- 
late bodies function as relay centers in the 
visual pathways. 

The epithalamus includes the pineal body, 
the posterior commissure, and the habenular 
trigone. The pineal body arises as an 
evagination of the roof plate between the 
thalamus and the colliculi (Fig. 11-18). The 
habenular trigone, consisting of the habenular 
nuclei and the habenular commissure, de- 
velops in the roof plate just rostral to the 
pineal gland, and the posterior commissure 
develops just caudal to it. The roof plate of 
the diencephalon rostral to the pineal gland 
remains thin and epithelial in character and 
becomes invaginated by the choroid plexus 
of the third ventricle. The choroid plexus 
consists of modified ependymal cells that 
form a close functional relationship with 
blood vessels in the pia mater, and as else- 
where in the ventricular system, it secretes 
cerebrospinal fluid. 

The hypothalamus is formed from the 
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Choroidal fissure attachment on the pharyngeal roof during 
the sixth week. 

The optic part of the hypothalamus ini- 
tially is represented by two diverticula, the 
optic vesicles. Peripherally the optic cup 
forms the retina, whereas the optic stalk is 
retained as the pathway through which the 
oe : : ‘ ingrowing optic nerve fibers from the gangli- 
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Fic. 11-18. Median sagittal section of brain of human 
embryo of three months. (From a model by W. His.) 


portion of the lateral walls of the diencepha- 
lon located below the hypothalamic sulcus 
(Figs. 11-12; 11-14; 11-18). One group of hypo- 
thalamic nuclei that develops becomes im- 
portantly related to many visceral and endo- 
crine functions, as well as to the innate 
behaviors of feeding, drinking, and sleep- 
ing. Caudally the mammillary bodies are 
formed; initially these arise as a single ven- 
trally protruding structure that later during 
the third prenatal month becomes divided 
by a midline furrow (Figs. 11-13; 11-14). 
Anterior to the mammillary bodies the 
tuber cinereum is formed, and in front of 
this a diverticulum develops in the hypotha- 
lamic floor and gives rise to the infundibu- 
lum and posterior lobe of the pituitary gland 
(Fig. 11-18). In contrast, the anterior lobe of 
the pituitary gland develops from an ecto- 
dermal diverticulum called Rathke’s' pouch. 
This latter outgrowth appears in the roof of 
the stomodeum during the middle of the 
third week. It extends upward toward the 
floor of the hypothalamus, and as it makes 
contact with the posterior lobe, it loses its 


!Martin H. Rathke (1793-1860): A German anatomist and 
zoologist (KOnigsburg). 


the most rostral portion of the developing 
neuraxis, and early during its formation 
it consists of two lateral diverticula and an 
interconnecting median part, the lamina ter- 
minalis, which is continuous with the dien- 
cephalon. The cavities of the diverticula rep- 
resent the lateral ventricles and their walls 
become thickened to form the substance of 
the cerebral hemispheres. The cavity of the 
median portion is the most rostral extent of 
the third ventricle. Initially, the lateral 
ventricles widely communicate with the 
third ventricle, but eventually, as the cere- 
bral hemispheres grow, these communica- 
tions become the slit-like interventricular 
foramina. 

The cerebral hemispheres expand rapidly 
after the sixth week, and by the fourth 
month almost completely cover the dien- 
cephalon, mesencephalon, and cerebellum 
(Fig. 11-18). The medial surfaces of the two 
hemispheres come into contact, which ac- 
counts for their flattened appearance and 
results in the formation of the longitudinal 
cerebral fissure, which intervenes between 
the hemispheres. This enormous growth of 
the cerebral hemispheres is characteristic 
of mammalian brains, especially the human 
brain. It is convenient and functionally rele- 
vant to describe the further development of 
the following principal parts of each cere- 
bral hemisphere: the rhinencephalon and 
archeopallium, the corpus striatum, and the 
neopallium. 

Rhinencephalon and Archeopallium. Con- 
tinued use of the term rhinencephalon 
(olfactory brain) can be justified only when 
the structures incorporated within its defini- 
tion are clearly stated. Confusion arises be- 
cause authors have frequently used the term 
loosely to include many structures that are 


cha e | | AN, 


not directly related to olfaction, but are asso- 
ciated instead with emotional and visceral 
functions (such as mating behavior, feeding, 
ageressivity, and fear)—functions that, espe- 
cially in lower vertebrates, depend impor- 
tantly on olfactory cues. In this book, the 
term rhinencephalon is used strictly to in- 
clude the olfactory bulb and those forebrain 
regions that receive nerve fibers directly 
from it. Thus, in addition to the olfactory 
bulb, the rhinencephalon includes the olfac- 
tory tracts, the medial, intermediate, and lat- 
eral olfactory striae, the olfactory trigone 
(formed where the striae diverge), the ante- 
rior olfactory nucleus, the olfactory tubercle 
(anterior perforated substance), the cortico- 
medial group of nuclei in the amygdaloid 
complex, and the prepiriform and periamyg- 
daloid cortex of the piriform lobe. In es- 
sence, this represents the olfactory bulb, its 
tracts, and the paleopallium, the so-called 
olfactory cortex. Because the hippocampal 
formation in mammals does not appear to 
receive major projections of olfactory fibers 
directly, its structures are included in the 
term archeopallium. 

The rhinencephalon and archeopallium 
are phylogenetically the oldest portions of 
the telencephalon, and in fishes, amphibia, 
and reptiles they constitute virtually the en- 
tire cerebral hemisphere. The rhinencephalic 
primordia first appear on the medial aspect 
of the anteroventral surface of each develop- 
ing cerebral hemisphere during the latter 
part of the fifth week (Figs. 11-13; 11-14). Ex- 
ternally, a slight longitudinal ridge or diver- 
ticulum appears which corresponds to a fur- 
row that forms on the inner aspect of the 
hemisphere, close to the lamina terminalis. 
The rhinencephalon is separated from the 
lateral surface of the hemisphere by the 
rhinal sulcus and is continuous caudally 
with the portion of the hemisphere that will 
form the anteromedial end of the temporal 
lobe. As development continues, the longitu- 
dinal ridge becomes divided by a groove into 
an anterior and a posterior part. The rostral 
part of the ridge is the primitive olfactory 
lobe, while the caudal part is the piriform 
lobe (Fig. 11-19). From the rostral part of the 
longitudinal ridge, a hollow shaft grows for- 
ward, the cavity of which initially retains a 
communication with the lateral ventricle. 
During the third month, the stalk loses its 
cavity and becomes solid, forming the primi- 
tive olfactory bulb and tract. The proximal 
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Fic. 11-19. Inferior surface of brain of embryo at be- 
ginning of fourth month. (From Kollmann.) 


part of the primitive olfactory lobe is con- 
nected with the parolfactory or subcallosal 
area, adjacent to the lamina terminalis on 
the medial surface of the hemisphere, by the 
medial olfactory gyrus (Fig. 11-19). 

From the caudal part of the primitive ol- 
factory ridge develop the anterior perforated 
substance and piriform lobe (Fig. 11-19). At 
the beginning of the fourth month, the 
piriform lobe forms a curved elevation that 
is continuous behind with the medial sur- 
face of the future temporal lobe. Intercon- 
nected rostrally to the olfactory lobe by the 
lateral olfactory gyrus (or prepiriform re- 
gion), the surface of the piriform lobe is 
marked at this stage by the gyrus ambiens 
and the gyrus semilunaris (Fig. 11-19). These 
develop into the corticomedial part of the 
amygdala and the lumen insulae. The adult 
piriform lobe, bounded laterally by the 
rhinal sulcus, is divided into the prepiriform, 
periamygdaloid, and entorhinal regions. The 
prepiriform and periamygdaloid regions re- 
ceive direct olfactory bulb fibers by way of 
the lateral olfactory tract, while the entorhi- 
nal region, which forms a large part of the 
parahippocampal gyrus, receives projec- 
tions from the prepiriform cortex, but none 
directly from the olfactory bulb. 

The adult archeopallium consists of the 
hippocampus (cornu ammonis), the dentate 
gyrus, and the subicular part of the para- 
hippocampal gyrus. Together these struc- 
tures are also frequently called the hippo- 
campal formation, and before the appear- 


ance of the corpus callosum, they develop 
on the medial wall of the cerebral hemi- 
sphere along a line parallel with, but above 
and in front of, the choroid fissure. Becom- 
ing folded into the cavity of the lateral ven- 
tricle, so that the prominence bulging into 
the ventricle forms the hippocampus, the 
invagination is accompanied by the develop- 
ment of a corresponding fissure, the hippo- 
campal sulcus, on the medial surface of the 
cerebral hemisphere. Soon the marginal 
zone of the invagination differentiates to 
form the dentate gyrus, while inferiorly and 
laterally the hippocampus merges with the 
cortex of the parahippocampal gyrus by 
means of the subiculum. As the infolding 
proceeds, the hippocampal fissure is elon- 
gated; the subiculum becomes located on 
one side of the hippocampal sulcus and the 
dentate gyrus on the other side. Eventually, 
the hippocampus (cornu ammonis) curves 
around the hippocampal fissure, and the 
dentate gyrus lies within the concave aspect 
of the curve. 

The outer gray substance of the primor- 
dium of the archeopallial cortex ends within 
the bulging prominence between the hippo- 
campal fissure and the choroid fissure, leav- 
ing the white matter, called the alveus, ex- 
posed along the edge of the hippocampus 
adjacent to the epithelial cells of the epen- 
dyma. These fibers join to form the fimbria 
of the fornix. With the downward and for- 
ward growth of the temporal lobe, the hip- 
pocampal fissure and parts associated with it 
extend from the interventricular foramen to 
the end of the inferior horn of the lateral 
ventricle. 

Corpus Striatum. The corpus striatum 
appears as a thickening in the floor of the tel- 
encephalon between the optic stalk and the 
interventricular foramen, adjacent to the 
thalamus (Figs. 11-12; 11-14; 11-20; 11-21). By 
the second month it has increased in size 
and bulges from the floor of the lateral ven- 
tricle into the ventricular lumen, extending 
as far as the occipital pole of the primitive 
hemisphere. 

As the expansion of the cerebral hemi- 
spheres gradually covers the diencephalon, 
a part of the corpus striatum is carried into 
the lateral ventricular wall and downward 
into the roof of the inferior horn of the lat- 
eral ventricle as the tail of the caudate nu- 
cleus. During the fourth and fifth months, 
the corpus striatum is invaded and incom- 
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pletely subdivided by large numbers of fi- 
bers of the internal capsule into two masses: 
an inner or dorsomedial part adjacent to the 
ventricle, the caudate nucleus, and an outer 
part, ventrolateral to the fibers of the inter- 
nal capsule, the lentiform nucleus (Fig. 11- 
21). This latter nucleus develops into the 
larger putamen laterally and the smaller glo- 
bus pallidus medially. 

The Neopallium. The neopallium, or non- 
olfactory part of the cerebral cortex, forms 
the greater part of the hemisphere. Early in 
development its cavity is the primitive lat- 
eral ventricle. This is enclosed by a thin wall 
of neural tissue from which the cortex of the 
hemisphere is derived, and it expands in all 
directions but especially dorsally and cau- 
dally. By the third month the hemispheres 
cover the diencephalon; by the sixth month 
they overlap the midbrain; and by the eighth 
month they reach the hindbrain. The median 
Jamina uniting the two hemispheres does not 
share in their expansion and remains as the 
thin roof of the third ventricle. Thus, be- 
tween the hemispheres there develops a - 
deep cleft, the forerunner of the longitudinal 
cerebral fissure. The cleft becomes occupied 
by a septum of mesodermal tissue that 
constitutes the primitive falx cerebri. As the 
cerebral hemispheres expand, each lateral 
ventricle is gradually drawn outward onto 
three prolongations that represent the future 
anterior, inferior, and posterior horns. 

The part of the wall along the medial bor- 
der of the primitive lateral ventricle, which 
is immediately continuous with the roof 
plate of the diencephalon, lies over the prim- 
itive interventricular foramen and extends 
caudally. This border remains thin and has 
an ependymal or epithelial character. It is 
invaginated into the medial wall of the lat- 
eral ventricle to form the choroid fissure 
(Figs. 11-14; 11-22). Mesodermal tissue from 
the outer surface of the hemisphere, the 
rudiment of the pia mater, spreads into the 
fissure between the two layers of the epen- 
dyma to form the rudiment of the tela 
choroidea. The blood vessels accompanying 
the mesoderm form the choroid plexus, 
which almost completely fills the cavity of 
the ventricle for several months (Figs. 11-20; 
11-21). The tela choroidea, lying over the 
roof of the diencephalon, also invaginates 
the thin epithelial covering to form the cho- 
roid plexus of the third ventricle. 

As described previously, the medial wall 
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Fic. 11-20 Frontal sections through the forebrain of (A) 15-mm, (B) 17-mm, and (C) 19-mm human embryos, showing 
various stages in the development of the lateral ventricles and the choroid plexuses. Embryonic ages: early, mid, and 
latter part of the sixth week. (From W. J. Hamilton and H. W. Mossman, Human Embryology, 4th ed., Williams and 
Wilkins, Baltimore, 1972.) 
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of the cerebral hemisphere becomes folded 
into the cavity of the lateral ventricle and 
develops as the rudiment of the hippocam- 
pal formation. Growth of the remaining cer- 
ebral cortex is so great that the structure is 
thrown into folds or convolutions (gyri) be- 
tween which are formed the sulci or fissures. 
Additionally, groups of nerve fibers pass 
from one hemisphere to the other, forming 
the commissures. 

The Commissures. The development of 
the posterior commissure was mentioned in 
the section describing the embryology of the 
diencephalon. The other commissures inter- 
connecting the two hemispheres are the 
large corpus callosum, the anterior commis- 
sure, and the small commissure of the 
fornix, which all arise from the lamina ter- 
minalis (Fig. 11-22). At about the fourth 
month a small thickening appears in this lam- 
ina, immediately in front of the interventric- 
ular foramen. The lower part of this thicken- 
ing soon becomes constricted, and fibers 
erow into it to form the anterior commissure. 
These fibers interconnect the two olfactory 
bulbs and certain other paleopallial struc- 
tures of the two sides, such as the piriform 
and prepiriform regions and the amygdaloid 


nuclei. The upper part continues to grow 
caudally with the hemispheres and is in- 
vaded by two sets of fibers. Transverse fi- 
bers, extending between the two cerebral 
hemispheres, pass into its dorsal part and 
become differentiated as the corpus callo- 
sum. Longitudinal fibers from the hippocam- 
pus pass into the ventral part of the lamina 
terminalis, and arching over the thalamus to 
the mammillary bodies, develop into the 
fornix. The anterior portion between the 
corpus callosum and fornix is not invaded 
by commissural fibers and becomes the sep- 
tum pellucidum. 

Sulci and Gyri. The outer surface of the 
cerebral hemisphere is at first smooth. Later 
it exhibits a number of convolutions, or gyri, 
that are separated from each other by sulci, 
which appear during the sixth or seventh 
month of fetal life. The term complete sulcus 
is applied to grooves that involve the entire 
thickness of the cerebral wall and thus pro- 
duce corresponding eminences in the ven- 
tricular cavity. The other sulci affect only 
the superficial part of the wall and therefore 
leave no impressions in the ventricle. 

The complete sulci are the choroidal and 
hippocampal, which have already been de- 
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scribed; the calcarine, which produces the 
swelling known as the calcar avis in the pos- 
terior horn of the ventricle; and the collat- 
eral sulcus, with its corresponding eminence 
in the ventricular cavity. The central sulcus 
(the fissure of Rolando!) develops in two 
parts; the intraparietal sulcus, in four parts; 
and the cingulate sulcus, in two or three 
parts. The lateral cerebral (or Sylvian) sul- 
cus differs from all the other sulci in its 
mode of development. It appears toward the 
end of the third month as a depression, the 
Sylvian fossa, on the lateral surface of the 
hemisphere (Fig. 11-23). The floor of this 
fossa becomes the insula, and its adherence 
to the subjacent corpus striatum prevents 
this part of the cortex from expanding at the 
same rate as the portions that surround it. 
The neighboring parts of the hemisphere, 
therefore, gradually grow over and cover the 
insula, constituting the temporal, parietal, 
frontal, and orbital opercula of the adult 
brain. The frontal and orbital opercula are 
the last to form, but by the end of the first 
year after birth, the insula is completely sub- 
merged. The sulci separating the opposed 
margins of the opercula constitute the adult 
lateral cerebral sulcus. 


Development of the Autonomic Nervous 
System 


The autonomic nervous system consists of 
sympathetic and parasympathetic divisions. 
It is a two-motor neuron system, of which 


'Luigi Rolando (1773-1831): An Italian anatomist (Turin). 
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the cell body of the first, or preganglionic, 
neuron lies within the substance of the brain 
or spinal cord, while the cell body of the sec- 
ond, or postganglionic, neuron is located 
more peripherally in one of the autonomic 
ganglia outside the central nervous system. 

SYMPATHETIC NERVOUS SYSTEM. ‘The cell 
bodies of the preganglionic neurons in the 
sympathetic division of the autonomic nerv- 
ous system are located in the lateral gray 
matter of the spinal cord in a column ex- 
tending from the first thoracic segment 
through the second lumbar segment. Occu- 
pying a position between the afferent groups 
of the dorsal horn and the somatic efferent 
groups of the ventral horn, the preganglionic 
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Fic. 11-23. Outer surface of cerebral hemisphere of 
human embryo of about five months. 


sympathetic neurons develop axons that 
grow out through the ventral roots with the 
somatic motor fibers. Eventually these pre- 
ganglionic elements leave the spinal nerves 
by way of the white rami communicantes to 
synapse with postganglionic sympathetic 
neurons within the ganglia of the sympa- 
thetic trunk or in the other outlying collat- 
eral ganglia found in the abdomen. 

Sympathetic Ganglia. Most investigators 
today believe that the ganglion cells that 
form the sympathetic ganglia are derived 
from the neural crest. These cells commence 
migrating along the dorsal roots of the spinal 
nerves during the fifth prenatal week, and 
they eventually form segmentally paired 
neuronal groups in the embryonic thoracic 
region dorsolateral to the aorta. Soon the fi- 
bers grow between the masses of cells to 
form the sympathetic chains. Other ganglion 
cells grow from the cervical and lumbar re- 
gions of the neural crest to form the cervical 
and lumbosacral ganglia. Certain sympa- 
thetic ganglion cells migrate beyond the 
sympathetic trunk to form ganglia adjacent 
to the branches of the abdominal aorta. 
These outlying collateral ganglia develop 
shortly after those of the sympathetic trunk 
and include the celiac, superior mesenteric, 
and inferior mesenteric ganglia. The nerve 
fibers of the postganglionic sympathetic 
neurons are either unmyelinated or sur- 
rounded by very thin myelin sheaths. 

PARASYMPATHETIC NERVOUS SYSTEM. ‘The 
parasympathetic nervous system consists of 
preganglionic nerve cells that arise in the 
visceral efferent nuclei of the brain, and 
their axons grow out of the brain by way of 
the oculomotor, facial, glossopharyngeal, 
and vagus nerves. Additionally, other pre- 
ganglionic parasympathetic neurons de- 
velop in the lateral gray column of the sec- 
ond, third, and fourth sacral segments and 
leave the spinal cord in the ventral roots of 
the sacral nerves. The oculomotor, facial, 
and glossopharyngeal parasympathetic neu- 
rons course to ganglia in the orbit, deep face, 
and lower jaw, from which postganglionic 
parasympathetic fibers course to the viscera 
in the head. The vagus nerve descends to 
supply preganglionic fibers to terminal gan- 
glia within or near the viscera of the neck, 
thorax, and abdomen. Sacral parasympa- 
thetic fibers grow as far as terminal ganglia 
in the lower part of the gastrointestinal tract 
and in the pelvic organs. 


Parasympathetic Ganglia. The precise 
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Origin of the ganglion cells that form the 
ciliary, pterygopalatine, submandibular, 
and otic ganglia of the head is still not com- 
pletely understood. Some believe that the 
ganglion cells migrate from the trigeminal 
ganglion along the developing divisions of 
the trigeminal nerve. Others feel that all the 
cells are derived from the central nervous 
system and migrate along the specific cranial 
nerves that carry the preganglionic fibers. 
Still other investigators feel that the para- 
sympathetic ganglia in the head receive cells 
not only from the sensory ganglion of the tri- 
geminal nerve, but also from the geniculate 
ganglion of the facial nerve and the inferior 
ganglion of the glossopharyngeal nerve. 

The origin of the postganglionic neurons 
that synapse with the preganglionic vagal 
fibers is also uncertain. It has been proposed 
that they derive from several sources, in- 
cluding the ganglia of the vagus nerve, and 
from the central nervous system by migrat- 
ing along the vagal trunks. The ganglion cells 
associated with the sacral parasympathetic 
fibers are thought to arise from the neural - 
crest, which forms adjacent to the sacral seg- 
ments of the neural tube. 


Development of the Cranial Nerves 


The development of the olfactory, optic, 
and vestibulocochlear nerves is described in 
more detail in Chapter 13. The pattern of 
development of the other cranial nerves is 
quite similar to that of the spinal nerves. The 
cranial sensory or afferent nerves are de- 
rived from cells in the ganglion rudiments of 
the neural crest. Evidence from research in 
lower animal forms also indicates that ecto- 
dermal thickenings that overlie the ganglia 
make some contribution to the formation of 
the sensory ganglia of the trigeminal, facial, 
glossopharyngeal, and vagus nerves. These 
have been called epibranchial placodes. The 
central processes of these ganglion cells 
grow into the brain and form the sensory 
elements in the roots of the nerves, while the 
peripheral processes extend distally to their 
sensory fields of distribution. In considering 
the development of the medulla oblongata, it 
appears that the tractus solitarius (Fig. 11-10) 
is derived from the fibers that grow inward 
from the ganglion rudiments of the glosso- 
pharyngeal and vagus nerves, and that it is 
the homologue of the oval bundle in the 
cord, which has its origin in the dorsal nerve 
roots. During the development of the bulbar 
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Fic. 11 24 Reconstruction of the nervous system in a 10-mm human embryo during the fifth prenatal week (from the 
studies of G. L. Streeter). Note the developing cranial and spinal nerves. (Taken from B. M. Patten, Human Embryol- 


ogy, 3rd ed., McGraw-Hill, New York, 1968.) 


part of the accessory nerve and the hypo- 
glossal nerve, strands of ganglion cells ex- 
tend along the rootlets of these cranial 
nerves. These are derived from an embry- 
onic sensory ganglion, known as Froriep’s* 
ganglion, which develops between the jugu- 
lar ganglion of the vagus and the first cervi- 
cal ganglion (Fig. 11-24). Most of Froriep's 
ganglion disappears in the adult, although 
occasionally ganglion cells can be observed 


August von Froriep (1849-1917): A German anatomist. 


along the course of the accessory and hypo- 
glossal nerves. 

The motor or efferent components of the 
cranial nerves arise as outgrowths of the 
neuroblasts that are situated in the basal 
laminae of the midbrain and hindbrain. In 
contrast to the spinal motor nerve rootlets 
that develop from the basal lamina in single 
sets at each segmental level, the motor root- 
lets of the cranial nerves form two sets as 
they emerge from the brainstem. One group 
of rootlets develops from the medial and the 
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Fic. 11-25. Four stages in the development of the brain and cranial nerves (adapted from various sources, but 
principally from the studies of G. L. Streeter). A, 20-somite stage (about three and one-half weeks); B, 4-mm stage 
(about four weeks); C, 8-mm stage (about four and one-half weeks); D, 17-mm stage (about six and one-half weeks). The 
cranial nerves are indicated by the appropriate Roman numerals. Abbreviations: Hy., hyoid arch; Md., mandibular 
arch. (Taken from B. M. Patten, Human Embryology, 2nd ed., McGraw-Hill, New York, 1953.) 


other from the lateral parts of the basal lam- 
ina. From the medial part of the basal lamina 
develop the somatic efferent fibers of the 
oculomotor, trochlear, abducent, and hypo- 
glossal nerves that supply the striated mus- 
culature formed from the somites (Fig. 11- 
24). The lateral part of the basal lamina 
forms the accessory nerve and the branchial 
motor fibers of the trigeminal, facial, glosso- 
pharyngeal and vagus nerves that supply the 
voluntary musculature formed from the 
branchial arches (Figs. 11-24; 11-25). 


Gross Anatomy of the Central 
Nervous System 


The central nervous system, divided for 
convenience of description into the spinal 
cord (or medulla spinalis) and brain (or en- 
cephalon), is a single, continuous organ sys- 
tem from which also are derived the 12 pairs 
of cranial nerves and the 31 pairs of spinal 
nerves (Fig. 11-26). The cranial and spinal 


nerves, along with their ganglia and those of 
the autonomic nervous system, constitute 
the peripheral nervous system. The central 
nervous system functions to integrate infor- 
mation that it receives from the environment 
by way of receptors and the sensory nerves. 
Its reactions are transmitted to the effectors 
through the motor nerves. 

The spinal cord and brain are composed 
of groups of neuron cell bodies, which to- 
gether with their dendritic processes form 
the gray substance. Elongated processes, fre- 
quently myelinated and extending from the 
nerve cells, collect in bundles to form the 
white substance and the tracts. Enmeshed 
among the neurons and the processes are 
large numbers of neuroglial cells and capil- 
laries that maintain the appropriate chemi- 
cal environment and provide the nutrients 
necessary for proper neuronal metabolism. 

Because the internal neuroanatomy of the 
central nervous system is a subject more 
appropriately handled in specialized text- 
books and taught as a discipline separate 
from gross anatomy, most of the remainder 
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FiG 11-26 The dorsal aspect of the spinal cord exposed within the vertebral canal. The spinous processes and the 
laminae of the vertebrae have been removed and the dura mater has been opened longitudinally. (Redrawn after 


Sobotta.) 


of this chapter deals with the external and — sions when it will lead to a better under- 
gross anatomy of the spinal cord and brain. — standing or description of the external form. 
Reference is made to the internal anatomy of The principal subdivisions of the central 
the central nervous system on those occa- nervous system include the spinal cord, 
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rhombencephalon (hindbrain), mesencepha- 
lon (midbrain), and prosencephalon (fore- 
brain). The rhombencephalon consists of the 
myelencephalon (medulla oblongata) and 
the metencephalon (pons and cerebellum), 
while the prosencephalon includes the dien- 
cephalon (thalamus and hypothalamus) and 
telencephalon (cerebral hemispheres). 


SPINAL CORD 


The spinal cord (medulla spinalis) is the 
elongated, nearly cylindrical part of the cen- 
tral nervous system that lies within most of 
the vertebral canal (Fig. 11-26). The diameter 
of the spinal cord in the midthoracic region 
is about 1 cm, but it is significantly greater at 
the lower cervical and midlumbar levels. Its 
average length in the male is about 45 cm, 
and in the female, from 42 to 43 cm, while its 
weight amounts to about 30 gm. The spinal 
cord extends from the upper border of the 
atlas, where it is continuous through the fo- 
ramen magnum with the medulla oblongata 
of the brain stem, to the lower border of the 
first or upper border of the second lumbar 
vertebra, where it tapers to a point, forming 
the conus medullaris (Figs. 11-27; 11-30). 

The position of the spinal cord varies 
somewhat with the movements of the verte- 
bral column, being drawn upward slightly 
when the column is flexed. The degree to 
which the spinal cord fills the vertebral col- 
umn also varies at different periods of life. 
Until the third prenatal month the spinal 
cord is as long as the vertebral column, but 
from this stage onward the vertebral column 
elongates more rapidly than the spinal cord. 
By the end of the fifth prenatal month, the 
spinal cord terminates at the base of the sac- 
rum, and at birth it ends at about the third 
lumbar vertebra. It gradually recedes during 
childhood until it reaches the adult position 
(Fig. 11-5). Surrounding the spinal cord are 
three protective membranes called menin- 
ges—the dura mater, the arachnoid, and 
the pia mater (Figs. 11-29; 11-31). Between 
the latter two is found the cerebrospinal 
fluid. These membranes are described more 
completely elsewhere in this chapter. 

The filum terminale is a delicate filament 
that continues down the vertebral canal 
from the apex of the conus medullaris to the 
first segment of the coccyx (Figs. 11-26; 11- 
27; 11-30). It is approximately 20 cm in 
length. Its upper 15 cm, contained within the 
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Fig. 11-27. The cauda equina of the spinal cord show- 
ing the conus medullaris, the filum terminale internum, 
and the filum terminale externum. (From Benninghoff 
and Goerttler, Lehrbuch der Anatomie des Menschen, 
Vol. 3, 9th ed., Urban and Schwarzenberg, Munich, 1975.) 


tubular sheath of the dura mater and sur- 
rounded by the nerves of the cauda equina, 
is called the filum terminale internum. The 
lower part, the filum terminale externum, is 
closely invested by the dura mater to which 
it adheres. Extending beyond the apex of the 
sheath, it finally attaches to the dorsal part of 
the first coccygeal segment (Fig. 11-27). The 
filum consists mainly of fibrous tissue con- 
tinuous with the pia mater. A few nerve fi- 
bers adherent to the outer surface probably 
represent rudimentary second and third coc- 
cygeal nerves. The central canal of the spi- 
nal cord continues down into the filum for 5 
or 6 cm. 
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Relationships and Form of the Spinal Cord 


VERTEBRAL COLUMN AND CAUDA EQUINA. It 
was just stated that the neural substance of 
the adult spinal cord does not occupy the 
entire length of the vertebral canal, as was 
the case during the third month of prenatal 
development, because the vertebral column 
grows at a faster pace than the spinal cord. 
Because the cord is continuous with the de- 
veloping brain, and thereby firmly anchored 
rostrally, this differential growth pattern 
causes the spinal cord to be drawn upward 
in the vertebral canal. There results a great 
intravertebral lengthening of the lumbar and 
sacral nerve roots because they still emerge 
from the vertebral column through their seg- 
mentally appropriate intervertebral foram- 
ina below (Fig. 11-28). These caudally placed 
nerve roots are directed in a progressively 
more oblique manner, so that they pass al- 
most vertically downward within the dura 
mater for some distance before reaching 
their foramina of exit. The resulting collec- 
tion of rootlets beyond the termination of 
the neural substance of the cord is called the 
cauda equina (Figs. 11-26 to 11-28). 

EPIDURAL SPACE. The dimensions of the 
vertebral canal within the spinal column are 
considerably greater than the diameter of 
the enclosed spinal cord and its meningeal 
coverings. This permits the required move- 
ments of the cord during flexion and exten- 
sion of the vertebral column without a re- 
sultant spinal contusion or compression. 
Between the bony inner wall of the vertebral 
canal and the outer surface of the dura mater 
is found the epidural space, and this is 
loosely packed with strands of epidural 
fat. Closely adhering to the wall of the verte- 
bral canal are the internal vertebral venous 
plexuses. Additionally, fine dorsal and ven- 
tral epidural branches of the spinal arteries 
ramify within the epidural fat to supply the 
vertebrae and the external surface of the spi- 
nal dura mater. 

ENLARGEMENTS OF THE CORD. The spinal 
cord is slightly flattened dorsoventrally and 
its diameter is increased by enlargements in 
two regions: cervical and lumbar (Fig. 11-30). 
The cervical enlargement extends from 
about the fifth cervical to the second tho- 
racic vertebra, its maximum circumference 
(about 38 mm) being at the level of the sixth 
pair of cervical nerves. It corresponds to the 
origin of the large nerves that supply the 
upper limbs. The lumbar enlargement be- 





Fic. 11-28. Diagram showing the relationship of the 
spinal cord segments and the level of emergence of the 
spinal nerves to the bodies and spinous processes of the 
vertebrae. (From W. Haymaker and B. Woodhall. Pe- 
ripheral Nerve Injuries, 2nd ed., W. B. Saunders. Phila- 
delphia, 1953.) 
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Fig. 11-29. The dura mater has been opened to reveal 
the dorsal aspect of the spinal cord. Note that the thin 
arachnoid membrane has been left intact in the upper 
part of the exposure. (From P. Thorek, Anotomy in Sur- 
gery, 2nd ed., J. B. Lippincott, Philadelphia, 1962.) 


gins at the level of the ninth thoracic verte- 
bra and reaches its maximum circumference 
(about 33 mm) opposite the last thoracic ver- 
tebra, after which it tapers rapidly into the 
conus medullaris. These vertebral levels cor- 
respond to the sites of attachment of nerve 
roots that extend from the first lumbar to the 
third sacral segment. From these segments 
arise the nerves that supply the lower limb. 

FISSURES AND Sutc!. After removal of the 
meningeal coverings, especially the pia 
mater, the surface of the spinal cord is 
marked by several longitudinal furrows. 
Two of these, the anterior median fissure 
and the posterior median sulcus, nearly di- 
vide the spinal cord longitudinally into sym- 
metrical right and left halves. The two sides 
of the cord remain interconnected, however, 
by commissural bands of gray and white 
matter. Within the gray commissural bands 
is located the central canal. The dorsal sur- 
face of the cord also shows a posterolateral 
sulcus, as well as a posterior intermediate 
sulcus (Figs. 11-30 to 11-32). 
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Anterior Median Fissure. The anterior 
median fissure traverses the entire extent of 
the anterior surface of the spinal cord along 
its midline (Figs. 11-30 to 11-32). It penetrates 
an average depth of about 3 mm, being 
somewhat deeper more caudally. It contains 
adjacent folds of pia mater and the floor of 
the fissure is formed by a band of trans- 
versely crossing white fibers, the ventral 
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Fic. 11-30. Anterior and posterior diagrams of the spi- 
nal cord. 
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Fig. 11-31. The dorsal aspect of the spinal cord. In the lower region the dura mater is intact, while in the upper region 
all of the meningeal coverings have been removed. (After Sobotta.) 


_ white commissure. This commissure is per- 
forated by branches of the anterior spinal 
vessels, which serve the central part of the 
spinal cord. 

Posterior Median Sulcus. The posterior 
median sulcus is a shallow groove from 
which a thin sheet of neuroglial tissue, the 
posterior median septum, penetrates more 
than half way into the substance of the cord, 
effectively separating the dorsal portion into 
right and left halves (Fig. 11-32). This septum 
varies in depth from 4 to 6 mm, but dimin- 


ishes considerably in the lower part of the 
spinal cord. 

Posterolateral Sulcus. The posterolateral 
sulcus is a longitudinal furrow located on 
each side of the posterior median sulcus 
along the line of attachment of the dorsal 
roots of the spinal nerves (Figs. 11-30; 11-32). 
Between the posterolateral sulcus and the 
posterior median sulcus on each side is 
found the posterior funiculus. Together the 
posterior funiculi are frequently called the 
posterior white columns of the spinal cord. 
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Fic. 11-32. Transverse section of the spinal cord in the midthoracic region. 


Posterior Intermediate Sulcus. The poste- 
rior intermediate sulcus is a groove found in 
the upper thoracic and cervical regions of 
the spinal cord and interposed between the 
posterior median sulcus and the posterolat- 
eral sulcus along the posterior funiculus 
(Figs. 11-30; 11-32). It marks the line of sepa- 
ration between two ascending large tracts of 
white nerve fibers, the more medially lo- 
cated fasciculus gracilis, and the fasciculus 
cuneatus found more laterally. 

Another less prominent groove, the anter- 
olateral sulcus, is sometimes described as 
being in relationship to the emerging ventral 
roots (Figs. 11-30; 11-32). The relationship is 
frequently indistinct, however, because the 
ventral rootlets arise in bundles and not ina 
linear series and they emerge over an area of 
some slight width. The white matter of the 
spinal cord between the posterolateral sul- 
cus and the anterior median fissure is di- 
vided into a lateral funiculus and an anterior 
funiculus by the ventral roots (Fig. 11-32). In 
the upper part of the cervical spinal cord, in 
addition to the dorsal and ventral roots, a 
series of nerve roots passes outward through 
the lateral funiculus. These unite to form the 
spinal portion of the accessory nerve (X]), 
which ascends through the foramen mag- 
num to enter the cranial cavity. There it con- 
tributes the motor fibers of the eleventh 


cranial nerve that supply the sternocleido- 
mastoid and trapezius muscles. 

SEGMENTS OF THE SPINALCORD. Thirty-one 
pairs of spinal nerves originate from the spi- 
nal cord, each with a ventral (or anterior) 
root and a dorsal (or posterior) root. The 
pairs are grouped as follows: 8 cervical, 12 
thoracic, 5 lumbar, 5 sacral, and 1 coccygeal 
(Fig. 11-28). The cord itself also is divided for 
convenience of description into cervical, 
thoracic, lumbar, and sacral regions to corre- 
spond with the nerve roots. It is customary 
also to speak of the part of the cord giving 
rise to each pair of nerves as a spinal seg- 
ment or neuromere, although the distin- 
guishing marks, except for the roots, are not 
retained after embryonic life. Arbitrarily 
defined, each spinal segment is considered to 
extend from the uppermost filament of one 
root to the uppermost filament of the next 
root. The segments vary in their extent along 
the cord; in the cervical region they average 
13 mm and in the midthoracic region, 26 
mm, whereas their length diminishes rapidly 
in the lumbar and sacral regions from 
15 to 4 mm. 

SPINAL NERVE ROOTS. Each spinal nerve 
has two roots: a dorsal (or posterior) root, 
also called the sensory root because its fibers 
transmit impulses to the cord, and a ventral 
(or anterior) root, also called the motor root 


964 


because its fibers carry impulses outward 
from the cord to muscles and other struc- 
Hures.; 

Dorsal (Posterior) Roots. The dorsal roots 
are attached in linear series along the poster- 
olateral sulcus of the cord, and each segmen- 
tal root consists of six or eight rootlets (fila 
radicularia) (Fig. 11-31). They contain the 
central processes of spinal ganglion cells 
whose peripheral processes extend outward 
to the sensory endings in the skin, muscles, 
tendons, and viscera. The rootlets are di- 
vided into two groups as they enter the cord: 
a medial bundle containing mainly large 
myelinated fibers and a lateral bundle con- 
taining finely myelinated and unmyelinated 
fibers. Arising from the spinal ganglion cells, 
the roots are accompanied by delicate radic- 
ular branches of the spinal arteries and 
veins. Within the vertebral canal, the dorsal 
roots penetrate the dura mater and the un- 
derlying arachnoid membrane and then course 
for varying distances, depending on their seg- 
mental level, within the subarachnoid space 
before entering the spinal cord at the root-cord 
junction. 

Ventral (Anterior) Roots. The ventral 
roots emerge from the spinal cord in two or 
three irregular rows of rootlets spread over a 
strip about 2 or 3 mm wide. Like the dorsal 
roots, the ventral roots are usually accompa- 
nied by branches of the spinal vessels. They 
course within the subarachnoid space prior 
to becoming surrounded by the tubular pro- 
longations of the dura mater and arachnoid, 
which encase the spinal nerves and the dor- 
sal root ganglia at the intervertebral foram- 
ina. The ventral roots join the dorsal roots to 
form the mixed spinal nerve at each segmen- 
tal level. The ventral roots contain the axons 
of the cells in the anterior and lateral cell 
columns of the central gray matter of the 
cord. 


Arteria! Blood Supply of the Spinal Cord 


The basic pattern of the arterial blood 
supply to the spinal cord consists of three 
longitudinally coursing vessels that arise 
just rostral to the cervical region of the cord 
and descend on its surface as far as the 
conus medullaris, and numerous feeder ar- 
teries and radicular vessels that gain en- 
trance to the vertebral canal segmentally by 
coursing through the intervertebral foram- 
ina with the spinal nerves (Figs. 11-33 to 11- 


36). Anastomoses between the longitudinally 
oriented and the segmentally derived vessels 
occur on the surface of the spinal cord and 
result in the formation of a rich vascular 
plexus from which medullary vessels pene- 
trate the substance of the cord to reach both 
the white and gray matter. Vessels that pene- 
trate the spinal cord substance are thought, 
for the most part, to be end arteries and, 
therefore, they do not anastomose further. 
Although there is significant variation with 
respect to the segmental levels at which the 
feeder vessels enter the vertebral canal, 
there is a general consistency in the overall 
vascular pattern, namely, that longitudinally 
oriented vessels descending from above are 
supplemented by branches from the medi- 
ally coursing spinal arteries at varying seg- 
mental levels. 


LONGITUDINAL ARTERIES SUPPLYING 
THE SPINAL CORD 


There are usually three longitudinally ori- 
ented spinal arteries. These are a single ante- 
rior spinal artery, which descends in the an- 
terior median fissure, and two _ posterior 
spinal arteries, which descend along or near 
the posterolateral sulci of the spinal cord 
(Figs. 11-33 to 11-36). 

ANTERIOR SPINAL ARTERY. The anterior spi- 
nal artery is sometimes called the anterior 
median longitudinal artery of the spinal 
cord. It usually forms rostrally from the 
junction of two anterior spinal branches, 
one derived from each of the two vertebral 
arteries (Figs. 11-33; 11-34). The union of 
these two vessels generally occurs intracra- 
nially at or near the midline on the anterior 
aspect of the medulla oblongata at about the 
level of the olivary nuclei. From this site, the 
anterior spinal artery descends without in- 
terruption to the tip of the conus medullaris, 
lying just ventral to the anterior median fis- 
sure. Slightly dorsal and to one side of the 
artery courses the anterior median longitudi- 
nal venous trunk of the spinal cord (Suh and 
Alexander, 1939). Frequently the anterior 
spinal artery is duplicated in the cervical 
cord region because of an incomplete fusion 
of its two fetal precursors (Aminoff, 1976). 
Occasionally, one of the paired vertebral 
branches is much smaller or even absent, 
and at other times two or more very slender 
spinal vessels may branch from one of the 
vertebral arteries to unite with a large 
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Diagrammatic representation of the anterior spinal artery. Note that the anterior feeder vessels are 


derived from the intercostal and vertebral arteries, as well as from spinal branches from vessels coming off the 


thyrocervical and costocervical trunks. Rostrally, the anterior spinal artery is formed from anterior spinal branches 
derived from each vertebral artery. (After Sobotta.) 
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FtG. 11-34. The vascular pattern of the anterior spinal artery and the anterior medullary feeder arteries in three adult 


human specimens. The numbers within the figure indicate 


the approximate diameters of the different vessels in 


micrometers. V.A., vertebral artery; S.I., superior intercostal artery. (From G. F. Dommisse, The Arteries and Veins of 
the Human Spinal Cord from Birth, Churchill-Livingstone, Edinburgh, 1975.) 


branch from the other side (Tveten, 1976). 
Along its course the anterior spinal artery 
varies considerably in its diameter, but its 
caliber is consistently larger in the cervical 
and lower thoracic regions. Along the mid- 
portion of the thoracic spinal cord (i.e., be- 
tween T3 and T9), the vessel is quite slender 
(0.35 to 0.50 mm), and this region of the cord 
has been considered a vulnerable zone with 


respect to its circulation (Dommisse, 1975). 
At the conus medullaris and along the filum 
terminale, the anterior spinal artery is re- 
duced in size to a tiny vessel that frequently 
communicates by anastomotic branches 
with the posterior longitudinal arteries. 
The anterior spinal artery is reinforced at 
a number of segmental levels by feeder arte- 
rial branches from the segmental arteries 
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FiG. 11-35. The arterial blood supply of the spinal cord is derived from anterior and posterior spinal arteries, which 


usually branch from the vertebral artery, as well as from radicular and medullary feeder branches coming from 


segmental vessels. (Redrawn after Netter.) 


that enter the vertebral canal, accompanying 
the spinal nerves and their roots (Fig. 11-34). 
The largest of these feeder vessels invariably 
increases the diameter of the anterior spinal 
artery beyond its point of junction. 
POSTERIOR SPINAL ARTERIES. The two 
posterior spinal arteries are sometimes 
called the paired posterolateral longitudinal 
arterial trunks of the spinal cord. On each 
side the vessel usually originates directly 
from the intracranial part of the vertebral 


artery, somewhat lower than the origins of 
the branches that unite to form the anterior 
spinal artery (Figs. 11-35; 11-36). At times the 
posterior spinal arteries do not arise directly 
from the vertebral arteries, but from their 
posterior inferior cerebellar branches in- 
stead. Each vessel descends on the posterior 
surface of the spinal cord along the postero- 
lateral sulcus in close relationship to the line 
of entrance of the dorsal roots. They are 
smaller in diameter and more irregular than 
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Fic 11 36. The vascular pattern of the posterior spinal arteries and the posterior medullary feeder arteries in three 
human specimens (15 months, 22 years, 15 years). The numbers within the figures indicate the approximate diameters 
of the different vessels in micrometers. V.A., vertebral artery; D.C., deep cervical artery; S.I., superior intereostal 
artery. (From G. F. Dommisse, The Arteries and Veins of the Human Spinal Cord from Birth, Churchill-Livingstone, 


Edinburgh, 1975.) 


the anterior spinal artery and communicate 
by many anastomosing channels with in- 
coming segmental arteries and across the 
midline with each other. To some extent the 
pattern thus formed resembles an embry- 
onic plexus, but usually the longitudinal 
continuity of the vessels can be discerned 
throughout the length of the cord (see Fig. 


11-37). Along the conus medullaris, the pos- 
terior spinal arteries communicate freely 
with branches from the anterior spinal ar- 
tery to form what is frequently called the 
cruciate anastomosis of the conus medul- 
laris. Throughout its course, each posterior 
spinal artery gives off branches that pene- 
trate the cord to supply the white matter of 





ee 11-37. A posterior view of the cervical spinal cord 
showing an arterial injection of the posterior spinal ar- 
teries, certain radicular arteries, several larger vessels 
along the roots which are posterior medullary feeder ar- 
teries, and the anastomotic network of the dorsal cord. 
(Maillot and Koritke, 1970.) 


the posterior columns, the dorsal gray mat- 
ter, and the superficial dorsal aspect of the 
lateral columns. 


SEGMENTAL ARTERIES SUPPLYING 
THE SPINAL CORD 


The spinal cord receives segmental ar- 
teries bilaterally at every intervertebral level 
and these vessels enter the spinal canal by 
way of the intervertebral foramina. In the 
upper three to five cervical segments, they 
are medially coursing branches of the verte- 
bral artery, whereas in the lower cervical 
region, they may be derived from the as- 
cending cervical branch of the inferior thy- 
roid artery or from the deep cervical branch 
of the costocervical trunk (Fig. 11-35). In the 
thoracic region, the segmental vessels sup- 
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plying the spinal cord come from the poste- 
rior intercostal arteries, which stem directly 
from the posterior aspect of the thoracic 
aorta. In the /Jumbar region, they branch 
from the lumbar arteries, while the segmen- 
tal arteries supplying the sacral region usu- 
ally stem from the lateral sacral arteries or, 
less commonly, from the middle sacral ar- 
tery (Gillilan, 1958). 

RADICULAR AND MEDULLARY FEEDER 
BRANCHES OF THE SEGMENTAL ARTERIES. As 
they enter the intervertebral foramina, the 
segmental spinal arteries at every level give 
rise to the true dorsal and ventral radicular 
branches, which course with and supply the 
dorsal and ventral roots. Additionally, at 
certain of the vertebral levels, medullary 
feeder branches arise from the segmental 
spinal arteries to join the anterior and pos- 
terolateral longitudinally coursing spinal 
arteries (Figs. 11-34 to 11-38). These reinforce 
the circulation descending from above and 
are most important in maintaining an appro- 
priate level of blood supply to the cord. The 
medullary feeder arteries vary both in num- 
ber and in the levels at which they arise in 
different individuals. 

Anterior Medullary Feeder Arteries. There 
is an average total of eight anterior medul- 
lary feeder arteries (both sides included in 
the total) that enter the vertebral canal seg- 
mentally to join the anterior (longitudinal) 
spinal artery (Fig. 11-34); however, the num- 
ber varies from 2 to 17 in different individu- 
als (Dommisse, 1975). Their diameter varies 
from 0.2 to 0.8 mm. One especially large (1.0 
to 1.3mm) and important vessel, the great 
anterior medullary artery (or artery of 
Adamkiewicz!), which reinforces the circu- 
lation to the lumbar enlargement, usually 
enters the vertebral canal at the lower tho- 
racic or upper lumbar level. This vessel, 
however, has been observed to enter as high 
as the seventh thoracic and as low as the 
fourth lumbar level. It is a unilateral artery 
and in 77% of the specimens studied it en- 
tered the spinal cord from the left side 
(Dommisse, 1975). 

Three anterior medullary feeder arteries 
(range one to six) join the ventral spinal ar- 
tery in the cervical region. The largest of 
these is most frequently at the fifth or sixth 


1Albert Adamkiewicz (1850-1921): A Polish experimen- 
tal pathologist (Krakow). 
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Fic. 11-38. Diagram of the arterial vascular pattern of a spinal cord segment. Note the difference between the 
medullary feeder branches and the radicular branches of the segmental spinal arteries. (From W. F. Windle, ed., The 
Spinal Cord and Its Reaction to Injury, Marcel Dekker, New York, 1980.) 


cervical level. The thoracic region receives 
an average of three feeder arteries (range 
one to five), and the lumbar spinal cord, an 
average of two feeder vessels. 

Posterior Medullary Feeder Arteries. The 
posterior medullary feeder arteries are 
smaller in diameter but more numerous and 
more evenly distributed than the anterior 
(Fig. 11-36). In the series of dissections re- 
ported by Dommisse (1975), the average total 
of posterior feeder arteries observed (both 
sides included) was 12, with a range from 6 
to 25. Gillilan (1958) reported a range of 10 to 
20 vessels, while Tveten (1976) found a range 
of 14 to 25. Thus, in the cervical region, an 
average number of three posterior medul- 
lary feeder arteries can be expected, with 
the highest incidence of vessels found at ver- 
tebral levels C6 to C8. An average of five 
posterior feeder vessels has been found be- 
tween spinal segments T2 to T9, and four 
vessels between T10 and S5. The diameter of 
the posterior medullary feeder arteries 
ranges from 0.05 to 0.35 mm. 


INTRAMEDULLARY ARTERIES OF THE SPINAL CORD 


Most of the gray and white substance of 
the spinal cord receives arterial blood by 
way of branches from the anterior and pos- 
terior spinal arteries. A small amount of the 
parenchyma of the cord, however, is sup- 
plied by the five radicular branches of the 
segmental spinal arteries that course inti- 
mately with the dorsal and ventral roots. 
some of these latter vessels penetrate the 
surface of the cord and accompany the roots 
through the root-cord junction (Figs. 11-38; 
11-39). 

INTRAMEDULLARY BRANCHES FROM THE ANTE- 
RIOR SPINAL ARTERY. The anterior spinal ar- 
tery gives rise to many short and straight 
branches that frequently stem at right angles 
to the main trunk and course posteriorly 
through the anterior median fissure to reach 
the anterior commissural region of the spi- 
nal cord. These are called sulcal (or central) 
arteries, and most arise singly (Fig. 11-38). 
Reaching the cord at the depth of the fissure, 
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Fic. 11-39. Diagram of a cross section of the spinal 
cord showing the regions supplied by the various intra- 
medullary arteries. A, Region of distribution of the sulcal 
(central) artery; D, region supplied by the penetrating 
arteries from the lateral and ventral pial plexus; ad,the 
region that may be supplied by either the sulcal artery or 
the lateral and ventral penetrating arteries; B, the region 
supplied by the penetrating arteries from the posterior 
plexus; ab, the region that may be supplied by either the 
sulcal or the posterior penetrating arteries. (L. A. 
Gillilan, 1958.) 


each sulcal artery turns to the left or right 
but does not bifurcate to supply both sides. 
Successive sulcal arteries frequently turn 
alternately, but occasionally consecutive 
vessels turn to the same side. The number of 
sulcal arteries supplying each segment var- 
ies from five to nine, being more numerous 
in those segments that form the spinal cord 
enlargements. Counts ranging from 184 to 
228 sulcal arteries (average 210) for all 31 
segments of the cord have been reported 
(Tvetan, 1976). 

In addition to the sulcal branches, the an- 
terior spinal artery gives rise to a number of 
delicate coronal arteries, which course later- 
ally around the outer surface of the cord 
(Fig. 11-38). They help to form a superficial 
pial plexus and they anastomose with each 
other and with superficial branches from the 
posterior spinal arteries. From the coronal 
arteries and the pial plexus, penetrating 
branches enter the white matter of the ven- 
tral and lateral columns. 

The sulcal arteries and the penetrating 
branches from the coronal arteries together 
supply the anterior two-thirds of the spinal 
cord (Fig. 11-39). The anterior gray column, 
the base of the posterior gray column, and 
the deeper portions of the white matter in 
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the anterior and lateral columns are sup- 
plied by sulcal vessels, while the more su- 
perficial regions of white substance are sup- 
plied by branches from the coronal vessels 
and the surface pial plexus. 

INTRAMEDULLARY BRANCHES FROM THE POS- 
TERIOR SPINAL ARTERIES. The two posterior 
spinal arteries, coursing in the posterolateral 
sulci, give off penetrating branches that sup- 
ply the posterior one-third of the spinal cord 
(Fig. 11-39). At each level, some of these ves- 
sels accompany the fibers of the dorsal roots 
into the posterior gray substance of the dor- 
sal horn. Entering the spinal cord, they 
branch at an acute angle and quickly subdi- 
vide into precapillary and capillary vessels 
(Gillilan, 1958). Other branches from the 
posterior spinal artery are directed medially 
on the surface of the cord, and from these 
vessels stem small penetrating arteries that 
supply the white matter of the posterior col- 
umn on each side. Some of these vessels 
enter the cord directly on its posterior sur- 
face, while others enter the posterior median 
sulcus to penetrate the posterior columns 
medially. 

Although there may be some anatomic 
continuity between a few capillaries derived 
from the anterior spinal artery and those 
derived from the posterior spinal artery, the 
intramedullary branches from these vessels 
do not form significant functional anastomo- 
ses. During life, their “functional distribu- 
tion is as if they were end arteries” (Gillilan, 
1958). 

RADICULAR ARTERIES. Many authors pre- 
sent a confusing description of the radicular 
arteries because they do not differentiate 
between the anterior and posterior medul- 
lary feeder branches and the true dorsal and 
ventral radicular branches, all of which stem 
from the segmentally derived spinal vessels 
after the latter have entered the interverte- 
bral foramina. The true radicular arteries, 
which nourish the nerve roots, are found at 
every level and on both sides of the cord 
(Fig. 11-38). At times some of these vessels 
achieve the root-cord junction and penetrate 
the spinal cord to assist in the supply of the 
most superficial parts of the gray matter in 
both the dorsal and ventral horns. 


Venous Drainage of the Spinal Cord 


The veins that drain the spinal cord pa- 
renchyma are described as two principal 
groups: the intramedullary veins, which 
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form from the intrinsic capillaries of the spi- 
nal cord, and the intradurally located sur- 
face veins of the spinal cord, which receive 
the intramedullary veins and drain extra- 
durally into veins in the neck, thorax, abdo- 
men, pelvis, and spinal column, as well as 
the communicating venous sinuses of the 
cranial cavity. In general, the veins of the 
spinal cord follow a pattern consistent with 
that of the spinal arteries, but a number of 
differences exist. The veins of the spinal 
cord should not be confused with the veins 
of the vertebral column. These latter include 
the internal and external vertebral plexuses 
(of Batson'), which are extradural but com- 
municate with the veins that drain the neu- 
ral tissue of the spinal cord on the one hand 
and the systemic veins of the thorax, abdo- 
men, and pelvis, as well as the dural sinuses 
of the skull on the other. 


INTRAMEDULLARY VEINS OF THE SPINAL CORD 


Venous blood from the spinal cord drains 
from within the neural tissue to the more 
superficial channels located on the surface 
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of the cord by means of an anterior median 
group of sulcal (or central) veins, which 
opens into the longitudinally coursing ante- 
rior median vein, and by a radial group of 
veins, which arises from the periphery of the 
gray matter or from the white matter and 
courses radially toward the superficial coro- 
nal plexus of veins in the pia mater (Fig. 11- 
40) (Gillilan, 1970). 

SULCAL (OR CENTRAL) VEINS. Each sulcal 
(or central) vein is formed by the confluence 
of several venules just deep to the anterior 
median sulcus (fissure) within the substance 
of the anterior white commissure (Figs. 11- 
40; 11-41). Their location corresponds to the 
sulcal arteries, but contrary to the unilater- 
ally directed arteries, the sulcal veins re- 
ceive blood from both halves of the cord and 
even anastomose above and below with ven- 
ules that form adjacent sulcal veins. The 
sulcal veins are less numerous and smaller 
than the sulcal arteries, and they open into 
the anterior median spinal vein, which is 


1QOscar V. Batson (1894-1979): An American anatomist at 
the University of Pennsylvania (Philadelphia). 
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Fic 1140. This figure shows the sulcal (central) and radial veins within the spinal cord and their relationship to the 
pial and epidural venous plexuses. Convergence of the intramedullary, radicular, and epidural veins at the interverte- 


bral foramen is shown on the right. (L. A. Gillilan, 1970). 
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FiG. 11-41. Cross section of the spinal cord and vertebral canal showing the spinal veins and the epidurally located 


internal vertebral plexuses of veins. (After Netter.) 


located in the anterior median fissure, 
slightly dorsal to and to one side of the ante- 
rior spinal artery. Within the fissure there 
are also frequent venous .anastomoses. The 





FiG. 11-42. Diagrammatic representation of a cross 
section of the spinal cord showing its venous drainage 
pattern. The posterior half of the cord (stippled) is 
drained by way of radial veins into the coronal plexus 
on the cord surface and then into the posterior medul- 
lary veins. The anterolateral quadrant on each side 
(cross hatching) is drained by radial veins into the ante- 
rior medullary veins, while the anteromedial quadrant 
drains into the sulcal (central) veins, which are tributar- 
ies of the anterior median vein. (L. A. Gillilan, 1970.) 


sulcal veins drain the anterior gray and 
white commissures, the medial cell columns 
of the ventral horns, and the white matter of 
the anterior funiculi (Fig. 11-42) (Gillilan, 
1970). 

RADIAL GROUP OF INTRAMEDULLARY VEINS. 
Arising from capillaries near the peripheral 
aspect of the gray matter or from the white 
matter are many radially oriented intramed- 
ullary veins that are directed outward to- 
ward the surface of the spinal cord, where 
they join the coronal venous plexus of the 
pia mater (Figs. 11-40; 11-41). These radial 
veins are more numerous in the white matter 
of the posterior and lateral funiculi, but they 
are also found in the anterior funiculi. At 
certain cervical and thoracic levels, the ra- 
dial veins are more prominent and drain lat- 
erally from the gray matter of the lateral 
horn, as well as posteriorly from the dorsal 
nucleus of Clarke.! Other radial veins course 
toward the dorsal surface at or near the mid- 
line within the posterior median sulcus. 


‘Jacob A. L. Clarke (1817-1880): An English anatomist 
(London). 
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SURFACE VEINS OF THE SPINAL CORD 


The superficial venous pattern of the spi- 
nal cord is somewhat more complex than the 
arterial pattern, and of the longitudinal 
trunks, only the anterior median spinal vein 
is consistently observed as a continuous ves- 
sel, coursing the entire length of the cord 
(Fig. 11-43). Frequently, anterolateral veins 
can be seen coursing longitudinally just pos- 
terior to the line of emergence of the ventral 
roots. On the posterior surface of the cord, 
the posterior median and posterior interme- 
diate veins generally do not form continuous 
vessels (Fig. 11-43). When identifiable as lon- 
gitudinal trunks, however, these are located 
near the posterior median and posterolateral 
sulci. The venous plexus on the cord surface 
is called the coronal plexus, while anterior 
and posterior medullary veins, which are 
comparable to the medullary feeder arteries, 
as well as the true radicular veins, follow the 
course of the nerve roots. Additionally, the 
great anterior medullary vein can usually be 
seen draining the lumbar enlargement. 

ANTERIOR MEDIAN SPINAL VEIN. The ante- 
rior median spinal vein is usually found as a 
single longitudinally oriented trunk, located 
slightly dorsal to and to one side of the ante- 
rior spinal artery in the region of the anterior 
median fissure (Fig. 11-43). At times it may 
be duplicated, especially in the cervical and 
thoracic regions. Like its corresponding ar- 
tery, the anterior median spinal vein does 
not have a uniform size, and it varies from 
0.2mm to as much as 0.9mm in diameter 
throughout its course. Rostrally, this vein is 
continuous with the venous plexus located 
on the anterior aspect of the medulla oblong- 
ata, while caudally it tapers to form a deli- 
cate vessel along the conus medullaris. In 
addition to receiving the sulcal veins, the 
anterior spinal vein receives small pial ves- 
sels from the anterior and lateral aspects of 
the cord surface that help to form the coro- 
nal plexus. The anterior spinal vein is 
drained laterally on either side at certain 
segmental levels by a group of medullary 
veins that course toward the intervertebral 
foramina with the ventral roots in a manner 
similar to that of the anterior medullary 
feeder arteries. 

ANTEROLATERAL SPINAL VEINS. When pres- 
ent, the anterolateral spinal veins are longi- 
tudinally oriented vessels, Jocated in line 
with but slightly posterior to the ventral 


roots. These veins are best developed along 
the cervical segments, and they receive sur- 
face vessels from the anterior and lateral 
aspect of the cord that help to form the coro- 
nal plexus, as well as radial veins that drain 
the ventrolateral parenchyma of the spinal 
cord (Lazorthes, Gouazé, and Djindjian, 
1973). 

POSTERIOR MEDIAN SPINAL VEIN. The 
posterior median spinal vein is usually an 
incompletely continuous longitudinal vessel 
located within or near the posterior median 
sulcus (Fig. 11-43). Its diameter is more uni- 
form and sometimes larger than that of the 
anterior median spinal vein, and it receives 
surface collateral vessels from the coronal 
venous plexus. It is best developed in the 
cervical region of the cord but becomes 
more delicate and thinner along the thoracic 
segments. Throughout its course the poste- 
rior spinal vein receives radial veins that 
drain the dorsomedial part of the cord. Ros- 
trally, the vein partially drains into the later- 
ally directed posterior medullary vessels of 
the upper cervical segments and partially 
into the plexus of veins on the surface of the 
lower medulla oblongata. Caudally it ex- 
tends to the conus medullaris. 

POSTERIOR INTERMEDIATE SPINAL VEINS. 
Longitudinally oriented posterior intermedi- 
ate spinal veins are sometimes observed 
overlying the posterolateral sulci in a line 
along the sites of entrance of the dorsal 
roots. These vessels frequently course for 
only several segments, join the surface ve- 
nous plexus, and then may become longitu- 
dinally oriented once again. They usually 
receive radial veins that drain the dorsolat- 
eral part of the spinal cord parenchyma. 

ANTERIOR AND POSTERIOR MEDULLARY VEINS. 
The superficial surface veins of the spinal 
cord are drained laterally at certain segmen- 
tal levels by anterior and posterior medul- 
lary veins that course with some of the dor- 
sal and ventral roots but do not drain the 
roots (Fig. 11-40). These veins are compara- 
ble to the medullary feeder arteries and 
should not be confused with the radicular 
veins, even though some authors do not dif- 
ferentiate between the medullary veins, 
which drain the cord, and the radicular 
veins, which drain the roots. The anterior 
and posterior medullary veins are largest 
and most constant at the cervical and lum- 
bar enlargements. 

There are 8 to 14 anterior medullary veins, 
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Fic. 11-43. The anterior (left and middle) and posterior (right) longitudinal surface veins of the human spinal cord. 
Note that anterior and posterior medullary veins, comparable to the medullary feeder arteries, are found at various 
segmental levels coursing as tributaries along certain roots from the longitudinally oriented veins. (From G. F. 
Dommisse, The Arteries and Veins of the Human Spinal Cord from Birth, Churchill-Livingstone, Edinburgh, 1975.) 


which stem from either the anterior median 
spinal vein or from the coronal plexus of 
veins on the anterior and anterolateral cord 
surface. These vessels are visible without 
magnification and frequently arise at seg- 
mental levels that do not have medullary 
feeder arteries. The posterior medullary 
veins are generally more numerous than the 


anterior medullary veins, especially in the 
cervical region (Gillilan, 1970). 

The great anterior medullary vein usually 
arises on the anterior cord surface in the 
lower thoracic or upper lumbar segments. 
This vessel descends in the cauda equina to 
its corresponding intervertebral foramen, 
along one of the anterior roots. A compara- 
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ble great posterior medullary vein is some- 
times observed arising on the posterior sur- 
face of the conus medullaris. It descends 
along one of the posterior roots of the cauda 
equina to its appropriate intervertebral fo- 
ramen. 

RADICULAR VEINS. Delicate anterior and 
posterior radicular veins, which actually 
drain the anterior and posterior roots, can be 
found on both sides of virtually every spinal 
segment. They course toward the interverte- 
bral foramina, along with the fascicles of 
nerve fibers forming the roots. The radicular 
veins are usually microscopic in size; they 
generally arise from the gray matter of the 
dorsal and ventral horns and emerge at the 
spinal cord-root junction. The radicular 
veins sometimes terminate in the venous 
plexus on the cord surface, but more often 
they terminate in the venous plexuses 
within the intervertebral foramina. 


MEDULLA OBLONGATA 


Interconnecting the spinal cord with the 
cerebellum, diencephalon, and cerebral cor- 
tex is the brain stem, which consists of the 
medulla oblongata, pons, and mesencepha- 
lon (Figs. 11-44 to 11-46; 11-53; 11-54). The 
direct upward continuation of the spinal 
cord through the foramen magnum is the 
medulla oblongata, which is itself continu- 
ous rostrally with the pons. Within the 
human skull, the brain stem is positioned 
nearly vertically, and it extends from the 
upper border of the atlas to a plane that in- 
terconnects the jugular tubercles of the oc- 
cipital bone. These limits are somewhat ar- 
bitrary, however, because there is a gradual 
transition in the internal anatomy of the spi- 
nal cord to that of the medulla oblongata at 
the upper border of the first cervical nerve. 
The rearrangement of gray matter and fiber 
- tracts more rostrally within the medulla, or 
bulb as it is commonly known, is such that at 
the level of the decussation of the pyramids, 
or slightly higher at the level of the olive, a 
transverse section of the brain stem is totally 
different from one through the spinal cord. 


External Anatomy of the Medulla Oblongata 


The shape of the medulla oblongata is 
comparable to that of a truncated cone, with 
its smaller end directed inferiorly toward 
the spinal cord and its broader extremity 
directed superiorly toward the pons. Its ap- 


proximate measurements are 3 cm longitudi- 
nally, 2 cm transversely, and 1.25 cm antero- 
posteriorly. The central canal continues 
upward from the spinal cord through its 
lower half, but in its upper half the medulla 
splits open at the dorsal median sulcus, ex- 
panding the canal into the fourth ventricle. 
The medulla oblongata may therefore be 
divided into a lower closed part containing 
the central canal, and an upper open part 
corresponding with the lower portion of the 
fourth ventricle. 


FISSURES AND SULCI 


Similar to the spinal cord, the external 
surface of the medulla oblongata is marked 
by several longitudinally oriented sulci and 
the anterior median fissure (Figs. 11-44; 
11-54). 

ANTERIOR MEDIAN FISSURE. The anterior 
median fissure continues rostrally from the 
spinal cord in the ventral midline along the 
entire length of the medulla oblongata (Fig. 
11-45). The fissure reaches the lower border 
of the pons, where it terminates in a small pit 
called the foramen caecum. In the lower 
medulla just above the spinal cord, the ante- 
rior median fissure becomes indistinct be- 
cause it is crossed by a series of obliquely 
oriented nerve fiber bundles that form the 
decussation of the pyramids (Figs. 11-45; 11- 
47). These fibers constitute the lateral corti- 
cospinal tracts, which descend from the 
medulla oblongata to the spinal cord and 
cross to the opposite side. Somewhat above 
this decussation, delicate anterior external 
arcuate fibers emerge from the anterior me- 
dian fissure and curve laterally and upward 
over the surface of the medulla to join the 
inferior cerebellar peduncle (Fig. 11-47). 

POSTERIOR MEDIAN SULCUS. The posterior 
median sulcus of the medulla oblongata is a 
narrow groove in the dorsal midline that 
represents the continuation rostrally of the 
posterior median sulcus of the spinal cord 
(Figs. 11-44; 11-54). It exists only in the more 
caudal, closed portion of the medulla, be- 
coming more shallow as it ascends. Finally, 
the posterior median sulcus ends at about 
the middle of the medulla, where the central 
canal expands into the cavity of the fourth 
ventricle. 

ANTERIOR LATERAL AND POSTERIOR LATERAL 
SULCI. Jn the medulla oblongata, these sulci 
are the rostral continuation of the anterolat- 
eral and posterolateral sulci of the spinal 
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Fig. 11-44. The dorsal aspect of the upper spinal cord and brain stem, showing the lower eight cranial nerves and the 


upper cervical nerves. 


cord, where they mark the lines of emer- 
gence of the ventral rootlets and the en- 
trance of the dorsal rootlets of the spinal 
nerves (Fig. 11-54). In the medulla, the root- 
lets of the hypoglossal nerve are located in 
linear series with the ventral roots of the spi- 
nal cord, and they emerge from the brain 
stem along the anterior lateral sulcus (Fig. 
11-45). Similarly, the attachments of the ac- 
cessory vagus and glossopharyngeal nerves 
to the medulla oblongata are positioned in 
the depths of the posterior lateral sulcus in a 
line corresponding with the entrance of the 
dorsal roots in the spinal cord. 

Because the anterior median fissure and 
posterior median sulcus, which are located 
in the midline, and the anterior lateral and 
posterior lateral sulci on each side are longi- 
tudinally oriented, the external surface of 
the medulla oblongata is divided into right 
and left anterior, lateral, and posterior re- 


gions. These roughly correspond to the ante- 
rior, lateral, and posterior funiculi of the spi- 
nal cord. Although these three regions 
appear to be directly continuous with the 
corresponding funiculi of the spinal cord, 
they do not necessarily contain the same 
nerve fibers, because some of the tracts from 
the spinal cord end in the medulla while oth- 
ers alter their course as they pass through it. 


ANTERIOR REGION OF THE MEDULLA 


The anterior region of the medulla on each 
side is named the pyramid; it lies between 
the anterior median fissure and the anterior 
lateral sulcus (Fig. 11-45). Its upper end is 
slightly constricted and, at the pontomedul- 
lary junction between the pyramid and the 
pons, the fibers of the abducens nerve 
emerge from the brain stem. Slightly below 
the pons, the pyramid becomes enlarged and 
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Fic. 11-45. The anterior aspect of the brain stem. 


prominent, whereas in the lower medulla it 
tapers into the anterior funiculus of the spi- 
nal cord, with which it falsely appears to be 
directly continuous (Fig. 11-45). 

The two pyramids contain the descending 
motor fibers that course from the cerebral 
cortex to the spinal cord; these are the im- 
portant corticospinal (or pyramidal) fibers 
(Figs. 11-47 to 11-50). When the corticospinal 
fibers are traced downward, it is found that 


nearly 90% leave the pyramids in large, ob- 
liquely interdigitating bundles and cross to 
the other side in the anterior median fissure, 
where they form the decussation of the pyr- 
amids. This decussation almost obscures the 
anterior median fissure. The crossed pyrami- 
dal fibers descend in the posterior part of the 
lateral funiculus of the spinal cord as the lat- 
eral corticospinal tract. Some of the fibers in 
the lateral part of each pyramid that do not 
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cross in the pyramidal decussation descend 
in the lateral funiculus of the spinal cord as 
uncrossed fibers in the lateral corticospinal 
tract, while the remaining descend in the 
anterior funiculus of the spinal cord as the 
uncrossed anterior corticospinal tract. The 
pyramidal fibers that supply the cervical 
enlargement of the spinal cord and, thus, are 
functionally related to the musculature of 
the upper extremity, cross in the more ros- 
tral part of the pyramidal decussation. Those 
that descend to lumbosacral levels of the 
spinal cord, thereby supplying spinal cord 
levels that innervate musculature in the 
lower limbs, cross more caudally in the de- 
cussation. 


LATERAL REGION OF THE MEDULLA 


The lateral region of the medulla oblong- 
ata is bounded in front, or anteriorly, by the 
anterior lateral sulcus, within which emerge 
the roots of the hypoglossal nerve, and be- 
hind, or posteriorly, by the posterior lateral 
sulcus, which contains the roots of the ac- 
cessory, vagus, and glossopharyngeal nerves 
(Fig. 11-45). Its upper part consists of a prom- 
inent oval mass that is named the olive, 
while its lower part is the same width as the 
lateral funiculus of the spinal cord and ap- 
pears on the surface to be a direct continua- 
tion of it (Fig. 11-45). Actually, only a portion 
of the lateral funiculus of the spinal cord is 
continued upward into the lateral region of 
the medulla, because the lateral corticospi- 
nal tract is formed from the pyramidal fibers 
of the opposite side and most of the fibers in 
the posterior spinocerebellar tract course 
into the inferior cerebellar peduncle in the 
posterior region of the medulla oblongata. 
The anterior spinocerebellar tract continues 
superiorly on the lateral surface of the me- 
dulla oblongata in the same relative position 
that it occupies in the spinal cord (Fig. 11- 
47), until it passes under cover of the exter- 
nal arcuate fibers just dorsal to the olive and 
ventral to the roots of the vagus and glosso- 
pharyngeal nerves. This tract then continues 
upward through the pons and winds around 
the dorsolateral edge of the lateral lemnis- 
cus; it enters the cerebellum by traveling 
along the dorsal surface of the superior 
cerebellar peduncle (Figs. 11-48; 11-49). The 
remainder of the lateral funiculus of the spi- 
nal cord consists of the lateral fasciculus 
proprius, which in the medulla dips deep to 
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the olive and disappears from the surface, 
except for a small strand that remains super- 
ficial to the olive. In a depression at the 
upper end of this strand is found the vestibu- 
locochlear nerve. 

THE OLtve. The olive is a prominent oval 
mass, measuring about 1.25 cm long, that is 
situated lateral to the pyramid, from which 
it is separated by the anterior lateral sulcus 
of the medulla oblongata and the rootlets of 
the hypoglossal nerve (Figs. 11-45; 11-48; 11- 
49). Posteriorly, its boundary is formed by 
the posterior lateral sulcus and the attach- 
ments of the glossopharyngeal, vagus, and 
accessory nerves. In a depression between 
the upper end of the olive and the pons are 
the roots of the vestibulocochlear and facial 
nerves. The anterior external arcuate fibers 
are conspicuous on the surface of the me- 
dulla as they wind across the lower part of 
the pyramid and olive to enter the inferior 
cerebellar peduncle. In cross section, the 
neural mass that forms the olive consists of a 
large, irregularly convoluted accumulation 
of gray matter, which includes the principal 
inferior olivary nucleus and both the medial 
and dorsal accessory olivary nuclei (Figs. 
11-48; 11-49). On the surface of the olive are 
delicate bundles of nerve fibers, the anterior 
external arcuate fibers, which leave the an- 
terior median fissure, wind across the lower 
part of the pyramid and olive, and enter the 
inferior cerebellar peduncle. 


POSTERIOR REGION OF THE MEDULLA 


The posterior region of the medulla lies 
behind the posterior lateral sulcus and the 
roots of the accessory, vagus, and glossopha- 
ryngeal nerves; like the lateral region, it is 
divisible into caudal and rostral parts. 

The caudal! part of the posterior region of 
the medulla is bounded behind by the poste- 
rior median sulcus and is the direct continu- 
ation of the posterior funiculus of the spinal 
cord; it consists of the fasciculus gracilis and 
the fasciculus cuneatus (Fig. 11-47). The fas- 
ciculus gracilis is located parallel and adja- 
cent to the posterior median sulcus, and it is 
separated from the fasciculus cuneatus by 
the posterior intermediate sulcus and sep- 
tum, which extend into the medulla from the 
upper cervical cord. The fasciculi gracilis 
and cuneatus are at first oriented vertically, 
but at the caudal extent of the rhomboid 
fossa they diverge from the midline in a V- 
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Fic. 11-46. The dorsal aspect of the brain stem, showing the floor of the fourth ventricle or rhomboid fossa after the 


structures of the roof have been cut or pulled aside. 


shaped manner, and each presents an elon- 
gated enlargement. The swelling on the fas- 
ciculus gracilis is called the tuberculum of 
the nucleus gracilis; it is produced by the 
gray matter of the subjacent nucleus gracilis 
(Figs. 11-46; 11-54). The enlargement on the 
fasciculus cuneatus is called the tuberculum 
of the nucleus cuneatus, which is likewise 
formed by a mass of underlying gray matter, 
the nucleus cuneatus (Fig. 11-54). The nerve 
fibers of these two ascending spinal fasciculi 
terminate on the cells of these two nuclei in 
a pattern that suggests a somatotopic projec- 
tion. A third elevation, called the tubercu- 
‘lum cinereum, is produced by the rostral 
continuation of the substantia gelatinosa, 
and is present in the lower part of the poste- 
rior region of the medulla. It is narrow 
below and gradually expands above to end 
1.25 cm below the pontomedullary junction, 
and it is formed by an accumulation of gray 
matter called the nucleus of the spinal tract 
of the trigeminal nerve. Lying on the lateral 
aspect of the fasciculus cuneatus, it is sepa- 
rated from the surface of the medulla ob- 
longata by a band of nerve fibers that forms 
the spinal tract of the trigeminal nerve. 


The rostral part of the posterior region of 
the medulla oblongata is occupied on each 
side by the inferior cerebellar peduncle 
(sometimes called the restiform body), a 
thick, curved bundle situated between the 
lower part of the fourth ventricle and the 
roots of the glossopharyngeal and vagus 
nerves (Figs. 11-49; 11-50; 11-53). As they as- 
cend, the inferior cerebellar peduncles di- 
verge from each other and help to form the 
lateral boundaries of the fourth ventricle. 
More rostrally they become directed poster- 
omedially, each passing to its corresponding 
cerebellar hemisphere. Near their entrance 
into the cerebellum, the inferior cerebellar 
peduncles are crossed by several strands of 
fibers, called the striae medullares of the 
fourth ventricle, which course to the median 
sulcus of the rhomboid fossa (Figs. 11-46; 
11-54). 

A demonstration of the changes that occur 
in the morphology of the neuraxis through 
the transition from the cervical spinal cord 
to the medulla oblongata is most commonly 
presented in cross sections of the brain stem 
at various bulbar levels. Three such cross 
sections of the medulla are presented in Fig- 


T) 


ures 11-47 to 11-49. These show the lower 
medulla at the level of the decussation of the 
pyramids (Fig. 11-47). the midbulbar region 
across the middle of the olive (Fig. 11-48), 
and the upper medulla near the pontomed- 
ullary junction at the level of the entrance 
of the vestibulocochlear nerve (Fig. 11-49). 


THE PONS 


The pons is continuous above with the 
midbrain, being bounded anteriorly and lat- 
erally from the cerebral peduncles of the 
midbrain by a pronounced sulcus, some- 
times called the superior pontine sulcus. In- 
feriorly, the pons is continuous with the 
medulla oblongata at the pontomedullary 
junction, where anteriorly and laterally an- 
other transverse furrow, frequently called 
the inferior pontine sulcus, marks the brain 
stem and contains the attachments of the 
abducens, facial, and vestibulocochlear cra- 
nial nerves (Figs. 11-44; 11-45; 11-54). 


OORSAL SURFACE OF THE PONS 


The dorsal or posterior surface of the pons 
has a triangular shape and forms the upper 
part of the floor of the rhomboid fossa. The 
overlying cerebellum, which covers much of 
the posterior surface of the brain stem, is 
separated from the dorsal pons by the fourth 
ventricle, the thin pontine roof of which is 
formed by a delicate and thin sheet of white 
matter called the superior medullary velum 
(Figs. 11-46; 11-51 to 11-54). The narrow cen- 
tral canal of the midbrain, called the cere- 
bral aqueduct, opens inferiorly into the cav- 
ity of the fourth ventricle at the upper 
border of the dorsal pons. 


VENTRAL SURFACE OF THE PONS 


The ventral or anterior surface of the pons 
lies against the basilar part of the occipital 
bone as far caudally as its jugular tubercles: 
rostrally, the pons extends along the clivus, 
beyond the spheno-occipital synchondrosis 
almost to the dorsum sellae on the body of 
the sphenoid bone. The ventral pons is cush- 
ioned from the bony skull by a sizable space 
called the cisterna pontis, which contains 
subarachnoid fluid (Fig. 11-52). Anteriorly, 
the pons forms a prominent bulge in the 
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brain stem that is markedly convex from 
side to side, but is less so from above down- 
ward (Fig. 11-45). It consists of transversely 
coursing pontocerebellar fibers that arch 
across the midline and gather on each side 
into a compact mass that forms the middle 
cerebellar peduncle. Superficially, these fi- 
bers give the ventral pons a transversely stri- 
ated appearance. 

Coursing longitudinally along the midline 
of the anterior pons is a shallow groove 
called the basilar sulcus (Fig. 11-45). The 
basilar artery, which lies within the cisterna 
pontis. frequently occupies this sulcus, but 
at times this vessel may curve somewhat and 
course to one or the other side of the groove. 
Several pontine branches (on each side) 
arise from the basilar artery as it ascends 
ventral to the pons. These course laterally, 
adhering closely to the surface of the ventral 
pons and then penetrating the surface to sup- 
ply the pons with arterial blood. At times, 
the labyrinthine artery also arises from the 
basilar artery, ventral to the lower pons, al- 
though frequently these vessels branch from 
the anterior inferior cerebellar arterv. The 
labyrinthine arteries also pass laterally, and 
near the pontomedullary junction, they join 
the facial and vestibulocochlear nerves to 
enter the internal acoustic meatus, eventually 
to supply the inner ear. The basilar sulcus 
is bounded on either side by an eminence 
caused by the descent of the corticospinal fi- 
bers through the substance of the pons. 

The only cranial nerve that is attached to 
the pons is the fifth or trigeminal nerve (Fig. 
11-51), although the abducens, facial, and 
vestibulocochlear nerves attach at the pon- 
tomedullary junction below, and the troch- 
lear nerve emerges from the brain stem op- 
posite the inferior colliculus just above the 
pons in the lower midbrain. The trigeminal 
nerve attaches on the upper lateral aspect of 
the ventral pons on each side just beyond 
the eminences formed by the corticospinal 
tracts. Each trigeminal nerve consists of a 
smaller, more medially and superiorly lo- 
cated motor root, and a much larger, more 
laterally and inferiorly placed sensory root. 
Together the two roots of the trigeminal 
nerve form the largest of all the cranial 
nerves. Vertical lines drawn immediately 
beyond the trigeminal nerves may be taken 
as the boundaries between the ventral sur- 
face of the pons and the middle cerebellar 
peduncle, and frequently the point of attach- 
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Fic. 11-47. Transverse section of medulla oblongata at the decussation of the pyramids. Nuclear groups represented 
diagrammatically in color. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 


ment of the trigeminal nerve to the pons is 
described as the site at which the middle 
cerebellar peduncle arises from the pons. 


STRUCTURE OF THE PONS 


Transverse sections through the pons 
show that it is composed of two parts that 
differ in appearance and structure (Figs. 11- 
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50; 11-51). These are the basilar or ventral 
part of the pons and the dorsally located 
pontine tegmentum. The basilar part con- 
sists largely of fibers arranged in transverse 
and longitudinal bundles, together with 
small groups of nerve cells that constitute 
the nuclei pontis scattered between the 
transverse fibers. The descending bundles of 
longitudinally coursing corticospinal fibers 
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Fig 11-48. Transverse section of medulla oblongata at the middle of the olive. Nuclear groups represented diagram- 
matically in color. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 
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Fic. 11-49. Transverse section through medulla oblongata and cerebellar peduncles at the level of the eighth cranial 
nerve. Nuclear groups represented diagrammatically in color. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 


are more interspersed by the transverse fas- ular formation and gray substance of the 
cicles of pontine fibers in the upper pons, medulla and of important nuclear groups 
whereas they aggregate conspicuously inthe _ related to the cranial nerves and cerebellum. 
lower pons and move gradually nearer the 

ventral surface to form the anteriorly lo- cep Pie 

cated pyramids of the rostral medulla. Con- 


trastingly, the pontine tegmentum is a direct The fourth ventricle is the flattened, dia- 
continuation of the medulla oblongata, and mond-shaped cavity of the hindbrain and it 
its structure reflects this fact. It consists prin- contains the cerebrospinal fluid. It is situ- 
cipally of the upward extension of the retic- ated ventral to the cerebellum and dorsal to 
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Fic. 11-50. Transverse section through pons and cerebellum at the level of the facial nerve. Nuclear groups repre- 
sented diagrammatically in color. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 
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FiG. 11-51. Transverse section through rostral part of pons. Nuclear groups represented diagrammatically in color. 


(From Villiger-Addison, courtesy of J. B. Lippincott Co.) 


the pons and upper half of the medulla ob- 
longata, and it is lined by a continuous sheet 
of epithelial cells called the ependyma (Fig. 
11-52). Superiorly, the fourth ventricle ex- 
tends the upper border of the pons, where it 
forms an angle of less than 90° (Fig. 11-54). 
Here its cavity is continuous with the 
cerebral aqueduct of the mesencephalon, 
through which communication is made with 
the cavity of the third ventricle. [nferiorly, 
the limit of the fourth ventricle is level with 
the lower end of the olive, where it forms an 
angle of nearly 90°. Its cavity opens below 
into the central canal of the medulla oblong- 
ata, which more inferiorly is continuous 
with that of the spinal cord (Fig. 11-54). Mid- 
way along the longitudinal axis of the fourth 
ventricle, on a level with the striae medul- 
lares, the ventricular cavity is prolonged 
outward in the form of two narrow lateral 
recesses. These are situated on each side be- 
tween the inferior cerebellar peduncle and 
the flocculus of the cerebellum, and they ex- 
tend laterally as far as the attachments of 
the glossopharyngeal and vagus nerves. 
LATERAL BOUNDARIES OF THE FOURTH VENTRI- 
CLE. The lower part of each lateral bound- 
ary of the fourth ventricle is formed by the 


tubercula of the cuneate and gracile nuclei, 
the fasciculus cuneatus, and the inferior cer- 
ebellar peduncle. The upper part of each lat- 
eral boundary consists of the middle and 
superior cerebellar peduncles (Fig. 11-54). 

ROOF OF THE FOURTH VENTRICLE. The supe- 
rior portion of the roof of the fourth ventri- 
cle on each side is formed by the superior 
cerebellar peduncle and the superior medul- 
lary velum. 

The superior cerebellar peduncles, as they 
emerge from the central white substance of 
the cerebellum, pass cranially and anteriorly 
and form, initially, the lateral boundaries of 
the upper portion of the fourth ventricle 
(Figs. 11-53; 11-54). As they approach the in- 
ferior colliculi, the two superior cerebellar 
peduncles converge and form part of the su- 
perior roof of the cavity of the fourth ventri- 
cle by means of their overlapping medial 
portions. 

The superior medullary velum is a thin, 
transparent lamina of white substance that 
stretches between the two superior cerebel- 
lar peduncles (Figs. 11-53; 11-54). On the dor- 
sal surface of its lower half are prolonged 
the folia of the lingula of the cerebellum, 
where the superior medullary velum is con- 
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Fic. 11-52. Diagram showing a midsagittal view of the brain stem, cerebellum, and fourth ventricle. Note that the 
white arrow is located in the median aperture of the fourth ventricle (foramen of Magendie). Red, pia mater and vessels 
in the choroid plexus; yellow, ependymal lining; black, cerebrospinal fluid; blue, dura mater. 


tinuous with the cerebellar white substance. 
A slightly elevated ridge, the frenulum of the 
superior medullary velum, descends upon 
the upper part of the superior medullary 
velum from between the inferior colliculi, 
and the trochlear nerve emerges adjacent to 
the sides of this frenulum. 

The inferior portion of the roof of the 
fourth ventricle is formed primarily by the 
inferior medullary velum, tela choroidea of 
the fourth ventricle and choroid plexus, the 
taenia of the fourth ventricle, and the obex 
(Figs. 11-52; 11-53). 

The inferior medullary velum is a thin 
sheet of white matter located on each side of 
the cerebellar nodule and consists of a layer 
of white matter lined on its inner (ventricu- 
lar) surface by ependymal cells and on its 
external surface by the pia mater. It extends 
from the undersurface of the cerebellum, 
near the line of origin of the superior medul- 
lary velum, where its white matter is contin- 
uous with the peduncle of the flocculus, to 
its attachment on the medulla oblongata 
along the taenia of the fourth ventricle to the 
obex (Fig. 11-53). Each lateral angle of the 
diamond-shaped cavity of the fourth ventri- 
cle is prolonged into the lateral recess, 
which lies over the striae medullares and 
under the choroid plexus. 

Openings in the Roof of the Fourth Ventri- 
cle. In the inferior part of the roof of the 
fourth ventricle are three openings or foram- 


ina: the median aperture and two lateral 
apertures (Figs. 11-52; 11-53). Through these 
openings, spinal fluid produced by the cho- 
roid plexuses in the ventricular cavity can 
escape into the subarachnoid space. 

The median aperture (or foramen of Mag- 
endie') is a midline slit of variable size situ- 
ated immediately above the obex at the infe- 
rior angle of the fourth ventricle (Fig. 11-53). 
It is approximately 2cm long and usually a 
small extension of choroid plexus penetrates 
the aperture. This opening empties into the 
cerebellomedullary cistern. The lateral aper- 
tures (or foramina of Luschka’) are found at 
the extremities of the lateral recesses, just 
caudal to the point at which the middle cere- 
bellar peduncle on each side courses into the 
cerebellum (Fig. 11-53). Located between the 
flocculus of the cerebellum and the vagus 
nerve on each side, the lateral apertures of 
the fourth ventricle are frequently occupied 
by small projections of choroid plexus that 
protrude into the subarachnoid space. 

CHOROID PLEXUSES. The choroid plexuses 
of the fourth ventricle are formed by two 
highly vascular, elongated tufts of capillary 
size that are extensions of the tela choroidea 
and are covered by a secretory epithelium. 


1Frangois Magendie (1783-1855): A French experimental 
physiologist and pathologist (Paris). 

*Hubert Luschka (1820-1875): A German anatomist 
(Tubingen). 
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FiG. 11-53. The dorsal surface of the inferior medullary velum and the foramina of the fourth ventricle as seen after 
removal of the cerebellum. (From F. A. Mettler, Neuroanatomy, C. V. Mosby, St. Louis, 1942.) 


These become invaginated into the cavity of 
the fourth ventricle, protruding inward from 
the roof, and each consists of a vertical and a 
horizontal portion. The two vertical portions 
lie close to the midline on each side, whereas 
the horizontal portions pass laterally at right 
angles to the vertical portions, coursing to- 
ward the lateral recesses and even project- 
ing beyond their apices through the lateral 
apertures. Thus, the right and left horizontal 
halves are joined in the midline and the en- 
tire structure presents the form of the letter 
T, the vertical limb of which, however, is 
doubled. 

FLOOR OF THE FOURTH VENTRICLE OR RHOM- 
polio Fossa. The anterior wall of the fourth 
ventricle constitutes the floor of that cavity: 
it has a rhomboid shape and, therefore, is 
called the rhomboid fossa (Figs. 11-44; 11-46: 
11-54). Formed by the dorsal surface of the 
pons and the more rostral open half of the 


medulla oblongata, it is covered by a thin 
layer of gray substance that is directly con- 
tinuous with that which surrounds the cen- 
tral canal of the medulla oblongata below 
and the cerebral aqueduct above. Superficial 
to this is a thin layer of neuroglia, the surface 
of which is lined by ependymal cells. 

The rhomboid fossa consists of three parts: 
superior, intermediate, and inferior. The su- 
perior part has a triangular shape, and it is 
limited laterally by the superior cerebellar 
peduncles (Fig. 11-54). The apex of this trian- 
gular region is directed cranially and is con- 
tinuous with the tissue forming the wall of 
the cerebral aqueduct. The base is repre- 
sented by an imaginary line across the brain 
stem at the level of the upper end of two 
small depressions called the superior foveae. 
The intermediate part extends caudally 
from this level to another imaginary line at 
the level of the horizontal portions of the 
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Fic. 11-54. The dorsal aspect of the brain stem following the removal of the cerebellum to expose the floor of the 
fourth ventricle. (Redrawn and slightly modified from F. A. Mettler, Neuroanatomy, C. V. Mosby, St. Louis, 1942.) 


taenia of the fourth ventricle (Fig. 11-46). 
This part narrows somewhat above, where it 
is limited laterally on each side by the mid- 
dle cerebellar peduncles, but it widens cau- 
dally where it is prolonged into the lateral 
recess of the fourth ventricle. The inferior 
part is triangular and its apex, which is di- 
rected caudally, is continuous with the wall 
of the central canal of the closed part of the 
medulla oblongata (Figs. 11-46; 11-54). The 
apex of this inferior part, which bears some 
resemblance to the point of a quill pen, is 
called the calamus scriptorius. 

The symmetrical right and left halves of 


the rhomboid fossa are divided in the mid- 
line by a median sulcus (Fig. 11-54). This 
longitudinal furrow reaches from the upper 
apex to the lower apex of the fossa, but it is 
deeper caudally than above. On each side of 
the median sulcus is an elevation, the medial 
eminence, which is itself bounded laterally 
by another sulcus called the sulcus limitans 
(Fig. 11-54). In the more rostral part of the 
rhomboid fossa, each medial eminence has a 
width equal to that of the entire correspond- 
ing half of the fossa, but opposite the supe- 
rior fovea it forms an elongated swelling 
called the facial colliculus. This latter struc- 
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ture overlies the nucleus of the abducens 
nerve and is formed, at least in part, by the 
ascending portion of the root of the facial 
nerve. In the inferior part of the floor of the 
fourth ventricle, the medial eminence forms 
a triangular area called the trigone of the 
hypoglossal nerve. Careful examination re- 
veals that this trigone consists of medial and 
lateral zones separated by a series of oblique 
furrows. The medial zone corresponds to the 
rostral part of the nucleus of the hypoglossal 
nerve, while the lateral zone corresponds to 
the nucleus intercalatus (Figs. 11-48; 11-54). 

As just described, the sulcus limitans 
forms the lateral boundary of the medial 
eminence. In the superior part of the rhom- 
boid fossa, it corresponds with the lateral 
limit of the fossa and has a bluish-gray zone 
named the locus ceruleus (Fig. 11-51). This 
region owes its color to an underlying patch 
of deeply pigmented nerve cells called the 
nucleus pigmentosus pontis or substantia 
ferruginea; many of these cells are now 
known to contain catecholamines, especially 
norepinephrine. At the level of the facial 
colliculus, the sulcus limitans widens into a 
flattened depression, the superior fovea, and 
in the inferior part of the fossa there appears 
in the floor of the ventricle a distinct dimple 
called the inferior fovea (Fig. 11-54). Lateral 
to these foveae is a rounded elevation, the 
vestibular area, which extends into the lat- 
eral recess as the cochlear tubercle and indi- 
cates the positions of the underlying vestibu- 
lar and dorsal cochlear nuclei. Winding 
around the inferior cerebellar peduncle and 
crossing the vestibular area and medial emi- 
nence are strands of white nerve fibers, the 
striae medullares (Fig. 11-54). These course 
to the midline and penetrate the brain stem 
through the median sulcus. 

Below the inferior fovea and between the 
trigone of the hypoglossal nerve and the 
lower part of the vestibular area is another 
triangular dark field called the trigone of the 
vagus nerve (previously called the ala 
cinerea). This indicates the position of the 
subjacent dorsal (efferent) nucleus of the 
vagus nerve. The lower end of the trigone of 
the vagus nerve is crossed by a translucent 
ridge, the funiculus separans, and between 
this and the tuberculum of the nucleus gra- 
cilis is a small tongue-shaped region called 
the area postrema (Fig. 11-54). The funiculus 
separans is formed by a strip of thickened 
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ependyma, while the area postrema consists 
of a highly vascular zone of neuroglial cell 
types, as well as nerve cells of moderate size. 


THE CEREBELLUM 


The cerebellum is located dorsal to the 
pons and medulla oblongata and occupies 
the space between the brain stem and the 
occipital lobes of the cerebral cortex (Fig. 
11-55). The cerebellar hemispheres rest on 
the floor of the posterior cranial fossa, and 
the median cerebellar region, called the ver- 
mis, is separated from the brain stem by the 
fourth ventricle. Intervening between the 
cerebellum and the posterior portion of the 
cerebral hemispheres is a dense sheet of 
dura mater, the tentorium cerebelli. The cer- 
ebellum is connected to the brain stem on 
each side by three peduncles: superior, mid- 
dle, and inferior. The superior cerebellar 
peduncle (brachium conjunctivum) con- 
nects the cerebellum to the midbrain, while 
the middle peduncle (brachium pontis) and 
inferior peduncle (restiform body) attach the 
cerebellum to the pons and medulla oblong- 
ata, respectively (Figs. 11-62; 11-63). 

Although the cerebellum probably does 
not initiate voluntary movement, It appears 
to serve as a suprasegmental coordinator of 
muscular activity, especially those motor 
funetions that require sequential, repetitive, 
or complex movements. Additionally, it 
helps to regulate muscular tone and to main- 
tain a proper balance for standing, walking, 
and running (Gilman, Bloedel, and Lecten- 
berg, 1981). Once developed and fully ma- 
tured, cerebellar connections appear to be 
capable of influencing the functions of virtu- 
ally all parts of the central nervous system, 
and yet the cerebellum is not essential for 
life, since certain individuals “who are born 
without a cerebellum do not betray them- 
selves in daily life by any defects” (Brodal., 
1981). Which brain regions, through the 
processes of plasticity, assume the normal 
cerebellar functions under these circum- 
stances is unknown. In contrast, individuals 
whose central nervous system has matured 
with a normally functioning cerebellum fre- 
quently suffer severe motor symptoms as a 
result of cerebellar disease. 

The cerebellum is somewhat oval, is con- 
stricted in its median portion, and nearly 
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Fic. 11-55. Median sagittal section of brain. Observe that the cerebellum is interposed between the occipital lobes of 


the cerebral cortex and the brain stem. 


flattened from above downward; its greatest 
diameter is from side to side. The surface of 
the cerebellum is not convoluted as is that of 
the cerebrum, but it is traversed by numer- 
ous curved furrows or fissures. The cerebel- 
lar fissures vary in depth in the different re- 
gions and result in the formation of the 
cerebellar folia; these present to the cerebel- 
lar surface a leaf-like, laminated appear- 
ance. The average weight of the cerebellum 
in the male is 150 gm. In the adult the pro- 
portion between the cerebellum and cere- 
brum is about 1 to 8, while in the infant it is 
about 1 to 20. 


Gross Form and Topography of the 
Cerebellum 


Although terms implying a functional or 
even phylogenetic subdivision of the cere- 
bellum have been used, anatomically the 
cerebellum consists of a narrow median por- 
tion, called the vermis, which is located be- 
tween two laterally and posteriorly protrud- 


ing cerebellar hemispheres (Figs. 11-56 to 
11-60). On the inferior surface at the rostral 
end of each cerebellar hemisphere is found a 
small, but somewhat separate, lateral projec- 
tion called the flocculus. This attaches medi- 
ally to the nodulus portion of the vermis by 
means of the floccular peduncle (Figs. 11-58 
to 11-60,A). 


FISSURES OF THE CEREBELLUM 


The surface of the cerebellum is marked 
by a series of transversely directed fissures 
that are somewhat curved and extend into 
the cerebellar substance for a considerable 
distance. These divide the cerebellum into a 
series of lobes and lobules. 

HORIZONTAL CEREBELLAR FISSURE. ‘The hor- 
izontal fissure is the largest, deepest, and 
perhaps the most distinctive of the cerebel- 
lar fissures (Figs. 11-57 to 11-59). It com- 
mences in front of the pons near the middle 
cerebellar peduncles and passes horizon- 
tally and laterally on each side. It then 
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Fic. 11-56. The superior surface of the cerebellum. (Redrawn after Sobotta.) 


sweeps entirely around the free margin of 
the cerebellar hemispheres to the posterior 
cerebellar notch located in the midline be- 
hind. The horizontal fissure is used as the 
landmark that divides the cerebellum into 
its superior and inferior surfaces (Figs. 11- 
57; 11-60, A, B). Several smaller, but none- 
theless deep. fissures divide the cerebellum 
into lobes or lobules, and these are further 
subdivided by more shallow furrows into 
individual folia. The most clearly visible fis- 
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sure on the superior surface is the primary 
fissure (Figs. 11-56; 11-60; 11-61). 

PRIMARY FISSURE. The primary fissure 
separates the anterior and posterior lobes of 
the cerebellum (Fig. 11-60). Those parts of 
the cerebellum rostral to this fissure consti- 
tute the anterior lobe and those parts behind 
the primary fissure, as far as the flocculo- 
nodular lobe, constitute the posterior lobe. 
When viewed from the superior surface, the 
primary fissure is V-shaped, with its apex 
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Fic. 11-58. The cerebellum viewed from its anterior or ventral aspect. (Redrawn after Sobotta.) 


directed backward toward the median line 
and the limbs of the V directed anterolat- 
erally as far as the horizontal fissure (Fig. 
11-56). 

POSTEROLATERAL FISSURE. The posterolat- 
eral fissure is located rostrally on the infe- 
rior surface of the cerebellum (Figs. 11-60; 
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11-61). It lies behind the flocculus and the 
floccular peduncle on each side and extends 
medially behind the nodulus, thereby sepa- 
rating the flocculonodular lobe from the 
remainder of the cerebellar hemispheres. 
It is the earliest of the cerebellar fissures to 
appear during embryonic development. 
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Fic. 11-59. The anteroinferior aspect of the cerebellum and pons. The right (reader's left) tonsil and a part of the 
biventer lobule have been removed and the pons has been sectioned transversely, exposing the flocculonodular lobe 
and the bed of the cerebellar tonsil. (Redrawn after Sobotta.) 
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Fic. 11 60 Diagrammatic representations of the lobes of the cerebellum (A and C) and their constituent lobules (A) 
and divisions of the vermis (A, B, and C). Note also the principal fissures. (From E. L. House, B. Pansky, and A. Siegel, 
A Systematic Approach to Neuroscience. McGraw-Hill, New York, 1979.) 
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OTHER CEREBELLAR FISSURES. Other fre- 
quently named cerebellar fissures visible 
from the superior surface include the post- 
lingual fissure, located behind the lingula of 
the vermis; the postcentral fissure, lying be- 
tween the alae of the central lobule and the 
quadrangular lobules; and the posterior su- 
perior fissure (also called the postclival or 
postlunate fissure), seen between the lobulus 
simplex and the superior semilunar lobule 
(Fig. 11-61). Visible on the inferior surface of 
the cerebellum are the prepyramidal fissure, 
located between the inferior semilunar lob- 
ule and the biventer lobule, as well as the 
secondary fissure (also called the retroton- 
sillar fissure or postpyramidal fissure), 
which is found between the uvula and pyra- 
mid medially and between the biventer lob- 
ule and the tonsil more laterally (Fig. 11-61). 


VERM!IS OF THE CEREBELLUM 


The vermis of the cerebellum lies between 
the cerebellar hemispheres and is a continu- 
ous but unpaired narrow median region visi- 
ble on both the superior and inferior cere- 
bellar surfaces (Figs. 11-56 to 11-59; 11-60, B; 
11-61). Its name is derived from the Latin 
word vermis (meaning a worm) because the 
surface shape of this median cerebellar re- 
gion resembles a worm bent nearly com- 
pletely back onto itself to form a slender cir- 
cular structure. On the superior surface, the 
superior vermis forms a midline elevation 
that throughout its length’nearly blends with 
the cerebellar hemispheres (Figs. 11-56; 11- 
61). In contrast, the inferior vermis is sunken 
and lies at the bottom of a longitudinally ori- 
ented hollow space called the cerebellar 
vallecula, located between the hemispheres 
(Figs. 11-57 to 11-59). 

SUPERIOR VERMIS. The superior vermis 1s 
subdivided by short, deep, transverse fis- 
sures that form, from front to back, parts of 
the vermis called the lingula, central lobule, 
culmen, declive, and folium vermis (Figs. 
11-56; 11-60; 11-61). Of these, only the lingula 
is not joined laterally to a portion of the cer- 
ebellar hemispheres; instead, the white mat- 
ter of its four or five folia is continuous with 
the superior medullary velum (Fig. 11-61). 
Consisting of a small tongue-shaped process, 
the lingula lies in front of and is concealed 
by the central lobule. It is separated from the 
central lobule by the postlingual fissure. The 
central lobule is continuous laterally with 
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the alae of the central lobule, while the 
culmen, lying just in front of the primary fis- 
sure, is joined laterally on each side to the 
quadrangular lobule. The portion of the ver- 
mis directly behind the primary fissure is the 
declive, and this is laterally contiguous with 
the lobulus simplex on each side. The most 
caudal part of the vermis visible from the 
superior surface is the folium vermis, which 
is joined to the superior semilunar lobules 
laterally. The folium vermis is a short, nar- 
row, and somewhat concealed band that 
seems to consist of a single folium, but in 
reality is marked on its upper and lower sur- 
faces by secondary fissures. The folium ver- 
mis and the superior semilunar lobules on 
each side lie immediately above the horizon- 
tal fissure. 

INFERIOR VERMIS. The inferior vermis is 
similarly divided into smaller segments by 
transversely coursing fissures. Progressing 
rostrally from the most caudal part, these are 
called the tuber vermis, pyramis (vermis), 
uvula (vermis), and nodulus (Figs. 11-57 to 
11-61). The tuber vermis is small and contin- 
uous laterally with the inferior semilunar 
lobules. These are located just below the 
horizontal fissure. Rostral to the tuber ver- 
mis is the pyramis (vermis), which is joined 
on each side to the biventer lobules. In front 
of the pyramis is the uvula (vermis), 
bounded laterally by the nearly spherical 
cerebellar tonsils. The uvula forms a consid- 
erable portion of the inferior vermis. It is 
separated on each side from the tonsil by the 
sulcus valleculae, at the bottom of which it 
is connected to the tonsil by a ridge of gray 
matter that is indented on its surface by 
shallow furrows and hence called the fur- 
rowed band. Finally, the most rostral part of 
the inferior vermis is called the nodulus. 
This is attached on each side to the flocculus 
by the floccular peduncles. Together the 
nodulus, the two flocculi and their pedun- 
cles form the flocculonodular lobe, which is 
separated from the cerebellar tonsils and the 
uvula (vermis) by the posterolateral fissure. 


CEREBELLAR HEMISPHERES 


In addition to the centrally located vermis, 
it is customary to consider the cerebellum as 
composed of two large laterally projecting 
masses called the cerebellar hemispheres. 
As described previously, these are continu- 
ous with the vermis on both the superior and 
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Fic. 11-61. Sagittal section through the vermis of the cerebellum. (From E. C. Crosby, T. Humphrey, and E. W. Lauer. 
Correlative Anatomy of the Nervous System, Macmillan Publishing Co., New York, 1962.) 


inferior cerebellar surfaces (Figs. 11-56 to 
11-59). Each hemisphere is composed of 
eight lobules, arranged in pairs so that the 
total shape of the two hemispheres is nearly 
symmetrical. Four pairs of lobules lie above 
the horizontal fissure and, therefore, are visi- 
ble on the superior cerebellar surface, while 
four pairs of lobules lie below the horizontal 
fissure and can only be clearly seen if the 
cerebellum is viewed from below or if it is 
detached from its brain stem connections 
and turned to expose the inferior cerebellar 
surface. 

The eight cerebellar lobules that form 
each cerebellar hemisphere are named, from 
front to back on the superior surface, the ala 
of the central lobule, the quadrangular lob- 
ule, the lobulus simplex, and the superior 
semilunar lobule, and from back to front on 
the inferior surface, the inferior semilunar 
lobule, the biventer lobule, the cerebellar 


tonsil, and the flocculus (Figs. 11-56 to 11- 
60,A). 

The most rostral part of the cerebellar 
hemispheres on the anterior surface forms 
the alae of the central lobule. These thin, 
wing-like prolongations of the central lobule 
of the vermis extend laterally along the 
upper and anterior part of each hemisphere. 
Behind the alae of the central lobule and 
separated from them by the postcentral fis- 
sure on each side are the quadrangular lob- 
ules (Fig. 11-56). The surface of these lobules 
is roughly four-sided; medially they are con- 
tinuous with the culmen, and caudally they 
are separated from the lobulus simplex by 
the primary fissure. 

Behind the primary fissure are the rela- 
tively large lobuli simplex. These lobules are 
continuous medially with the declive, and 
their superior surfaces are also nearly four- 
sided, although their caudal borders are 
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curved. They are bounded behind by the 
posterior superior fissure (also called the 
postclival fissure or postlunate fissure). The 
most caudal part of the cerebellar hemi- 
spheres as seen from above is formed by the 
large half moon-shaped superior semilunar 
lobules. Expanding laterally from the small 
medially located folium of the vermis, they 
form the entire posterior one-third of the 
superior surface of the cerebellum. The su- 
perior semilunar lobules are bounded below 
by the horizontal fissure (Figs. 11-56; 11-58; 
11-60,A). 

The posterior two-thirds of the inferior 
surface of each cerebellar hemisphere con- 
sists of the inferior semilunar lobule (Fig. 
11-57). Expanding laterally from the small, 
medially placed tuber vermis, these large 
lobules le below the horizontal fissure and 
behind the prepyramidal fissure. In front of 
the inferior semilunar lobules are the biventer 
lobules. On their surface these are somewhat 
triangular, with their apices projected back- 
ward, and medially they are joined to the 
pyramis (vermis). The cerebellar tonsils are 
rounded masses situated medially and 
slightly rostral to the biventer lobules, and 
each lies in a deep fossa on the posterior cer- 
ebellar surface called the nidus avis (bird’s 
nest) (Fig. 11-59). The cerebellar tonsils are 
continuous medially with the uvula. Finally, 
each cerebellar hemisphere has appended to 
it the flocculus. Each flocculus is a promi- 
nent, irregular lobule situated in front of the 
biventer lobule and behind the middle cere- 
bellar peduncle. It is subdivided by furrows 
into a few small folia and it is attached medi- 
ally to the nodulus. The flocculus is also con- 
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nected to the inferior medullary velum by its 
central white core (Figs. 11-58; 11-59). 


LOBES OF THE CEREBELLUM 


A commonly used and sometimes conven- 
ient way to describe cerebellar development 
and adult cerebellar anatomy and physiol- 
ogy is to divide the cerebellum into the floc- 
culonodular lobe and the corpus cerebelli. 
As described previously, the flocculonodu- 
lar lobe includes the flocculi, their pedun- 
cles, and the centrally located nodulus. It is 
bounded behind by the posterolateral fis- 
sure, which both phylogenetically and 
ontogenetically is the first fissure to appear 
in the cerebellum. The remainder of the cer- 
ebellum is considered the corpus cerebelli, 
which consists of all of the vermis except the 
nodulus and all of the cerebellar hemi- 
spheres except the flocculi. The primary fis- 
sure is the important landmark in dividing 
the corpus cerebelli into its anterior and 
posterior lobes (Figs. 11-56; 11-60,C). 

The anterior lobe is the part of the cere- 
bellum that extends between the superior 
medullary velum and the primary fissure. It 
includes the lingula, central lobule and cul- 
men of the vermis, and the alae of the central 
lobules, as well as the quadrangular lobules 
(Figs. 11-56; 11-60, C). Phylogenetically, it is 
the oldest part of the corpus cerebelli, but it 
does not appear as early as the flocculonodu- 
lar lobe. 

The remainder of the corpus cerebelli is 
considered the posterior lobe. It includes the 
declive, folium vermis, tuber vermis, pyra- 
mis (vermis), and uvula (vermis) portions of 
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the centrally located vermis, and the lobuli 
simplex, superior and inferior semilunar 
lobules, the biventer lobules, and the cere- 
bellar tonsils (Figs. 11-57 to 11-60). The pos- 
terior lobe is much larger than the anterior 
lobe and most of it has a more recent phylo- 
genetic history than does the anterior lobe. 

The flocculonodular lobe, which essen- 
tially subserves the vestibular system in its 
function. is often called the archeocerebel- 
lum (Figs. 11-58; 11-59). The anterior lobe 
along with the pyramis (vermis) and the 
uvula (vermis) of the posterior lobe are gen- 
erally considered to constitute the paleocer- 
ebellum, which receives essentially afferent 
projections from the spinal cord by way of 
the spinocerebellar septum. The remainder 
of the cerebellum—i.e., the posterior lobe 
minus the pyramis and uvula—is a relatively 
late phylogenetic acquisition, often called 
the neocerebellum, and it receives projec- 
tions from the cerebral cortex by way of the 
relay nuclei in the pons. Although not 
strictly consistent with all experimental 
data, these three regions could be considered 
vestibulocerebellar (archeocerebellum), spi- 
nocerebellar (paleocerebellum), and ponto- 
cerebellar (neocerebellum) with respect to 
the origin of their afferent connections. 


CEREBELLAR ATTACHMENTS TO THE BRAIN STEM 


The cerebellum is physically connected to 
the brain stem by way of the superior med- 
ullary velum, the inferior medullary velum, 
and the inferior, middle, and superior cere- 
bellar peduncles. 

SUPERIOR MEDULLARY VELUM. The superior 
medullary velum is a single, thin, transpar- 
ent lamina of white matter that stretches be- 
tween the superior cerebellar peduncles 
(Figs. 11-58; 11-59; 11-61). It is narrow above, 
where it passes beneath the inferior colliculi 
of the midbrain and broader below, where it 
is continuous with the white matter of the 
superior vermis. Together with the superior 
cerebellar peduncles, it forms the upper part 
of the roof or posterior wall of the fourth 
ventricle. A slightly elevated ridge, the 
frenulum of the superior medullary velum, 
descends upon its upper part from between 
the inferior colliculi, and on either side of 
the frenulum, the trochlear nerves emerge 
from the brain stem. 

INFERIOR MEDULLARY VELA. The inferior 
medullary vela are two thin layers of white 


matter, one on each side, which are attached 
to the front and lower surface of the nodule 
and are then extended laterally along the 
peduncles of the flocculi (Figs. 11-58; 11-59; 
11-61). Each inferior medullary velum has a 
nearly semilunar shape and its neural ele- 
ments extend only as far as its crescenteric 
lower border; beyond this, as it covers the 
inferior part of the fourth ventricle, the infe- 
rior medullary velum is formed essentially 
of a layer of ependymal epithelium sup- 
ported by a backing of pial tissue, the tela 
choroidea. This attaches inferiorly to the 
surface of the medulla along the taenia of 
the fourth ventricle. It is somewhat deficient 
in its lower part where the median aperture 
of the fourth ventricle allows that cavity to 
communicate directly with the subarach- 
noid space on the surface of the brain. 

INFERIOR CEREBELLAR PEDUNCLES. The in- 
ferior cerebellar peduncles, or restiform 
bodies, are a pair of prominent. rounded 
masses of nerve fibers that interconnect the 
rostral part of the posterior region of the 
medulla oblongata and the cerebellum (Figs. 
11-62; 11-63). Each is situated between the 
floor of the fourth ventricle and the emer- 
ging roots of the glossopharyngeal and vagus 
nerves. Initially, the inferior cerebellar 
peduncles pass upward and then diverge lat- 
erally to form a part of the lateral walls of 
the fourth ventricle. After they ascend to the 
cerebellum and reach the anterior cerebellar 
notch, they bend abruptly backward and 
each passes to its corresponding cerebellar 
hemisphere. As it enters the cerebellum, the 
inferior cerebellar peduncle lies between the 
superior cerebellar peduncle medially and 
the middle cerebellar peduncle laterally. 
The inferior cerebellar peduncles carry both 
afferent and efferent fibers with respect to 
the cerebellum, and these interconnect the 
cerebellum principally to structures in the 
spinal cord and medulla oblongata. 

MIDDLE CEREBELLAR PEDUNCLES. The mid- 
dle cerebellar peduncles, or brachia pontis, 
are the largest of the three pairs of cerebellar 
peduncles. They arch upward to the cerebel- 
lum from the brain stem, where they are lo- 
cated in the dorsolateral, midpontine region 
just rostral to the penetration sites of the fa- 
cial and vestibulocochlear nerves (Figs. 11- 
58; 11-62; 11-63). Consisting principally of 
afferent fiber tracts from the pontine nuclei 
which cross from the opposite side in the 
pons, the middle cerebral peduncles enter 
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Fic. 11-62. Drawings of partially dissected brain stems illustrating the relationships of the cerebellar peduncles. (A) 
From the anteroinferior aspect; (B) from the posterosuperior aspect. (From E. C. Crosby, T. Humphrey, and E. W. 
Lauer, Correlotive Anotomy of the Nervous System, The Macmillan Publishing Co., New York, 1962.) 


the rostral part of the inferior surface of the — superior, inferior, and deep. The superior 
cerebellum lateral to the attachments of the fasciculus is formed by the more rostral 
superior and inferior peduncles. transverse fibers of the pons, and it is di- 

The fibers that form the middle cerebellar rected backward and laterally and is more 
peduncle are arranged in three fascicles: superficial to the other two fasciculi. Its cer- 
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Fic. 11-63. Dissection showing the projection fibers of the cerebellum. (After E. B. Jamieson.) 


ebellar afferent fibers are distributed mainly 
to the lobules on the inferior surface of the 
cerebellar hemispheres and to the parts of 
the superior surface that adjoin the posterior 
and lateral margins. The inferior fasciculus 
is formed by the most caudal transverse fi- 
bers of the pons. It passes from the pons 
under cover of the superior fasciculus, and 
continues downward and backward, paral- 
lel to the superior fasciculus, and becomes 
distributed to the cerebellar folia of the infe- 
rior surface near the vermis. The deep fas- 
ciculus is composed principally of deep 
transverse fibers of the pons. Initially, it is 
covered by the superior and inferior fascic- 
uli, but it then crosses obliquely to appear 
on the media! side of the superior fasciculus, 
from which it receives a bundle. Its fibers 
then spread out to pass to the cerebellar folia 
in the anterior part of the superior surface. 
The fibers of this fasciculus cover those of 
the inferior cerebellar peduncle. 

SUPERIOR CEREBELLAR PEDUNCLES. Each of 
the two superior cerebellar peduncles, fre- 
quently called a brachium conjunctivum, 
emerges from the cerebellum medial to the 
middle peduncle and medial and superior to 
the inferior peduncle (Figs. 11-58; 11-59; 11- 
62; 11-63). It joins the cerebellum and the 
midbrain and contains the most important 
efferent fiber bundles from the cerebellum. 
The two superior peduncles are joined to 
each other across the midline by the supe- 
rior medullary velum, and from the cerebel- 


lum they can be followed superiorly as far as 
the inferior colliculi, under which they dis- 
appear. Along their ascent the superior cere- 
bellar peduncles first form the dorsolateral 
boundaries of the fourth ventricle, but more 
superiorly they converge on the dorsal as- 
pect of the ventricle and thus assist in form- 
ing its roof. 

Most of the fibers that form the superior 
cerebellar peduncles arise from cells in the 
dentate nuclei of the cerebellum, although 
others come from the emboliform, globose, 
and fastigial nuclei. Coursing into the pon- 
tine tegmentum and lower midbrain, most of 
the fibers course medially and cross to the 
opposite side ventral to the cerebral aque- 
duct. They terminate in many brain stem 
and thalamic structures, including the red 
nucleus, the reticular formation of the mid- 
brain, the pons, and the medulla oblongata, 
the oculomotor nucleus, and several tha- 
lamic nuclei, especially the ventrolateral 
nucleus. Afferent fibers in the superior cere- 
bellar peduncles are derived from the ven- 
tral spinocerebellar tract, as well as from 
neurons in the colliculi of the midbrain. 


THE MIDBRAIN 


The midbrain or mesencephalon is that 
part of the neuraxis located between the 
pons inferiorly and the thalamus and hypo- 
thalamus superiorly (Fig. 11-64). It is a short, 
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Fic. 11-64. A dorsolateral view of brain stem. 


constricted segment of the brain stem, meas- 
uring only about 2 cm. Inferiorly, the bound- 
ary of the midbrain is represented by a 
transverse plane passing just caudal to the 
inferior colliculi posteriorly and just rostral 
to the ventral pons anteriorly, where the 
superior pontine sulcus marks the upper 
limit of the transverse pontine fibers. Superi- 
orly, the midbrain is limited by another 
transverse plane that passes through the pos- 
terior commissure dorsally and just behind 
the mammillary bodies of the posterior hy- 
pothalamus ventrally. 

By definition, each half of the midbrain is 
called a cerebral peduncle, and this is fur- 
ther divided into a ventral part, called the 
crus cerebri, and a dorsal part, called the 
midbrain tegmentum. In a cross section of 
the midbrain, it can be seen that the crus cer- 
ebri and the tegmentum are separated on 
both sides by a layer of pigmented nerve 
cells, the substantia nigra. A slender canal, 
the cerebral aqueduct, passes longitudinally 
through the midbrain and interconnects the 
third ventricle of the diencephalon above 
with the fourth ventricle below. Surround- 
ing the cerebral aqueduct is a layer of gray 
matter called the periaqueductal central 
gray substance. The portion of the midbrain 
dorsal to the cerebral aqueduct is called the 
tectum and it consists principally of four 
rounded swellings or eminences—a pair of 
superior colliculi and a pair of inferior 
colliculi (Fig. 11-64). Also called the corpora 
quadrigemina, the superior and _ inferior 
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colliculi on each side of the dorsal midbrain 
surface are easily identifiable and made 
more prominent because they are separated 
by a shallow sulcus. 


Basal Part of the Midbrain 


The basal part of the midbrain consists of 
the crus cerebri and the substantia nigra on 
each side (Figs. 11-65; 11-67; 11-68). 

CRUS CEREBRI. Coursing along the ventro- 
lateral aspect of the midbrain on both sides 
are longitudinally oriented fissures that 
mark the boundary between the tegmentum 
dorsally and the crus cerebri ventrolaterally. 
Each crus cerebri consists of large bundles 
of nerve fibers that originate in the cerebral 
cortex and descend as the corticobulbar and 
corticospinal tracts through the internal cap- 
sule and terminate either in the brain stem 
below the mesencephalon or in the spinal 
cord. The crura cerebri also contain cortico- 
pontine fibers that arise from the frontal, 
parietal, temporal, and occipital lobes and 
end in the pontine nuclei. After emerging 
from the cerebrum, the two crura cerebri 
form the most ventral part of the midbrain, 
and on each side they appear as broad, com- 
pact bands that are semilunar in transverse 
section (Fig. 11-65). 

Between the crura cerebri is located the 
wedge-shaped interpeduncular fossa, the 
dorsal floor of which is formed of gray mat- 
ter and called the posterior perforated sub- 
stance because branches of the posterior 
cerebral artery pierce the midbrain at this 
site. During their descent through the mesen- 
cephalon, the two crura cerebri converge, 
and as they enter the rostral region of the 
ventral pons, they meet on each side of the 
midline, being separated only by the emer- 
ging oculomotor nerves. At this site, the 
medial surface of each crus is marked by a 
longitudinal furrow, the medial sulcus of the 
crus cerebri, along which the oculomotor 
nerves pass (Fig. 11-68). 

The ventral surface of each crus is crossed 
from medial to lateral by the superior cere- 
bellar and posterior cerebral branches of the 
basilar artery. The lateral surfaces of the 
crura are in relationship to the parahippo- 
campal gyri of the cerebral hemispheres, 
and the trochlear nerves, which leave the 
brain stem dorsally, wind around the sides 
of the crura from dorsal to ventral. Also, the 
lateral surface of each crus is marked by a 
longitudinal furrow called the lateral sulcus 
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of the mesencephalon. The fibers of the lat- 
eral lemniscus come to the surface in this 
sulcus and then turn dorsally to pass to the 
inferior colliculus and its brachium. As the 
crura emerge from the cerebral hemispheres 
to enter the midbrain, they course deep (dor- 
sal) to the optic tracts, which are themselves 
directed laterally and somewhat caudally to 
their connections in the lateral thalamus 
(Fig. 11-65). 

When viewing the crescenteric shape of 
the crura cerebri in transverse section, it is 
frequently stated that the middle three-fifths 
of each crus is occupied by corticospinal 
and corticonuclear (corticobulbar) fibers 
arranged in a somatotopic pattern. These 
are the great motor pathways. Beyond the 
midbrain, the corticospinal fibers descend 
through the pons to form the pyramids of the 
medulla oblongata; most (70 to 90%) then 
decussate to form the crossed lateral cortico- 
spinal tracts, while the remainder descend 
uncrossed into the cord to form the ventral 
corticospinal tract. The corticonuclear fibers 
descend and terminate in or near the motor 
nuclei of the cranial nerves. Most of these 
decussate but some supply certain motor 
nuclei ipsilaterally. Within this middle re- 
gion of the crus, descending corticospinal 
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Fig 1165 Caudal view of the transversely sectioned 
optic tract. (After Sobotta.) 


fibers to the lower extremity are located 
more laterally, while corticonuclear fibers 
serving the motor nuclei that control the 
musculature of the face, oropharynx. and 
larynx are located more medially. Inter- 
posed between these are the corticospinal 
fibers that serve the upper extremity. 

Other efferent fibers from the cerebral cor- 
tex occupy the medial one-fifth and lateral 
one-fifth of the crura cerebri. These are the 
corticopontine tracts, which descend to syn- 
apse in the pontine nuclei, from which pon- 
tocerebellar fibers then cross transversely in 
the pons and project to the contralateral cer- 
ebellar hemisphere. From the frontal lobes, 
ipsilateral frontopontine fibers occupy the 
medial one-fifth of each crus cerebri, while 
temporopontine, parietopontine, and occip- 
itopontine fibers originating in the temporal, 
parietal, and occipital lobes of the cerebral 
cortex are found in the lateral one-fifth of 
each crus. 

SUBSTANTIA NIGRA. Located just dorsal to 
the crus cerebri on each side of the basal 
part of the midbrain is a layer of gray sub- 
stance, the substantia nigra, which in trans- 
verse section also presents a semilunar 
shape with its concavity directed dorsally 
toward the tegmentum (Figs. 11-65; 11-67: 
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Fic. 11-66. Transverse section through transition between pons and mesencephalon. Nuclear groups represented 
diagrammatically in color. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 


11-68). This nuclear mass extends the entire 
length of the midbrain, and it contains nu- 
merous deeply pigmented multipolar nerve 
cells that are distributed in two zones, a 
more dorsally located black compact zone 
containing melanin pigment, and a more 
ventrally situated reddish-brown reticular 
zone that contains no melanin but is rich in 
iron pigments. 

The reticular zone is located just dorsal to 
the crus cerebri and prolongations of its cells 
penetrate downward between the bundles of 
fibers in the crura. Although there is some 
pigment in the substantia nigra at birth, it 
increases greatly in amount between the 
fifth and eighth years of life and seems to 
accumulate further, but much more slowly, 
in subsequent years. The exact function of 
this pigment is unknown, although in recent 
years strong experimental evidence, utiliz- 
ing the techniques of histochemical fluores- 
cence, has shown that cells in the substantia 
nigra produce the neural transmitter dopa- 
mine. The substantia nigra receives descend- 
ing corticonigral fibers from the cerebral 
cortex, strionigral fibers from the caudate 
nucleus and putamen, pallidonigral fibers 
from the globus pallidus, and thalamonigral 
fibers from the ventral thalamus; it also re- 
ceives ascending serotonergic fibers from 
the raphe nuclei of the pons. Efferent fibers 
from the substantia nigra course to the cau- 


date nucleus, putamen, globus pallidus, ven- 
trolateral and anterior ventral nuclei of the 
thalamus, and the reticular formation in the 
midbrain tegmentum. It is believed that do- 
pamine synthesized in the substantia nigra is 
transported intra-axonally to the neostriatum. 
Disruption of this neurochemical system 
may be responsible for the condition called 
paralysis agitans or Parkinson’s! disease. 


Tegmentum of the Midbrain 


The midbrain tegmentum is the region of 
the mesencephalon that in transverse sec- 
tions extends dorsally from the substantia 
nigra as far as the level of the cerebral aque- 
duct (Figs. 11-67; 11-68). Posterior to the level 
of the cerebral aqueduct in the most dorsal 
part of the midbrain is the midbrain tectum, 
which consists principally of the superior 
and inferior colliculi. 

The tegmentum of the mesencephalon is 
continuous below with the tegmentum of the 
pons, and it contains continuations of many 
of the same nuclear groups and fiber systems 
as well as other different structures (Fig. 11- 
66). Its substance also extends superiorly 
into the subthalamic region of the dienceph- 
alon without a sharp line of demarcation. 


‘Tames Parkinson (1755-1824): An English physician 
(London). 
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The tegmentum consists of bundles of longi- 
tudinally and transversely oriented fiber 
tracts, as well as masses of diffuse gray mat- 
ter. It contains aggregations of nerve cells 
that are frequently assembled in cell groups 
and collectively are referred to as the teg- 
mental nuclei. In the more dorsal tegmental 
region, ventral to the cerebral aqueduct and 
its surrounding gray substance, are found 
the nuclei of the trochlear and oculomotor 
nerves, while the mesencephalic nucleus of 
the trigeminal nerve is situated more dorso- 
laterally (Figs. 11-67; 11-68). 

MESENCEPHALIC NUCLEUS OF THE TRIGEMI- 
NAL NERVE. This nucleus is formed by the 
cell bodies of primary sensory neurons and 
is located in the lateral part of the central 
gray substance that surrounds the aqueduct. 
Its unipolar, rounded neurons are arranged 
in small clusters that extend along the lateral 
angle of the fourth ventricle from the main 
sensory nucleus of the trigeminal nerve in 
the pons to the upper midbrain. The axons 
of its cells gather at the lateral border of the 
nucleus to form the tract of the mesence- 
phalic nucleus, from which collaterals form 
monosynaptic connections with neurons in 
the trigeminal motor nucleus. These sensory 
nerve cells are thought to serve a proprio- 
ceptive function for the muscles of mastica- 
tion, the teeth, and possibly even certain fa- 
cial and extraocular muscles. 
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TROCHLEAR NUCLEUS. The trochlear nu- 
cleus is located at the level of the inferior 
colliculus; it consists of a compact group of 
cells in the ventral part of the central gray 
substance, close to the midline and just dor- 
sal to the medial longitudinal fasciculus (Fig. 
11-67). The trochlear fibers arch dorsally and 
laterally around the central gray substance, 
decussate in the superior medullary velum, 
and emerge at the dorsal surface of the brain 
stem just behind the inferior colliculus (Fig. 
11-66). 

ocuLomoTorR Nucteus. The oculomotor 
nucleus is a complex of nuclear groups 
found just ventral to the cerebral aqueduct 
and its surrounding central gray substance 
in a wedge-shaped region bounded by the 
medial longitudinal fasciculi of the two 
sides, immediately rostral to the trochlear 
nucleus (Figs. 11-67; 11-68). It extends as far 
as the rostral limit of the superior colliculus, 
and its cells are somewhat separated by fi- 
bers of the medial longitudinal fasciculus. 
The fibers that form the oculomotor nerve 
course ventrally through the midbrain teg- 
mentum, medial to the red nucleus, with 
some fibers traversing that nucleus. They 
emerge ventrally from the midbrain into the 
interpeduncular fossa along the medial sul- 
cus of the crus cerebri. 

RED NUCLEUS. The red nucleus is a prom- 
inent structure of the midbrain tegmentum: 
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Fic. 11-67. ‘Transverse section through mesencephalon at inferior colliculus. Nuclear groups represented diagram- 
matically in color. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 
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Fic. 11-68. Transverse section through mesencephalon at superior colliculus. Nuclear groups represented diagram- 
matically in color. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 


it is located dorsomedial to the substantia 
nigra and just lateral to the descending fibers 
of the oculomotor nerve, some of which ac- 
tually traverse the nucleus (Fig. 11-68). It has 
a reddish-pink color in freshly sectioned 
brains and its cells form a large egg-shaped 
mass extending from the lower limit of the 
superior colliculus caudally into the sub- 
thalamic region of the diencephalon ros- 
trally. The human red nucleus is composed 
of a parvocellular (or neorubral) portion 
consisting principally of small- and medium- 
sized cells, and this is capped caudally by a 
large-celled component, the magnocellular 
(or paleorubral) part, which is more promi- 
nent in lower mammals but, nonetheless, 
clearly is present in man. Afferent projec- 
tions to the red nucleus are derived mainly 
from the contralateral cerebellar nuclei by 
way of the superior cerebellar peduncle and 
from the ipsilateral precentral gyrus of the 
cerebral cortex. Efferent fibers from the red 
nucleus project to the spinal cord (rubrospi- 
nal), to the cerebellar nuclei (rubrocerebel- 
lar), and to certain brain stem structures 
(rubrobulbar), such as the facial nucleus, the 
motor nucleus of the trigeminal nerve, and 
the inferior olivary nucleus. The red nucleus 
also has connections with other brain cen- 
ters, such as the thalamus, globus pallidus, 
and reticular formation, the details of which 
go beyond the purposes of this text. 


OTHER MIDBRAIN NUCLEI. QOther frequently 
described nuclear groups found in the mid- 
brain tegmentum include the dorsal tegmen- 
tal nucleus, located dorsal to the nucleus of 
the trochlear nerve; the ventral tegmental 
nucleus, found ventral to the medial longitu- 
dinal fasciculus; the interpeduncular nu- 
cleus, located just posterior to the interpe- 
duncular fossa; the interstitial nucleus (of 
Cajal'), found in the rostral midbrain just 
lateral to the medial longitudinal fasciculus; 
the nuclei of the posterior commissure, lo- 
cated in the rostral midbrain in relation to 
that commissure; the nucleus of Darksche- 
witsch,? lateral and ventral to the cerebral 
aqueduct; and the Edinger-Westphal nu- 
cleus, located dorsal to the oculomotor nu- 
cleus. 


Tectum of the Midbrain 


The mesencephalic tectum is the most 
dorsal part of the midbrain and is externally 
marked by four rounded eminences, the 
superior and inferior colliculi (or corpora 
quadrigemina), which project posteriorly 
from the tectal (or quadrigeminal) plate, a 
lamina of neural tissue that forms the dorsal 


1Santiago Ramon y Cajal (1852-1934): A brilliant Span- 
ish histologist and neuroanatomist (Madrid). 

?Liverij O. Darkschewitsch (1858-1925): A Russian neu- 
rologist. 
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roof of the midbrain over the cerebral aque- 
duct (Fig. 11-64). The paired colliculi are sit- 
uated rostral to the superior medullary 
velum and superior cerebellar peduncle and 
caudal to the third ventricle and posterior 
commissure. They are covered by the sple- 
nium of the corpus callosum and are partly 
overlapped on both dorsolateral sides by the 
pulvinar region of the posterior thalamus. 
The four colliculi are arranged in pairs, su- 
perior and inferior, and they are clearly 
demarcated and separated by a cruciate sul- 
cus. The midline longitudinal part of this 
sulcus expands rostrally to form a slight 
depression in which is located the pineal 
body (Fig. 11-64). From the caudal end of 
the longitudinal sulcus, a white band—the 
frenulum of the superior medullary ve- 
lum—is prolonged downward to the supe- 
rior medullary velum. On either side of this 
band the trochlear nerve emerges from the 
brain stem and then passes ventrally on the 
lateral aspect of the superior cerebellar pe- 
duncle to the base of the brain (Fig. 11-54), 
coursing parallel to but between the su- 
perior cerebellar and posterior cerebral 
branches of the basilar artery. 

The superior colliculi are somewhat oval 
and larger and darker than the inferior 
colliculi (Figs. 11-54; 11-64). They serve pri- 
marily as reflex centers that alter the posi- 
tion of the eyes and head in response to sen- 
sory stimuli. The inferior colliculi have a 
hemispherical shape and are somewhat 
more prominent than the superior colliculi; 
they possibly function as auditory reflex 
centers as well as nuclei for the transmission 
of auditory signals to thalamic centers. 

Extending ventrolaterally from the supe- 
rior colliculus and passing between the 
pulvinar and medial geniculate body to 
reach the lateral geniculate body and the 
optic tract is the brachium of the superior 
colliculus (Fig. 11-64). It contains fibers from 
the optic tract, the lateral geniculate body, 
and the cerebral cortex that are destined 
for the superior colliculus. The brachium of 
the inferior colliculus is a thick band of tis- 
sue that passes rostrally and laterally from 
the inferior colliculus to the medial genicu- 
late body (Fig. 11-64). It contains fibers of the 
auditory pathway from the lateral lemniscus 
and inferior colliculus to the medial genicu- 
late body and possibly some fibers to and 
from the auditory cortex interconnecting 
with the inferior colliculus. 


INFERIOR COLLICULUS. The inferior col- 
liculi are two distinctive hemispherical neu- 
ral masses that form the greater part of the 
caudal midbrain tectum (Figs. 11-54; 11-64). 
Internally, each inferior colliculus consists 
of an outer capsule of myelinated fibers and 
an inner oval mass of nerve cells called the 
nucleus of the inferior colliculus. More 
deeply located still is a thin layer of myeli- 
nated fibers interposed between the nucleus 
and the cerebral aqueduct. 

The nucleus of the inferior colliculus (Fig. 
11-67) is formed of medium and large-sized 
neurons that are densely packed and inter- 
connected with the nucleus of the opposite 
inferior colliculus by way of a commissure 
that lies closer to the surface of the tectum 
than to the cerebral aqueduct. The outer 
capsule of myelinated fibers is formed prin- 
cipally of incoming projections of the lateral 
lemniscal pathway from the cochlear nuclei, 
the superior olive, and the trapezoid body. 
These fibers terminate on the cells of the 
nucleus of the inferior colliculus. They form 
the principal afferent pathway to the inferior 
colliculus and some of the lateral lemniscal 
fibers cross in the commissure to the inferior 
colliculus of the opposite side. Other incom- 
ing fibers to the inferior colliculus are de- 
rived from the ipsilateral medial geniculate 
body and from the auditory cortex. Connec- 
tions with the superior colliculus also exist. 
Efferent fibers leave the inferior colliculus 
through its brachium to project to the ipsi- 
lateral medial geniculate body and even to 
the cerebral cortex. Other fibers from the 
inferior colliculus project back to relay nu- 
clei in the auditory pathway, to the superior 
colliculus, as well as to the opposite inferior 
colliculus. The inferior colliculus functions 
as an important auditory center and may 
participate in the integration of auditory re- 
flexes. 

SUPERIOR COLLICULUS. The superior colli- 
culi are two rounded elevations that form 
most of the rostral half of the mesencephalic 
tectum (Figs. 11-54; 11-64). The human super- 
ior colliculus is a complex laminated struc- 
ture that reflects the anatomy of its infra- 
mammalian homologue, the optic lobe. Al- 
though it is difficult to generalize functional 
studies done in subhuman mammals to the 
functions served by the human superior col- 
liculus, the available information indicates 
that the optic tectum is a center for the inte- 
gration of visual, acoustic, and other envi- 
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FiG. 11-69. The laminae of the superior colliculus based on reconstruction from Golgi preparations (A) of an 8-month 
fetus to show the cellular organization, and of Weigert-stained adult brain (B) to show the myelinated fiber structure. 
(From M. B. Carpenter, Human Neuroanatomy, 7th ed., Williams and Wilkins, Baltimore, 1976.) 
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ronmental stimuli so that appropriate reac- 
tive movements of the eyes, head, and body 
can be made. Internally, the structure of the 
superior colliculus consists of alternating 
layers of gray substance and white matter. 
These laminae have been variously named, 
but the terms most frequently used today are 
the stratum zonale, stratum griseum super- 
ficiale (or stratum cinereum), the stratum 
opticum, and the stratum lemnisci (Fig. 11- 
69). Because the stratum lemnisci is fre- 
quently subdivided into four layers itself— 
the intermediate gray and white layers and 
the deep gray and white layers—it is not 
uncommon to describe the superior collicu- 
lus as consisting of seven strata. 

The stratum zonale (I) is composed of fine, 
transversely coursing, myelinated and un- 
myelinated nerve fibers. These fibers form 
the external corticotectal pathway, which is 
derived principally from the occipital lobe 


and enters the superior colliculus by way of 
its brachium. The stratum griseum super- 
ficiale (II), or superficial gray layer (fre- 
quently called stratum cinereum), is much 
thicker than the stratum zonale and it con- 
sists of many small multipolar nerve cells. 
The neurons are arranged in such a way that 
they receive terminals from both the overly- 
ing stratum zonale and the underlying 
zonum opticum, and their axons project 
inward to deeper layers. The stratum opticum 
(II) is a fiber-rich layer that is thinner in pri- 
mates, including man, than in infraprimate 
mammals. The fibers are derived mostly 
from ganglion cells of the retina, enter the 
superior colliculus by way of its brachium, 
and terminate at least in the two adjacent 
gray layers—the superficial and intermedi- 
ate gray layers. 

The stratum lemnisci is subdivided into 
intermediate gray, intermediate white, deep 
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gray, and deep white layers. The intermedi- 
ate gray (1V) and intermediate white (V) lay- 
ers (stratum griseum medium and stratum 
album medium) are made up of masses of 
neurons and bundles of nerve fibers and 
they constitute important sites for the recep- 
tion of corticotectal fibers from the occipital 
and preoccipital cortical regions. These fi- 
bers achieve the superior colliculus by way 
of the internal corticotectal pathway; they 
are importantly involved in the coordination 
of eye movements that allow the eye to fol- 
low a moving object across the field of vi- 
sion. These layers also receive input from 
the spinal cord (spinotectal and spinotha- 
lamic paths), substantia nigra, and ventral 
thalamus. The deep gray (VI) layer and the 
deep white (VII) layer (stratum griseum 
profundum and stratum album profundum) 
are the strata closest to the periaqueductal 
gray substance. The deep gray layer consists 
of medium- to large-sized neurons that re- 
ceive input from more superficial layers, 
while the deep white layer is composed of 
fibers that form the efferent paths from the 
superior colliculus (Fig. 11-69). 

The superior colliculus receives afferent 
input from the retina. the cerebral cortex, 
the spinal cord, the ventral thalamus, the in- 
ferior colliculus, and the substantia nigra, 
while its efferent paths are distributed to the 
visual motor nuclei of the brain stem, the 
spinal cord, the pontine tegmentum, other 
sites in the midbrain, and the thalamus. 


Pretectal Region 


The pretectal region of the brain stem is 
the zone of transition between the midbrain 
and the diencephalon. It is located just ros- 
tral to the superior colliculus at the level of 
the posterior commissure, and its pretectal 
nucleus receives fibers from the optic tract 
on each side. The pretectal nucleus also re- 
ceives input from the occipital and preoc- 
cipital regions of the cerebral cortex and 
possibly even from the frontal cortex. Effer- 
ent fibers leave the pretectal nucleus to 
terminate in the Edinger-Westphal nucleus. 

The pretectal region is the important cen- 
tral relay station mediating the pupillary 
light reflex. This reflex is initiated by a 
bright light stimulus to the retina, and it is 
manifested through the parasympathetic ele- 
ments in the oculomotor nerve that synapse 
in the ciliary ganglion. This parasympathetic 
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effect causes a contraction of the sphincter 
of the iris, thereby decreasing the diameter 
of the pupil. 


Blood Supply to the Cerebellum 
and Brain Stem 


The cerebellum and brain stem, including 
the midbrain, receive their blood supply by 
way of the vertebrobasilar arterial system. 
Each of the two vertebral arteries ascends in 
the deep neck from its origin on the poste- 
rior aspect of the subclavian artery, per- 
forates the posterior occipitoatlantal mem- 
brane, and enters the posterior cranial fossa 
through the foramen magnum. On the lateral 
aspects of the first cervical segment of the 
spinal cord, the vertebral arteries pierce the 
dura mater at the level at which the first cer- 
vical nerves arise. The vessels then incline 
ventrally and medially and ascend nearly 
parallel to the longitudinally-oriented ven- 
trolateral sulci of the medulla oblongata that 
separate the pyramids from the inferior ol- 
ives. Each of the arteries passes ventral to 
the rootlets of the hypoglossal nerves; near 
or at the midline, ventral to the pontomedul- 
lary junction, the two vessels unite to form 
the basilar artery (Fig. 11-70). 

One of the two vertebral arteries, more 
frequently the left, is larger than the other. 
The posterior inferior cerebellar arteries 
usually arise from the lateral aspects of the 
vertebral arteries before the two vertebrals 
join. Each vertebral artery also gives rise to a 
vessel that joins a similar branch from the 
other side to form the anterior spinal artery; 
likewise, the posterior spinal arteries arise 
from the vertebral arteries. The rami of the 
anterior spinal artery branch ventral to, 
while the posterior spinal arteries arise 
somewhat caudal to, the origins of the poste- 
rior inferior cerebellar arteries. 


BASILAR ARTERY 


The basilar artery ascends along the basi- 
lar sulcus on the ventral aspect of the brain 
stem from the pontomedullary junction to 
the rostral border of the pons, where the ves- 
sel divides into the right and left posterior 
cerebral arteries (Fig. 11-70). The paired an- 
terior inferior cerebellar arteries branch 
from the basilar artery near the caudal bor- 
der of the pons, and the two superior cere- 
bellar arteries arise more rostrally near the 


GROSS ANATOMY OF THE CENTRAL NERVOUS 


Posterior 
cerebral artery —= 


Oculomotor nerve 


Superior 
cerebellar artery 


Pontine branches 


Basilar artery 


Ant. inferior 
cerebellar artery 


Vertebral artery 


1007 


SYSTEM 





Fic. 11-70. Photograph of the human basilar artery and its branches seen on the ventral aspect of the pons. The 
junction of the vertebral arteries in this specimen is located slightly rostral to the pontomedullary junction. (From M. 
Takahashi, in Radiology of the Skull and Brain: Angiography, edited by T. H. Newton and D. G. Potts, Vol. 2, Book 2, 


C. V. Mosby, St. Louis, 1974.) 


pontomesencephalic junction, just behind 
the point at which the basilar artery divides 
into the posterior cerebral arteries. Often the 
course of the basilar artery is tortuous or 
curved and it may show an S-shaped ascent 
on the ventral pons, in which case it may 
Slightly deviate from the midline. Its length 
varies from about 2.5cm to nearly 4.0 cm 
and its average diameter is about 4.1mm 
(Busch, 1966). 

Between the origins of the anterior infe- 
rior and superior cerebellar arteries, the bas- 
ilar artery gives off a large number of trans- 
versely coursing pontine branches that 
supply the pons and lowest parts of the mid- 
brain (Fig. 11-70). Penetrating branches de- 
rived from the vertebral arteries, the upper 
part of the anterior and posterior spinal ar- 
teries, and small vessels from the posterior 
inferior cerebellar arteries supply the me- 
dulla oblongata. Most of the arteries supply- 
ing the brain stem from these parent vessels 
are unnamed, but they can be categorized as 
median (or paramedian) branches (see Figs. 


11-74 to 11-79), which almost immediately 
penetrate the ventral median zone of the 
brain stem as they emerge from the larger 
arteries, and as the longer coursing circum- 
ferential branches, which pass laterally 
around the brain stem and from which short 
penetrating rami supply the paramedian, lat- 
eral, and dorsal zones of the brain stem 
(Gillilan, 1972). Usually four to six pairs of 
circumferential arteries branch from the lat- 
eral aspects of the basilar artery to supply 
the pons (Kaplan and Ford, 1966). The basi- 
lar artery also gives rise to the paired laby- 
rinthine arteries, which course laterally and 
enter the internal acoustic meatus on each 
side to supply the vestibulocochlear and fa- 
cial nerves, but do not contribute any blood 
supply to the brain stem. 


BLOOD SUPPLY TO THE CEREBELLUM 


The cerebellum receives its blood supply 
from three paired arterial branches that 
arise from the vertebrobasilar system: the 
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posterior inferior cerebellar arteries, the an- 
terior inferior cerebellar arteries, and the 
superior cerebellar arteries. Although there 
is some variation in the origin and course of 
these vessels, it is fair to say that most blood 
to the cerebellum comes by way of the verte- 
bral and basilar arteries. The posterior com- 
municating arteries, which link the vertebro- 
basilar system with the carotid system 
anteriorly, may be significant vessels, but 
they are usually small and their average di- 
ameter is less than 1 mm (Wollschlaeger and 
Wollschlaeger, 1974). 

POSTERIOR INFERIOR CEREBELLAR ARTERY 
The posterior inferior cerebellar artery usu- 
ally arises from the vertebral artery and sup- 
plies much of the medulla oblongata, as well 
as the lower part of the floor of the fourth 
ventricle and its choroid plexus. and much 
of the inferior aspect of the cerebellum, in- 
cluding the inferior vermis, inferior semilu- 
nar lobule, biventer lobule, and tonsil (Figs. 
11-71; 11-76). It also supplies the dentate, 
interpositus, and fastigial nuclei of the cere- 
bellum, in addition to sending branches to 
the inferior cerebellar peduncle. 

The origin and course of the posterior in- 
ferior cerebellar artery vary. Commonly, it 
branches from the vertebral artery on each 
side, about 1.5 cm below the junction of the 
two vertebrals, and usually it arises rostral 
(about 1cm) to the foramen magnum (Fig. 
11-71). The vessel may arise, however, lower 
on the vertebral artery or closer to the verte- 
bral junction, or even from the basilar artery 
itself. It may be absent (15 to 20%), in which 
case the territory of the posterior inferior 
artery is usually supplied by the anterior in- 
ferior cerebellar artery (Margolis and New- 
ton, 1974). 

From its origin, the posterior inferior cere- 
bellar artery courses laterally and superiorly 
between the rootlets of the hypoglossal and 
vagus nerves and across the inferior cerebel- 
lar peduncle, along the groove between the 
lateral aspect of the medulla and the cere- 
bellum (Fig. 11-71). As it approaches the lat- 
eral angle of the fourth ventricle, it makes a 
loop around the lateral ventricular aperture 
(foramen of Luschke), adjacent to the cere- 
bellar tonsil. It then becomes directed once 
again between the brain stem and the cere- 
bellar surface, sending branches to both the 
choroid plexus of the fourth ventricle and 
the inferior surface of the cerebellum. 

In addition to the many small branches of 


the posterior inferior cerebellar artery that 
supply the posterior and lateral aspects of 
the medulla, its terminal branches include 
the lateral and medial tonsillohemispheric 
branches, which course along the inferior 
surface of the cerebellar hemispheres, and 
the vermis branches, which course medially 
along the inferior vermis (Fig. 11-71, B). The 
lateral and medial tonsillohemispheric 
branches of the posterior inferior cerebellar 
artery supply the tonsil, the biventer lobule, 
and much of the inferior semilunar lobule. 
The vermis branches course along the cere- 
bellar vallecula between the vermis and the 
cerebellar hemisphere and supply much of 
the inferior vermis from the tuber vermis to 
the uvula (Fig. 11-71, C). 

ANTERIOR INFERIOR CEREBELLAR ARTERY. 
The anterior inferior cerebellar artery arises 
from the basilar artery but its precise site of 
branching from the main trunk varies. Most 
commonly (about 75%), it arises from the 
lower third of the basilar artery about 1 cm 
above the union of the two vertebral arteries 
(Fig. 11-72). The manner by which the paired 
vessels arise and their comparative size also 
vary. Frequently, the anterior inferior cere- 
bellar artery and the labyrinthine artery 
arise as acommon stem. When the vessels of 
the two sides are uneven in size, there is a 
compensatory enlargement or diminution in 
the size of the corresponding posterior infe- 
rior cerebellar artery (Atkinson, 1949). 

From its site of origin, the anterior inferior 
cerebellar artery courses laterally and some- 
what caudally on the ventral surface of the 
pons, just above the sulcus marking the 
pontomedullary junction. It lies more fre- 
quently ventral than dorsal to the abducens 
nerve (Fig. 11-72), and it passes to the ponto- 
cerebellar angle ventral to the facial and ves- 
tibulocochlear nerves also. In its course to- 
ward the cerebellum, it gives off fine 
branches to the pons, root branches to the 
nearby cranial nerves, a branch to the cho- 
roid plexus, and an anastomotic branch to 
the posterior inferior cerebellar artery. Be- 
yond the cerebellopontine angle, the ante- 
rior inferior cerebellar artery sends lateral 
and medial branches to supply the flocculus, 
the biventer lobule, and the inferior semilu- 
nar lobule, as well as the middle and inferior 
cerebellar peduncles (Fig. 11-72). If the pos- 
terior inferior cerebellar artery is small, the 
region supplied by the anterior inferior cere- 
bellar artery is reciprocally larger. 
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FiG. 11 71 The posterior inferior cerebellar artery. A, Solid black arrows point to the posterior inferior cerebellar 
arteries, which arise symmetrically from the vertebrals on the two sides. B, Shows the distribution of the 
tonsillohemispheric branches (black arrows) of the posterior inferior cerebellar arteries on the inferior surface of the 
cerebellum. C, The vermis branches of the posterior inferior cerebellar arteries are indicated by the open arrows and 
the medial tonsillohemispheric branches are identified by the solid black arrows. (From M. T. Margolis and T. H. 
Newton, in Radiology of the Skull and Brain: Angiography, edited by T. H. Newton and D. G. Potts, Vol. 2, Book 2, 
C. V. Mosby, St. Louis, 1974.) 
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Fig. 11-72. Pictured here is the anterior inferior cerebellar artery (AICA) and its relationship to the ventral aspect of 
the brain stem and inferior surface of the cerebellum. Note that the two vertebral arteries join to form the basilar artery 
and that the right (reader’s left) AICA arises from the basilar artery. A, The AICA is partially hidden by the flocculus, 
but its lateral and medial branches can be seen. B, The flocculus has been removed. Note also that the AICA courses 
ventral to the abducens nerve in this specimen. (From M. Takahashi, in Radiology of the Skull and Brain: Angiogra- 
phy, edited by T. H. Newton and D. G. Potts, Vol. 2. Book 2, C. V. Mosby, St. Louis, 1974.) 


SUPERIOR CEREBELLAR ARTERY. The super- 
ior cerebellar arteries (Fig. 11-73) arise from 
the basilar artery several millimeters caudal 
to the division of the basilar trunk into the 
posterior cerebral arteries. At times the ves- 
sels may be duplicated on one or even both 
sides. The vessel’s course on each side ini- 
tially parallels that of the posterior cerebral 


artery, from which it is separated by the ocu- 
lomotor nerve. Directed at first laterally 
from their origins, the superior cerebellar 
arteries then encircle the brain stem at the 
level of the pontomesencephalic junction to 
achieve the dorsal aspect of the neuraxis 
(Fig. 11-73). Along this course around the 
upper pons, perforating arteries are supplied 
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to the pons and lower midbrain, including 
the crus cerebri, and anastomoses are ef- 
fected rostrally with branches of the poste- 
rior cerebral arteries. In order to supply the 
cerebellar lobules and vermis of the superior 
part of the cerebellum, each superior cer- 
ebellar artery divides into marginal and 
hemispheric (sometimes called _ cortical) 
branches, which are directed laterally over 
the superior cerebellar surface, and the su- 
perior vermis branches, which are more 
medially oriented. 
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The marginal branch frequently arises 
from the superior cerebellar artery on the 
lateral aspect of the pons (Fig. 11-73). It con- 
tinues to course posteriorly, alongside the 
main trunk of the artery, and then it turns 
acutely laterally to reach the upper lateral 
margin of the cerebellum. Just above the 
horizontal fissure of the cerebellum, the 
marginal branch courses backward to sup- 
ply the lateral portions of the quadrangular 
lobule, lobulus simplex, and superior semi- 
lunar lobule. Two or three hemispheric 
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Fic. 11-73. The superior cerebellar artery (SCA). The superior surface of the cerebellum and the transversely severed 
upper pons are viewed from above. A, Observe the two superior cerebellar arteries branching from the basilar 
artery, encircling the brain stem, and dividing into marginal, hemispheric, and vermis branches on the superior surface 
of the cerebellum. B, Roentgenogram of the specimen in A. (From H. B. Hoffman, M. T. Margolis, and T. H. Newton, in 
Rodiology of the Skull ond Broin: Angiography, edited by T. H. Newton and D. G. Potts, Vol. 2, Book 2, C. V. Mosby, St. 
Louis, 1974.) 
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Fig 11 74 


Angiogram of the midbrain, pons, and medulla seen in a longitudinal section of the human brain stem 


along the midline. Note the different angles formed by the median arteries as they supply the different levels. In the 
lower midbrain and upper pontine regions they course more caudally: in the midpontine region they converge toward 
the fourth ventricle at nearly right angles, while in the caudal pons and upper medulla the vessels are oriented in a 
somewhat rostral direction. (From O. Hassler, Neurology, 17: 368-375, 1967.) 


branches of the superior cerebellar artery 
arise beyond the origin of the marginal 
branch (Fig. 11-73). After reaching the supe- 
rior cerebellar surface, they course back- 
ward over the cerebellar cortex to supply 
the medial two-thirds of all the lobules supe- 
rior to the horizontal fissure. Finally, each 
superior cerebellar artery terminates dor- 
sally and medially in two or three superior 
vermis branches (Fig. 11-73, A). These 
course backward along the upper surface of 
the superior vermis, close to the midline, and 
send penetrating branches into the superior 
vermis from the lingula rostrally to the 
folium vermis caudally. 


BLOOD SUPPIY 10 THE BRAIN STEM 


The blood supply to the medulla, pons, 
and midbrain is derived from median ar- 
teries that pierce the ventral brain stem near 
its midline and from other vessels that pene- 
trate the brain stem more laterally and dor- 
sally (Fig. 11-74). In this manner, a pattern of 
four zones has been described that can be 
generalized for cross sections of the brain 
stem at any level. These zones are a median 
zone, which is supplied by the median ar- 
teries that enter the brain stem ventrally 
near the midline, and the paramedian, Iat- 
eral, and dorsal zones, which are supplied by 
vessels that pierce the brain stem ventro- 
laterally, laterally, and dorsolaterally re- 


spectively (Fig. 11-75). These vessels may be 
circumferential branches coursing around 
the brain stem from their origin ventrally, or 
they may be short penetrating arteries de- 
rived from larger named vessels coursing 
through the region. 

MEDULLA OBLONGATA. The median zone of 
the entire medulla oblongata receives its 
blood supply by way of median vessels that 
branch from the anterior spinal artery (Fig. 
11-76). The paramedian and lateral regions 
of the lower medulla also receive penetrat- 
ing vessels from the vertebral artery. Like- 
wise, the paramedian zone of the upper half 
of the medulla receives its branches from the 
vertebral artery. The dorsal region of the 
medulla receives its penetrating arteries by 
way of the posterior spinal arteries and by 
way of the posterior inferior cerebellar ar- 
teries (Fig. 11-77). 

pons. The pons is supplied by median, 
short circumferential, and long circumferen- 
tial branches of the basilar artery, as well as 
by dorsolaterally penetrating branches from 
the anterior inferior cerebellar artery and 
the superior cerebellar artery (Fig. 11-78). 
Thus, the median zone of the pons receives 
median penetrating branches from the basi- 
lar artery that enter the basilar sulcus of the 
ventral brain stem near the midline. The 
paramedian zone receives the short circum- 
ferential branches of the basilar artery, 
which initially course to the ventrolateral 
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fits, 11-75 Diagrammatic cross sections through the 
brain stem illustrating representative levels of the me- 
dulla (lower two), pons (middle two), and midbrain (up- 
permost two) on the left, and the four intrinsic arterial 
zones on the right. Cross sections to be compared with 
those in Figures 11-77 to 11-79. Vertical lines, median 
zone; horizontal lines, paramedian zone; stippled region, 
lateral zone; cross-hatched region, dorsal zone. (From L. 
A. Gillilan, in Handbook of Clinical Neurology, edited 
by J. P. Vinken and G. W. Bruyn, American Elsevier, 
New York, 1972.) 


aspect of the pons before piercing the neural 
tissue. The lateral zone in the lower pons is 
supplied by lateral penetrating branches of 
the anterior inferior cerebellar artery; in the 
midpontine region, the lateral zone receives 
long circumferential branches of the basilar 
artery, and in the upper pontine region, it 
receives penetrating branches from the su- 
perior cerebellar artery. No large dorsal 


ANATOMY | 


1013 


zone comparable to that seen in the lower 
medulla and midbrain exists in the pons 
because of the position of the fourth ventri- 
cle, but its dorsolateral region is also 
reached by long circumferential vessels 
from the basilar artery or by penetrating 
branches from the superior cerebellar ar- 
tery. 

MIDBRAIN. The mesencephalon receives 
its arterial supply through branches derived 
mostly from the superior cerebellar artery 
and the posterior cerebral artery, but some 
vessels from the posterior communicating 
arteries and from the posterior choroidal 
branch of the posterior cerebral artery also 
supply it. 

The median zone of the midbrain receives 
its median penetrating branches from three 
sources: the basilar artery at its point of bi- 
furcation, the proximal parts of the two pos- 
terior cerebral arteries, and the posterior 
communicating arteries (Fig. 11-79). The par- 
amedian zone of the mesencephalon re- 
ceives short circumferential arteries and 
penetrating branches from the proximal 
parts of the posterior cerebral and superior 
cerebellar arteries. The lateral mesence- 
phalic region also receives long circumfer- 
ential branches from the posterior cerebral 
arteries and penetrating branches from the 
superior cerebellar artery as that vessel 
courses around the midbrain (Fig. 11-80). 
The dorsal or tectal zone of the midbrain 
receives long circumferential branches from 
the posterior cerebral artery, penetrating 
branches from the superior cerebellar ar- 
tery, and other penetrating branches from 
the posterior choroidal branch of the poste- 
rior cerebral artery. 


VENOUS DRAINAGE OF THE BRAIN STEM AND 
CEREBELLUM 


The veins that drain the substance of the 
brain are thin-walled and contain no valves. 
Venous blood courses toward the surface 
where the venous channels are frequently 
more superficial to the arterial vessels. These 
usually drain into larger named channels, 
which eventually flow into the sinuses of the 
dura mater. For the most part, venous blood 
from the posterior cranial fossa leaves the 
cranial cavity by way of the internal jugular 
vein or the basilar plexus, which flows cau- 
dally into the internal vertebral plexus of 
veins within the spinal column. 
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Fic. 11-76. The intrinsic arterial blood supply to the medulla oblongata. A, Diagrammatic representation of the 
median and other penetrating vessels supplying the median, paramedian, lateral, and dorsal zones of the medulla at 
the level of the nuclei gracilis and cuneatus. B, Angiogram of the medulla about 2.0 cm below the pontomedullary 
junction. Note that the median artery bends around the decussation of the pyramids. C, Schema of the intrinsic arteries 
at the level of the inferior olive in the more rostral medulla. D, Angiogram taken in the upper part of the medulla 3 
to 7 mm below the pontomedullary junction. (A and C from L. A. Gillilan, 1972; B and D from O. Hassler, 1967.) 
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Fic. 11-77. The dorsal aspect of the medulla oblongata at the level of the obex, viewed from above with the 
cerebellum elevated and its hemispheres spread apart. Observe the penetrating branches of the posterior inferior 
cerebellar arteries supplying the dorsolateral medulla (solid arrows) and other branches (open arrows) supplying the 
tela choroidea. (from M. T. Margolis and T. H. Newton in Radiology of the Skull and Brain: Angiography, edited by 
T. H. Newton and D. G. Potts, Vol. 2, Book 2, C. V. Mosby, St. Louis, 1974.) 
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Fic. 11-78. The intrinsic arterial blood supply to the 
pons. A and B, Diagrammatic cross sections of the pons 
at the level of the abducens nucleus (A) and more ros- 
trally (B), showing its median and other penetrating ar- 
teries, which supply the median, paramedian, lateral, 
and dorsal zones. C, Angiogram of the pons seen in cross 
section about 1cm below the pontomesencephalic bor- 
der. (A and B from L. A. Gillilan, 1972; C from O. 
Hassler, 1967.) 


BRAIN STEM. Most of the blood from the 
substance of the midbrain drains laterally 
and anteriorly into the basal vein; however, 
venous drainage from the dorsal midbrain 
region is into the great cerebral vein. Venous 
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Fig. 11-79. The intrinsic arterial blood supply to the 
midbrain. A and B, Diagrammatic cross sections of the 
midbrain at the level of the inferior colliculus (A) and 
superior colliculus (B), showing the blood supply to the 
median, paramedian, lateral, and dorsal zones. C, Cross 
section of an angiogram of the midbrain, about 4mm 
above the pontomesencephalic border. (A and B from L. 
A. Gillilan, 1972; C from O. Hassler, 1967.) 


drainage from the pons is into superficial 
plexuses, which then drain laterally and 
ventrally into the inferior petrosal sinuses 
and the basilar plexus of veins in the floor of 
the cranial cavity. Venous blood from the 





Perforating branches 
arising from ambient 
segment of SCA 
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branches arising from 
proximal SCA 


Fig. 11-80. In this specimen (viewed from above), the brain stem has been severed near the pontine-mesencephalic 
junction. Observe the multiple perforating (penetrating) branches of the superior cerebellar arteries, which supply the 
median, paramedian, and lateral zones of the upper pons and lower midbrain. (From H. B. Hoffman, M. T. Margolis, 
and T. H. Newton in Radiology of the Skull and Brain: Angiography, edited by T. H. Newton and D. G. Potts, Vol. 2, 


Book 2, C. V. Mosby, St. Louis, 1974.) 


medulla oblongata drains into the anterior 
and posterior spinal veins inferiorly, as well 
as into the occipital and basilar sinuses. 
cereseLtum. The veins from the sub- 
stance of the cerebellum drain toward the 
cerebellar surfaces to form superior and in- 
ferior median veins that drain the vermal 
regions and the medial portions of the cere- 
bellar hemispheres. The superior median 
vein drains into the great cerebral vein, 
while the inferior median vein flows into the 
straight sinus. The veins on the more lateral 


aspects of the superior and inferior cerebel- 
lar surfaces drain into the transverse, supe- 
rior petrosal, and occipital sinuses. 


THE DIENCEPHALON 


The diencephalon is the region of the 
brain that is interposed between the mesen- 
cephalon, or uppermost part of the brain 
stem, and the telencephalon, which consists 
principally of the greatly expanded cerebral 
hemispheres (Figs. 11-81; 11-82). Together, 
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the diencephalon and telencephalon form 
the prosencephalon, which develops from 
the forebrain vesicle around a cavity that is 
to become the third ventricle and its inter- 
communicating lateral ventricles. The upper 
surface of the diencephalon is concealed 
beneath the corpus callosum and is covered 
by a fold of pia mater called the tela 
choroidea of the third ventricle; inferiorly 
the diencephalon reaches the base of the 
brain. The diencephalon extends from the 
pretectal region caudally, just behind the 
mammillary bodies and at the level of the 
posterior commissure, to a plane rostrally as 
far as the interventricular foramen and optic 
chiasma. On each side the diencephalon is 
separated from other prosencephalic struc- 
tures situated laterally and rostrally by the 
internal capsule (Fig. 11-84). Also located 
dorsolaterally are the tail of the caudate nu- 
cleus and the stria terminalis. The right and 
left halves of the diencephalon are separated 
by the narrow, vertically oriented, slit-like 
cavity of the third ventricle, with the excep- 
tion of the interthalamic adhesion, which is 
located just caudal to the interventricular 
foramen, where the two median surfaces are 
frequently, but not always, joined (Fig. 11-84). 

Coursing longitudinally along the lateral 
wall of the third ventricle is the hypotha- 
lamic sulcus. This sulcus, which can best be 
seen in a median sagittal view of the fore- 
brain, extends forward from the lateral wall 
of the cerebral aqueduct at the level of the 
posterior commissure and ‘to the rostral end 
of the diencephalon as far as the interven- 
tricular foramen (Fig. 11-82). Serving as an 
anatomic landmark and perhaps even as the 
rostral extension of the sulcus limitans sepa- 
rating the alar and basal plates, the hypotha- 
lamic sulcus divides the diencephalon on each 
side into dorsal and ventral parts. The dorsal 
part of the diencephalon consists of the dorsal 
thalamus (frequently referred to simply as the 
thalamus), the metathalamus, consisting of the 
medial ind lateral geniculate bodies, and the 
epithalamus; the ventral part of the diencepha- 
lon includes the subthalamus and the hypo- 
thalamus. 


Dorsal Thalamus 


On each side the dorsal thalamus consists 
of a large ovoid mass about 4 cm long that 
forms most of the lateral wall of the third 
ventricle and extends caudally for some dis- 
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tance beyond that cavity. Its external form 
can be described as consisting of anterior 
and posterior extremities and of superior, 
medial, inferior, and lateral surfaces (Fig. 
11-83). The medial and superior thalamic 
surfaces are exposed to the ventricles, 
whereas the inferior and lateral surfaces lie 
adjacent to other neural structures. 

The anterior or rostral extremity is nar- 
row, lies close to the midline, and on each 
side forms the posterior boundary of the in- 
terventricular foramen. 

The posterior extremity is expanded and, 
on each side, directed backward and later- 
ally to extend over the superior colliculus 
and its brachium. The pineal body is situ- 
ated between the two rounded, medially 
prominent, posterior portions called the 
pulvinars. The inferolateral aspect of the 
posterior extremity presents an oval swel- 
ling, the lateral geniculate body, while be- 
neath the pulvinar and separated from it by 
the brachium of the superior colliculus is the 
medial geniculate body. The geniculate bod- 
ies constitute the metathalamus. 

The superior or dorsal surface (Fig. 11-81) 
is slightly convex and freely adjoins the ven- 
tricular cavities. It is covered by a layer of 
white matter called the stratum zonale and 
is separated laterally from the caudate nu- 
cleus by a band of white fibers, the stria ter- 
minalis, and by the thalamostriate vein. The 
superior surface is divided into medial and 
lateral parts by an oblique shallow furrow 
that corresponds in position to the lateral 
margin of the overlying fornix. The broader 
lateral part of the superior surface forms the 
floor of the lateral ventricle and is covered 
by the ependymal lining of that cavity. The 
narrower medial part is covered by the tela 
choroidea of the third ventricle, which also 
separates it from the overlving fornix. Ante- 
riorly, the supcrior surface is separated from 
the medial surface by a raised ridge formed 
by the reflection of the ependyma of the 
third ventricle. called the taenia thalami, 
which becomes slightly more emphasized by 
the underlying stria medullaris thalami. Pos- 
teriorly, the taenia thalami and stria medul- 
laris converge toward the midline near the 
stalk of the pineal body (Fig. 11-81). 

The inferior surface of the thalamus rests 
on and is continuous with the upward pro- 
longation of the tegmentum of the midbrain, 
the subthalamus; more rostrally, it rests on 
the hypothalamus. 
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Fic. 11-81. A horizontal section through both cerebral hemispheres, exposing the dorsal thalamus and the third 
ventricle as viewed from above. Most of the corpus callosum, along with the columns of the fornix and the tela 
choroidea of the third ventricle, has been removed. The left temporal lobe has been dissected as deep as the inferior 
horn of the lateral ventricle, thereby exposing more completely the hippocampal formation. (After Sobotta.) 


The protruding medial surface of the thal- 
amus on cach side constitutes the upper part 
of the lateral walls of the third ventricle. As 
mentioned previously, the two medial sur- 
faces are frequently joined by a flattened 
gray band, the interthalamic adhesion (for- 
merly called the massa intermedia). This 
surface is also marked by the longitudinally 
oriented hypothalamic sulcus. 

The lateral surface of the thalamus is in 
contact with a thick band of white fibers that 
forms the occipital part or posterior limb of 


the internal capsule; the thalamus is thereby 
separated from the lentiform nucleus of the 
corpus striatum. 

GENERAL STRUCTURE AND NUCLEAR 
Groups. The thalamus consists chiefly of 
gray substance, but its superior surface is 
covered by a layer of white substance, 
named the stratum zonale. Laterally, next to 
the reticular nucleus and the internal cap- 
sule, lies a similar thin layer of white sub- 
stance termed the external medullary lam- 
ina. Internally, the thalamic gray substance 
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Fic. 11-82. A midsagittal section through the brain in the region of the diencephalon and midbrain, showing the 
thalamic and hypothalamic structures that bound the third ventricle. Note the cerebral aqueduct interconnecting the 
fourth ventricle with the third ventricle. (From E. C. Crosby, T. Humphrey and E. W. Lauer, Correlative Anatomy of 
the Nervous System. The Macmillan Co., New York, 1962.) 


is subdivided into three parts—anterior, me- 
dial, and lateral—by a vertical septum of 
white matter, the internal medullary lamina. 
As this septum passes forward, it bifurcates 
and then partially surrounds the anterior 
thalamic region. Although each of the three 
principal thalamic parts contains large neu- 
ronal masses, they are further subdivided 
into smaller nuclear groups to facilitate their 
description and understanding. The plans by 
which the thalamic nuclei have been subdi- 
vided vary somewhat according to different 
authors, but generally the nuclear groups 


con be listed as follows: anterior, midline, 
medial, intralaminar, lateral, ventral, and the 
thalamic reticular nucleus (Fig. 11-83). 


NUCLE] OF THE DORSAL THALAMUS 


ANTERIOR THALAMIC NUCLE!. There are 
ihree nuclei usually described in the ante- 
rior group: anterior dorsal, anterior ventral, 
and anterior medial; they form a distinct 
knob-like swelling on the anterior dorsal 
surface of the thalamus called the anterior 
thalamic tubercle (Fig. 11-81). The anterior 
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ventral nucleus is the largest of the nuclei in 
the anterior group, and the group as a whole 
is separated from the remainder of the thala- 
mus by the diverging limbs of the internal 
medullary lamina. The distinctness of the 
three nuclei in the anterior group is more 
marked in lower animals, but in the subhu- 
man primate and in the human thalamus, the 
demarcation between the anterior ventral 
and anterior medial nuclei is less clear. The 
anterior dorsal nucleus forms a long, narrow 
eroup of cells on the dorsomedial surface of 
the anterior ventral nucleus. 

The anterior thalamic nuclei receive fibers 
from the mammillary bodies by way of the 
mammillothalamic tracts (Fig. 11-84) and 
probably send some thalamomammillary 
fibers back to the mammillary bodies in the 
same bundle. They also receive large num- 
bers of fibers directly from the fornix and 
communicate intrathalamically with nuclei 
in both the medial and lateral thalamic 
groups. Thalamocortical efferent fibers from 
the anterior nuclei project to areas 23, 24, 
and 32 of the cingulate gyrus by way of the 
anterior limb of the internal capsule. Thus, 
the anterior nuclei form a relay station for 
impulses from the mammillary bodies to the 
cingulate gyrus; corticothalamic fibers also 
project back to the anterior nuclei from the 
cingulate gyrus. Other fibers from the 
cingulum course to the entorhinal cortex, 
which in turn projects to the hippocampus. 
Impulses coursing along this latter path 
could subsequently influence cells in the 
anterior nucleus by way of the fornix-mam- 
millary body-mammillothalamic path. 

MIDLINE NUCLEI. The nuclei of the midline 
(Fig. 11-83) consist of clusters of cells that 
form the periventricular gray substance bor- 
dering the third ventricle; they also contrib- 
ute to the structure of the interthalamic ad- 
hesion. They are considerably less well 
developed in the thalami of subhuman pri- 
mates and man than in those of lower verte- 
brates, where, in fact, they form a large part 
of the thalamus. In the human thalamus. 
small nuclear masses representative of the 
more prominent nuclei in submammalian 
species can frequently be recognized. These 
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include the parataenial nucleus, found ven- 
tral and medial to the stria medullaris; the 
paraventricular nuclei (anterior and poste- 
rior), juxtaposed to the third ventricle on 
the dorsomedial wall of the thalamus; and 
remnants of the nucleus reuniens, nucleus 
centralis medialis, and the nucleus rhom- 
boidalis, located near or within the inter- 
thalamic adhesion. 

The midline nuclei have some intercon- 
nections with the preoptic and hypotha- 
lamic zones ventral to the thalamus and with 
other nuclei of the thalamus, such as the 
dorsomedial nucleus and the nuclei of the 
intralaminar group. In lower forms, where 
the midline nuclei are better developed, 
there appears to be evidence of interconnec- 
tions with the corpus striatum and probably 
with other regions of the neuraxis as well. 
Although much more needs to be learned 
about the anatomy and physiology of these 
phylogenetically old structures, there is con- 
jecture that they may in some manner be re- 
lated to other structures in the brain that as- 
sist in the regulation of visceral functions. 

MEDIAL NUCLEI The medial thalamic 
nuclear group (Fig. 11-83) consists of those 
cellular masses that are bounded laterally by 
the internal medullary lamina and medially 
by small collections of neurons that lie adja- 
cent to the third ventricle. The nucleus me- 
dialis dorsalis (frequently called the dorso- 
medial nucleus) is the largest of the nuclei in 
this group; it is a prominent mass of cells 
that extends rostrocaudally for a distance of 
nearly 2 cm. In some descriptions, the cen- 
tromedian, parafascicularis, paracentralis, 
and centralis lateralis nuclei are included in 
the medial group; however, they are classi- 
fied in the intralaminar nuclear group in this 
account. Thus, from this nuclear group, only 
the nucleus medialis dorsalis is detailed fur- 
ther. 

The nucleus medialis dorsalis (Fig. 11-85) 
consists of a magnocellular portion, contain- 
ing relatively large polygonal cells located 
rostromedially, and a parvocellular part, 
containing clusters of small cells found 
caudolaterally. This nucleus is more prom1i- 
nent in primates than in lower forms. It be- 


Fic. 11-83. Diagrammatic representations of the human thalamus, showing the principal nuclei from a dorsal view 
(A) and a medial view (B). The anterior, midline, and medial nuclei are shown as groups. Dark blue: Nuclei thought to 
have subcortical connections only. Green: Nuclei that project to association regions of the cerebral cortex. Orange: 
Specific relay nuclei. (From Benninghoff and Goerttler, Lehrbuch der Anatomie des Menschen, 9th Ed., Vol. 3, Urban 


and Schwarzenberg, Munich, 1975.) 
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gins rostrally near the level of the anterior 
medial nucleus and extends caudally as far 
as the habenular complex. It is known to in- 
terconnect with the nucleus centromedianus, 
the amygdala, the parolfactory area, the an- 
terior perforated substance, and the corpus 
striatum. Its interconnections with the hypo- 
thalamus, preoptic region, and especially the 
frontal cortex, however, are most significant. 
The medial portion of the nucleus medialis 
dorsalis both receives and sends fibers to the 
preoptic region and to the hypothalamus by 
way of the diencephalic periventricular sys- 
tem, and it also has connections with corti- 
cal areas 11 and 12 on the orbital surface of 
the frontal lobe. Profuse projections from 
the parvocellular portion of the nucleus 
medialis dorsalis are directed by way of the 
inferior thalamic radiation to the entire pre- 
frontal cortex on the lateral surface of the 
cerebral hemisphere (areas 10, 11, 44, 45, 46, 
and 47), as well as to the cortex of the tempo- 
ral operculum (areas 40 and 42). Likewise, 
there are massive corticothalamic projec- 
tions to the nucleus medialis dorsalis from 
the prefrontal cortex. 

INTRALAMINAR NUCLEI. The intralaminar 
nuclei are so designated because they are 
cellular groups that anatomically are adja- 
cent to or intermingled with the fibers of the 
internal medullary lamina and thereby sepa- 
rate the medial from the lateral thalamic 
masses, and because they are considered not 
to have specific projections to the cerebral 
cortex. In this classification, the intralaminar 
nuclear group includes the centromedian, 
parafascicular, paracentral, central lateral, 
and limitans nuclei. Certain other descrip- 
tions include several of these nuclei in the 
medial thalamic nuclear group. 

The nucleus centromedianus is situated in 
the middle third of the thalamus and is sur- 
rounded by fibers of the internal medullary 
_lamina, except medially where it merges 
without any definite boundary with the cells 
of the parafascicular nucleus (Figs. 11-82; 
11-85). This nucleus is more prominent in 
subhuman primates and man than in lower 
mammals. Some authors divide the nueleus 
into different parts on the basis of its cellular 
components, but the significance of this is 
less than clear. The centromedian nucleus is 
not believed to send direct fiber connections 
to the cerebral cortex, even though physio- 
logic studies show a profound functional re- 
lationship between this nucleus and the cer- 


ebral cortex; it does, however, project to the 
caudate nucleus and the putamen. Afferent 
fibers to the nucleus appear to come from 
many sources, including ascending fibers 
from the reticular formation of the brain 
stem, perhaps from the spinothalamic paths 
and the trigeminal system, and from the cer- 
ebellum, as well as descending fibers from 
the cerebral cortex and globus pallidus. 

The nucleus parafascicularis is a promi- 
nent collection of neurons located medial to 
the posterior part of the nucleus centro- 
medianus and ventral to the caudal portion 
of the nucleus medialis dorsalis (Fig. 11-83). 
The fasciculus retroflexus or habenuloped- 
uncular tract crosses the medial part of this 
nucleus, but the two structures are not 
thought to be functionally related. The 
paracentral nucleus consists of scattered 
cells located along the internal medullary 
lamina, anterior to the nucleus centrome- 
dianus. The nucleus centralis lateralis is 
found within the internal medullary lamina 
behind the paracentral nucleus and lateral 
to the nucleus medialis dorsalis. The nucleus 
limitans is a band of neurons found between 
the suprageniculate nucleus and the nucleus 
medialis dorsalis. The anatomic connections 
of these smaller intralaminar nuclei also 
have not, as yet, been determined with satis- 
faction. 

LATERAL NUCLEI. The lateral group of tha- 
lamic nuclei in this description includes the 
dorsolateral region of the thalamus, which 
extends rostrocaudally from a site some- 
what behind the anterior limit of the thala- 
mus to its extreme posterior pole. This tha- 
lamic region contains the nucleus lateralis 
dorsalis, the nucleus lateralis posterior, and 
the greatly expanded pulvinar. 

The nucleus lateralis dorsalis and the nu- 
cleus lateralis posterior lie in the dorsolat- 
eral thalamus, lateral to the internal medul- 
lary lamina, with the nucleus lateralis 
dorsalis anterior to the nucleus lateralis pos- 
terior (Fig. 11-83). There is good evidence to 
indicate that the nucleus lateralis dorsalis 
projects to the inferior parietal and posterior 
cingulate regions of the cerebral cortex, 
while the nucleus lateralis posterior projects 
largely to the parietal cortex, behind the 
postcentral gyrus. Both nuclei also receive 
corticothalamic fibers as well as intercon- 
necting fibers from other adjacent thalamie 
nuclei. 

The pulvinar is a large nuclear mass that 
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forms nearly the entire caudal end of the 
thalamus (Fig. 11-83). It overlies the genicu- 
late bodies as well as the dorsolateral aspect 
of the mesencephalic tectum. A phylogenet- 
ically recent structure, it is best developed in 
the subhuman primate and in the human 
brain, although it can also be seen in the 
thalami of carnivores and other mammals. 
The pulvinar is usually divided into lateral, 
medial, and inferior nuclei on the basis of 
topography and cytoarchitecture. The lat- 
eral nucleus comprises the lateral part of the 
pulvinar and it lies dorsal to the lateral ge- 
niculate body. The medial nucleus is larger 
and nearly twice the volume of the lateral 
nucleus, while the inferior nucleus is also 
relatively large but lies more ventrally be- 
tween the medial and lateral geniculate bod- 
ies. The pulvinar probably receives most of 
its afferent fibers from other thalamic nuclei 
such as the medial and lateral geniculate 
bodies, the nucleus lateralis posterior, and 
possibly even the nearby intralaminar nu- 
clei. The pulvinar projects widely to the cer- 
ebral cortex of the parietal, occipital, and 
temporal lobes. 

VENTRAL NUCLE!. The ventral thalamic 
nuclear mass is most frequently divided into 
three nuclei: the nucleus ventralis anterior, 
the nucleus ventralis lateralis, and the nu- 
cleus ventralis posterior. The large and im- 
portant nucleus ventralis posterior is subdi- 
vided further into the nucleus ventralis 
posteromedialis (VPM) and the nucleus ven- 
tralis posterolateralis (VPL). 

The nucleus ventralis anterior is the most 
rostral part of the ventral nuclear group; it is 
located lateral to the anterior nuclear group 
(Fig. 11-83). It is bounded medially by the 
internal medullary lamina (which separates 
it from the anterior nuclei) and ventrolaterally 
by the reticular nucleus. Rostrocaudally, it 
extends from nearly the anterior end of the 
thalamus to only the midregion level of the 
anterior nuclei, where it is then bounded 
behind by the nucleus ventralis posterior. 
The nucleus ventralis anterior receives affer- 
ent fibers from the globus pallidus by way of 
the thalamic fasciculus. Additionally, this 
nucleus has connections with the intrala- 
minar and midline thalamic nuclei and it 
receives other afferent fibers from the reticu- 
lar formation and from the substantia nigra 
of the mesencephalon. Although there are 
conflicting views with respect to the thala- 
mocortical projections from the nucleus 
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ventralis anterior, many authors have of- 
fered evidence to suggest projections to 
areas 6 and 4, the frontal lobes, and the insu- 
lar lobe. In turn, corticothalamic fibers to the 
nucleus have also been described. 

The nucleus ventralis lateralis is located 
behind the nucleus ventralis anterior and 
gradually replaces it without a sharp line of 
demarcation. Laterally it is bounded by the 
nucleus reticularis and the external medul- 
lary lamina; medially are found the internal 
medullary lamina and the intralaminar nu- 
clei (Fig. 11-83). Behind the nucleus ventralis 
lateralis are located the parts of the nucleus 
ventralis posterior, i.e, the large nucleus 
ventralis posterolateralis and the smaller 
nucleus ventralis posteromedialis. Some 
authors have described various subdivisions 
of the nucleus ventralis lateralis based on 
cytoarchitecture, but these will not be de- 
tailed here. The nucleus ventralis lateralis 
has interconnections with midline and 
intralaminar nuclei in the thalamus. Afferent 
fibers to the nucleus ventralis lateralis are 
derived from the contralateral dentate nu- 
cleus of the cerebellum and course through 
the superior cerebellar peduncle. Other as- 
cending fibers are derived from the red nu- 
cleus, while descending fibers reach the nu- 
cleus ventralis lateralis from the globus 
pallidus as well as from cortical areas 4 and 
6. Efferent thalamocortical fibers project to 
motor and premotor areas 4 and 6 in a 
somatotopic manner. 

The nucleus ventralis posterior is the larg- 
est of the nuclear masses in the ventral part 
of the thalamus. It commences somewhat 
rostral and lateral to the nucleus centro- 
medianus and continues back to the pulvinar 
as the posterior part of the ventral thalamus 
(Fig. 11-83). Its lateral boundary is the exter- 
nal medullary lamina and the nucleus retic- 
ularis. The nucleus ventralis posterior serves 
aS an important sensory relay nucleus, and 
as such is subdivided into the smaller ven- 
tral posteromedial nucleus and the large 
ventral posterolateral nucleus. 

The nucleus ventralis posteromedialis 
(VPM) lies adjacent to the lateral and ventral 
aspects of the rounded nucleus centrome- 
dianus and therefore was formerly called 
the semilunar or arcuate nucleus (Figs. 11-83; 
11-85). It is located medial to the nucleus 
ventralis posterolateralis and ventral to the 
nucleus lateralis posterior. On the basis of 
cytoarchitectural and physiologic data, a 
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Fic. 11-84 Frontal section through the thalamus and corpus striatum at the level of the mammillary body and 
mammillothalamic tract. Weigert myelin stain. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 
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Fic 1185 Frontal section through the thalamus and rostral midbrain at the level of the red nucleus, as indicated by 
the diagrain at the lower right. Weigert myelin stain. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 


small-celled or parvocellular region is now 
considered to be the thalamic relay nucleus 
for secondary neurons of the taste pathway; 
these neurons probably originate in the nu- 
cleus solitarius of the lower brain stem or 
from a site in the pons called the pontine 
taste region. The remainder of VPM contains 
larger neurons and serves as the thalamic 
relay nucleus for both crossed and un- 
crossed secondary sensory trigeminal sys- 
tem fibers, which transmit somatosensory 
information from the face and head; this in- 
formation is then received in the nucleus 
somatotopically. Efferent thalamocortical 
fibers from VPM course in the posterior limb 
of the internal capsule and project somato- 
topically to the head and face sensory re- 
ceiving areas of the postcentral gyrus in the 
cerebral cortex. 

The nucleus ventralis posterolateralis 
(VPL) forms the large lateral part of the nu- 
cleus ventralis posterior. It is situated rostral 
to the pulvinar and immediately lateral to 
the nucleus ventralis posteromedialis; it con- 
sists of large, sparsely distributed, easily 
stained neurons. It is to the VPL thalamic nu- 
cleus that the fibers of the medial lemniscus 
and the spinothalamic tracts project, but it 
should be stated that the terminations of the 
fibers from these tracts account for only a 
small percentage of the synapses in VPL. 
Other afferent fibers in VPL are derived from 
the mesencephalic reticular formation, the 
midline and reticular nuclei of the thalamus, 
the medial telencephalic fasciculus (medial 
forebrain bundle), as well as many corticof- 
ugal fibers from the somatosensory cortex. 
Thus, according to Brodal (1981), it would be 
an oversimplication to consider the VPL as 
purely a relay nucleus for impulses from the 
dorsal column nuclei and spinothalamic 
tracts. The pattern by which fibers transmit- 
ting impulses of the various modalities term- 
inate on VPL neurons is a question that has 
been complicated over the past 25 years by 
the use of various anesthetics and by an at- 
tempt to compare findings from different 
species. Efferent fibers from the nucleus 
ventralis posterolateralis project to the sen- 
sory receiving areas of the postcentral gyrus, 
as do those from the nucleus ventralis 
posteromedialis. 

RETICULAR NUCLEUS OF THE THALAMUS. The 
reticular nucleus of the thalamus is a thin, 
curved band of large nerve cells, situated 
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between the external medullary lamina and 
the internal capsule (Fig. 11-83). It forms a 
cellular shell that envelopes much of the 
anterior two-thirds of the thalamus on its 
dorsolateral, lateral, and ventrolateral as- 
pects. Although the reticular nucleus is fre- 
quently described as part of the dorsal thala- 
mus, it is a derivative of the ventral thalamus 
(subthalamus) and its substance is continu- 
ous ventrally with the zona incerta. Many 
afferent fibers reach the nerve cells of the 
reticular nucleus from the cerebral cortex in 
an apparently topographic manner, but the 
efferent projection from the reticular nu- 
cleus is not to the cortex. Instead its neurons 
send fibers caudally to the reticular forma- 
tion of the mesencephalon and to other tha- 
lamic nuclei. The precise manner by which 
this nucleus alters cortical activity is ob- 
scure, yet its electrical stimulation causes 
marked changes in the pattern of the electro- 
encephalogram. 


The Metathalamus 


The metathalamus is the region of the di- 
encephalon composed principally of the 
medial and lateral geniculate bodies, which 
serve as important relay nuclei in the audi- 
tory and visual pathways. Some authors 
classify the geniculate bodies as structures 
in the posterior part of the dorsal thalamus, 
along with the pulvinar; however, because 
they lie at the interface between the mid- 
brain and the diencephalon in a region that 
also contains a certain amount of pretectal 
tissue, the term metathalamus will be re- 
tained in this description. 

MEDIAL GENICULATE BODY. The medial 
geniculate body is a small oval tubercle that 
lies, on each side, under the pulvinar of the 
dorsal thalamus and on the lateral aspect of 
the superior colliculus (Figs. 11-64; 11-65; 
11-83). It is, however, connected to the infe- 
rior colliculus by a prominent bundle of fi- 
bers called the brachium of the inferior col- 
liculus. Internally, the nerve cells that form 
the medial geniculate nucleus serve to relay 
impulses along the central auditory pathway 
from fibers ascending in the lateral lemnis- 
cus and the brachium of the inferior collicu- 
lus to the auditory receiving areas of the 
temporal lobe. The efferent medial geniculo- 
cortical projection reaches the cerebral cor- 
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tex by way of the auditory radiation in the 
posterior portion of the internal capsule. 
Careful cytoarchitectural studies of the 
medial geniculate complex have demon- 
strated the probability that morphologic and 
functional subdivisions exist within the 
medial geniculate nucleus. Analyses of 
Golgi-impregnated material (in the cat) led 
Morest (1964, 1965) to subdivide the medial 
geniculate nucleus into medial, dorsal, and 
ventral parts, all of which are nonlaminated 
except for a portion of the ventral part. Cells 
in the laminated region of the ventral part 
serve as the principal auditory relay station, 
receiving input from the central nucleus of 
the inferior colliculus and projecting di- 






Anterior horn of 
lateral ventricle ¥ 


\. a 


\ 


ne 
. a 
‘Loop of Meyer’. , ? q 
a 


Ws 


7 


Lateral 
geniculate body — 


— 
f 


Caudate 
nucleus ~~" 
Choroid Pd 


plexus 


Optic radiation - 


rectly to the primary auditory cortex in a 
tonotopic manner. The nonlaminated re- 
gions of the medial geniculate nucleus re- 
ceive input from multiple structures, includ- 
ing the cerebellum, and impulses of other 
sensory modalities in addition to the audi- 
tory sense. These regions also appear to pro- 
ject more diffusely to the temporal cortex, but 
much detail still needs to be learned about 
the role of the medial geniculate complex in 
hearing. 

LATERAL GENICULATE BODY. The lateral 
geniculate body is an oval elevation on the 
lateral aspect of the posterior end of the thal- 
amus (Figs. 11-64; 11-65; 11-83; 11-85; 11-86). 
[t is physically connected to the superior 
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Fic 11-86. A dissection of the right cerebral hemisphere, viewed from below. exposing the lateral geniculate body 
and the spiraled, fan-shaped optic radiation coursing in the posterior limb of the internal capsule to the visual cortex in 
the occipital lobe. (Courtesy of Dr. Charles F. Bridgman, who drew it from a dissection made by the late Professor 


A. T. Rasmussen.) 
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colliculus by the brachium of the superior 
colliculus, which is formed by primary optic 
nerve fibers that do not terminate in the lat- 
eral geniculate body but, instead, project to 
the pretectal region and superior colliculus. 
These optic fibers function importantly 
through the tectospinal tracts and the nuclei 
innervating the extraocular muscles in the 
visual motor reflexes. Most of the fibers in 
the human optic tract, however, do project 
to the lateral geniculate body, where they 
synapse with neurons in the lateral genicu- 
late nucleus. 

The lateral geniculate nucleus actually 
consists of a small ventral nucleus and a 
somewhat larger dorsal nucleus. In the 
human brain, the ventral nucleus is a small 
cluster of cells that is often called the 
pregeniculate nucleus. Its neurons are orien- 
ted toward the zona incerta of the ventral 
thalamus, and in lower mammals, the ven- 
tral nucleus projects not only to the zona 
incerta but to the pretectal region and supe- 
rior colliculus and to other structures. Al- 
though the pregeniculate nucleus has been 
shown to receive retinal fibers in several 
species, its cells do not project to the cere- 
bral cortex. 

The dorsal or principal! lateral geniculate 
nucleus is a laminated structure that in the 
human brain consists of six easily recog- 
nized curved layers of cells oriented in a 
dome-shaped mound, with its blunted crest 
directed dorsolaterally and its shallow hilus 
directed ventromedially (Fig. 11-87). The lay- 
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Fic. 11-87. Photomicrograph of the lateral geniculate 
nucleus showing the six cellular laminae, numbered 
from the hilus to the dorsal surface of the nucleus. 
Cresy] violet, 10 x. (From E. C. Crosby, T. Humphrey, 
and E. W. Lauer, Correlative Anatomy of the Nervous 
System, Macmillan Publishing Co., New York, 1962.) 
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ers of neurons are separated by bands of 
optic nerve fibers and the cellular laminae 
are numbered from 1 to 6, beginning at the 
hilus and continuing dorsally toward the 
crest of the geniculate body. The first two 
layers consist of large cells and sometimes 
are referred to as the magnocellular layers, 
while layers 3 to 6 are composed of smaller 
neurons. Nerve fibers that cross the optic 
chiasma (i.e. from the contralateral retina) 
terminate in layers 1, 4, and 6, while the 
optic nerve fibers that do not cross (and are 
derived from the ipsilateral retina) synapse 
in layers 2, 3, and 5. An enormous amount of 
research has been reported on the retinotopic 
organization of the lateral geniculate nu- 
cleus, and one morphologic feature, the syn- 
aptic glomerulus, emphasizes the fact that 
lateral geniculate neurons contain dendritic 
synaptic pools with terminals from interneu- 
rons and corticofugal fibers, in addition to 
those from primary afferent ganglion cells of 
the retina. The lateral geniculate nucleus 
projects to the striate area (Brodmann’s area 
17) on the occipital cortex by way of the 
optic radiation (Fig. 11-86). The lateral 
geniculocortical fibers pass to the cerebral 
cortex in the retrolenticular, or most poste- 
rior, portion of the internal capsule. 


The Epithalamus 


The epithalamus is situated on the dorso- 
medial aspect of the caudal diencephalon 
and includes the habenular trigone and the 
underlying habenular nuclei and commis- 
sure, the pineal body, and the posterior com- 
missure. 

HABENULAR TRIGONE. When viewed from 
above, the habenular trigone is a small, de- 
pressed triangular area located in front of 
the superior colliculus on each side of the 
epithalamus. Beneath its surface are found 
the medial and lateral habenular nuclei, 
which form a spherical mass of cells on each 
side. The habenular nuclei are functionally 
related to the olfactory pathways, and be- 
tween the nuclei of the right and left sides, 
rostral to the stalk of the pineal body, 
courses the habenular commissure. As 
might be expected, the habenulae are rela- 
tively smaller in man than in macrosmotic 
animals. Many afferent fibers reach the 
habenular nuclei by way of the stria medul- 
laris thalami and some of these cross in the 
habenular commissure to the opposite side. 
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Afferent connections are derived from the 
amygdala by way of the stria terminalis, and 
from the hippocampus, the septal nuclei and 
preoptic region, and the anterior thalamic 
nuclet. The principal efferent pathway from 
the habenular nuclei is the habenulopedun- 
cular tract (also called the fasciculus retro- 
flexus). This pathway arises from both me- 
dial and lateral nuclei, courses through the 
caudal part of the nucleus medialis dorsalis 
of the thalamus, through the red nucleus, 
and finally terminates in the interpeduncu- 
lar nucleus. Other fibers terminate in the 
mesencephalic reticular formation. 

PINEAL BODY. The pineal body (or epiphy- 
sis) 1s a small, conical, gland-like structure 
that lies in a depression at the midline be- 
tween the two superior colliculi. It is placed 
beneath the splenium of the corpus callo- 
sum, from which it is separated by the tela 
choroidea of the third ventricle. It measures 
about 6 to 8 mm in length and about 4 mm in 
width; it is attached by a stalk that is com- 
posed of a superior lamina contiguous with 
the habenular commissure and an inferior 
lamina adjacent to the posterior commissure 
(Fig. 11-88). 

Surrounded by pia mater from which it 
receives its blood supply, the pineal body 
consists of cords of epithelioid cells called 
pinealocytes, which contain the usual orga- 
nelles as well as large numbers of microtu- 
bules. Additionally, the organ contains inter- 
stitial cells that possess large numbers of 
fine filaments and resemble astrocytic 
neuroglial cells. Although the precise func- 
tion of the pineal body is still not clear, it 
does appear to be capable of suppressing the 
secretion of gonadotrophin from the pitui- 
tary gland. Precocious puberty has been ob- 
served in children in whom the pineal body 
has lesions or has been destroyed. The pin- 
eal body contains melatonin and large quan- 
tities of serotonin, and it has been suggested 
that the organ plays an active role in the reg- 
ulation of certain diurnal rhythms. 

POSTERIOR COMmMISSURE. The _ posterior 
commissure is a rounded bundle of white 
nerve fibers that crosses the midline at a site 
just rostral to the superior colliculi and im- 
mediately dorsal to the cerebral aqueduct, 
where, in fact, the aqueduct becomes contin- 
uous with the third ventricle (Figs. 11-81; 
11-82). The fibers are derived from several 
sources, including clusters of neurons within 
and around the posterior commissure called 
the interstitial and dorsal nuclei of the poste- 
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Fic 1188. The thalami, third ventricle, and pineal 
body exposed from above. The trunk and splenium of 
the corpus callosum, most of the septum pellucidum, the 
body of the fornix, the tela choroidea with its contained 
plexuses, and the epithelial roof of the third ventricle 
have all been removed. 


rior commissure and from the nucleus of 
Darkschewitsch, the interstitial nucleus of 
Cajal, the pretectal nuclei, and the superior 
colliculi. The precise functions served by the 
various fibers that cross in the posterior 
commissure are not well understood. 


The Subthalamus 


The subthalamus (or ventral thalamus) 
lies ventral to the hypothalamic sulcus and 
is a transitional zone between the dorsal 
thalamus and the tegmentum of the mid- 
brain. It is continuous strueturally with the 
mesencephalon and both the red nucleus 
and the substantia nigra are prolonged up- 
ward into the most caudal subthalamic re- 
gion. The subthalamus lies medial to the in- 
ternal capsule, which separates it from the 
globus pallidus, and it is located caudal and 
lateral to the hypothalamus. In addition to 
the red nucleus and substantia nigra, the 
subthalamus contains the subthalamic nu- 
cleus, the zona incerta, the nuclei of the 
tegmental fields of Forel,! and the entope- 
duncular nucleus (nucleus of the ansa len- 
ticularis). The fiber bundles coursing with 
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the subthalamus include the ansa lenticu- 
laris, the fibers of the tegmental field (field H 
of Forel), the fasciculus thalamicus (field H, 
of Forel). the fasciculus lenticularis (field H, 
of Forel), and the fasciculus subthalamicus, 
as well as others. 

SUBTHALAMIC NUCLEUS. The subthalamic 
nucleus is an oval, biconvex mass of gray 
substance seen only in mammals and lo- 
cated in the more caudal part of the subthal- 
amus. It is positioned along the medial as- 
pect of the internal capsule, which separates 
the nucleus from the globus pallidus. In the 
caudal diencephalon, it lies over the dorsal 
surface of the crus cerebri and dorsolateral 
to the substantia nigra. The subthalamic 
nucleus receives fibers from the lateral seg- 
ment of the globus pallidus and sends fibers 
through the internal capsule, by way of the 
subthalamic fasciculus, to the medial seg- 
ment of the globus pallidus. Additionally, 
other connections of the subthalamic nu- 
cleus with the putamen, the caudate nucleus, 
the mesencepualic tegmentum, and the sub- 
stantia nigra have been described but not 
ascertained. Lesions of this nucleus result 
in contralateral hemiballismic movements, 
which seem to be alleviated if secondary le- 
sions are placed in the medial globus 
pallidus. 

ZONA INSERTA. The zona inserta is a thin 
layer of diffuse gray substance that is located 
immediately ventral to the dorsal thalamus 
and extends nearly the entire rostrocaudal 
length of the diencephalon. It is continuous 
laterally with the reticular thalamic nucleus 
and caudally with the mesencephalic reticu- 
lar formation. It lies just above the fascicu- 
lus lenticularis and below the thalamic fas- 
ciculus (field H, of Forel). The zona inserta 
probably receives nerve fibers from the glo- 
bus pallidus and the precentral region of the 
cerebral cortex, and some evidence exists to 
indicate that efferent fibers are distributed to 
the mesencephalic tegmentum. The precise 
function of this region and the manner in 
which it might influence the great motor 
pathways, however, are still unknown. 

FIELDS OF FOREL. Rostral to the red nu- 
cleus is a dense mass of longitudinally run- 
ning fibers known as the tegmental field 
(field H) of Forel. The medial fibers are com- 
posed of dentato-, rubro-, and reticulotha- 
lamic connections. They continue rostrally 
as the thalamic fasciculus (field H, of Forel), 
which enters the medial part of the external 
medullary lamina and ends in the nucleus 
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ventralis lateralis of the thalamus. The lat- 
eral fibers of the tegmental field come from 
field H, of Forel, which is located rostrally 
and laterally. It is composed of fibers from 
the globus pallidus in the ansa lenticularis 
and fasciculus lenticularis that curve 
around the medial edge of the internal cap- 
sule on the way to the red nucleus and retic- 
ular substance. 


The Hypothalamus 


The hypothalamus is located ventral to the 
thalamus and it forms the floor and the 
lower lateral walls of the third ventricle (Fig. 
11-82). Strictly speaking, the hypothalamus 
is considered to extend from the mammil- 
lary bodies caudally to the optic chiasma 
rostrally (Fig. 11-89). The preoptic region, 
which lies dorsal to and in front of the optic 
chiasma, is a telencephalic derivative; how- 
ever, it is usually included in descriptions of 
the hypothalamus because the functions of 
the two regions are so closely interrelated. 
The hypothalamus, consisting of slightly 
more than 4gm of tissue, occupies only a 
small part of the entire brain, and yet it func- 
tions diversely and importantly in the regu- 
lation of many autonomic and behavioral 
reactions. Through its connections with the 
hypophysis, the hypothalamus exerts an 
enormous influence over the endocrine sys- 
tem and thereby over the general metabolic 
functions of many organs. The hypothala- 
mus assists in the regulation of body temper- 
ature, in feeding, drinking, and mating be- 
havior, in functions relating to biologic 
rhythms such as the reproductive cycles, 
and probably even in the onset of sleep. Its 
role in the maturation of behavior associated 
with the genders is actively being investi- 
gated. Additionally, this part of the dien- 
cephalon participates importantly in the 
behavioral translation of emotional feelings 
such as fear and rage, and within the 
hypothalamus are found high concentra- 
tions of many neurally active substances 
such as noradrenaline, serotonin, dopamine, 
and acetylcholinesterase. As might be ex- 
pected, the nuclear patterns and the many 
connections of the hypothalamus with other 
regions of the central nervous system are 
complex. For descriptive purposes, the hy- 
pothalamus can be divided longitudinally 
into lateral and medial zones that extend 
throughout its length, or transversely into 
preoptic, supraoptic, tuberal (or infundibu- 
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FiG. 11-89. The inferior surface of the brain, showing the hypophysis and infundibulum and the tuber cinereum and 
mammillary bodies of the hypothalamus. The cranial nerves are shown in yellow. 


lar), and posterior (or mammillary body) re- 
gions. 

Although the precise boundaries of these 
hypothalamic regions are quite arbitrarily 
defined, certain longitudinally oriented 
nerve fiber bundles, such as the fornix and 
the mammillothalamic tract, have been con- 
veniently used to separate the lateral and 
medial hypothalamic zones. In this account, 
however, each of the four transverse regions 
listed above will be described, and these 
descriptions include both medial and more 
lateral structures. 


PREOPTIC REGION 


The preoptic region occupies a part of the 
basal forebrain in front of the optic chiasma 
(Fig. 11-90). Although it is derived from the 
telencephalon rostral to the hypothalamus, 
the preoptic region is usually described with 


the hypothalamus because it functions im- 
portantly in the regulation of certain auto- 
nomic mechanisms, frequently in concert 
with the hypothalamus. Even though the 
optic chiasma serves as an arbitrary bound- 
ary between the preoptic region and the an- 
terior hypothalamus, the gray matter of the 
medial preoptic zone extends forward from 
the anterior hypothalamus, with no sharp 
line of demarcation. The preoptic periven- 
tricular nucleus is located adjacent to the 
wall of the preoptic recess of the third ven- 
tricle and the medial preoptic nucleus is 
found ventral to the anterior commissure. 
In the lateral preoptic zone are located the 
lateral preoptic nucleus and fascicles of fi- 
bers belonging to the medial forebrain bun- 
dle. Both preoptic zones are interconnected 
with olfactory centers, the hypothalamus, 
and the anterior and medial thalamic nuclei. 
The preoptic region is importantly related to 
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temperature regulation, probably by initiat- 
ing mechanisms that increase the loss of 
body heat, such as sweating, vasodilation, 
and in certain animals, panting. Acute le- 
sions in this region frequently result in a 
rapid rise in body temperature. 


SUPRAOPTIC REGION 


The supraoptic region of the hypothala- 
mus lies dorsal to the optic chiasma, ventral 
to the fornix, and caudal to the preoptic re- 
gion. It extends behind the anterior commis- 
sure and contains the paraventricular nu- 
cleus, suprachiasmatic nucleus, and the 
anterior hypothalamic nucleus medially, 
and the supraoptic nucleus and the rostral 
part of the lateral hypothalamic nucleus 
more laterally (Fig. 11-90). 

The paraventricular nucleus is a pyramid- 
ally shaped group of nerve cells located 
immediately ventral to the fornix. It is adja- 
cent to the periventricular nucleus, which 
forms a thin vertical column of cells located 
just deep to the ependyma of the third ven- 
tricle and extends nearly to the base of the 
brain. The suprachiasmatic nucleus is a 
small collection of neurons located directly 
dorsal to the optic chiasma, and the more 
diffusely cellular anterior hypothalamic 
nucleus lies adjacent to the paraventricular 
nucleus in the more medial part of the ante- 
rior hypothalamus and blends rostrally with 
the medial preoptic zone. 

Overlying the optic tract near its diver- 
gence posterolaterally from the optic chi- 
asma is the well defined supraoptic nucleus. 
It consists of deeply staining, moderately 
large cells with a rich capillary bed, and the 
nucleus is easily differentiated from the less 
compact gray substance of the lateral hypo- 
thalamic nucleus, which merges forward 
imperceptibly with the lateral preoptic zone. 

The cells of the paraventricular and su- 
praoptic nuclei send fibers to the posterior 
lobe of the hypophysis by way of the infun- 
dibular stalk to form the paraventriculo- 
hypophysial and _ supraopticohypophysial 
tracts (Fig. 11-91). The cells in these nuclei 
synthesize neurosecretory material that 
passes down the axons to the infundibulum 
and the posterior lobe. It is believed that 
these neurosecretions are precursors of the 
important hormones vasopressin (the antidi- 
uretic hormone) and oxytocin (the uterine- 
contracting and milk-releasing hormone), 
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which are secreted by the posterior lobe. 
The suprachiasmatic nucleus receives a pro- 
jection of fibers directly from the optic nerve 
and retina; these fibers are thought to be an 
important link relating the light-dark diurnal 
cycles to the secretion of hormones and the 
physiologic circadian rhythms. The more 
diffuse anterior hypothalamic regions, both 
medially and laterally, participate with the 
preoptic zones in temperature regulation, as 
well as with other hypothalamic regions in 
the secretion of releasing factors and inhibit- 
ing factors that influence the production of 
anterior lobe hormones from the hypophysis. 


TUBERAL (OR INFUNDIBULAR) REGION 


The tuberal or infundibular region occu- 
pies the intermediate portion of the hypo- 
thalamus between the more anteriorly lo- 
cated supraoptic region and the caudally 
placed mammillary region. It is marked on 
its ventral surface by the tuber cinereum, the 
median eminence, and the infundibulum, 
the latter interconnecting the brain and the 
hypophysis (Fig. 11-89). The tuber cinereum 
is an elevated mound of gray substance situ- 
ated between the optic chiasma anteriorly 
and the mammillary bodies posteriorly. Lat- 
erally, the tuber cinereum is bounded by the 
optic tracts and the cerebral peduncles, and 
in the midline just behind the optic chiasma, 
a hollow conical process, the infundibulum, 
projects ventrally and rostrally to end in the 
posterior lobe of the hypophysis cerebri, or 
pituitary gland. At the floor of the third ven- 
tricle is located a slightly raised region, the 
median eminence, which encircles the site at 
which the infundibulum becomes the stalk 
of the pituitary gland. 

Surrounding the lateral walls of the third 
ventricle in the tuberal region are collections 
of small neurons that are oriented vertically; 
these collectively constitute the periventric- 
ular nucleus. More ventrally, in the region of 
the infundibulum, these cells become more 
compact, and in transverse or coronal sec- 
tions they may be identified as an arch- 
shaped group of neurons, the arcuate (or in- 
fundibular) nucleus, which forms the floor 
of the third ventricle (Fig. 11-90). Occupying 
most of the medial part of the tuberal region 
and located between the lateral wall of the 
third ventricle and the fornix are the ventro- 
medial and dorsomedial nuclei of the hypo- 
thalamus. The ventromedial nucleus con- 
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Fic 11.90. Schematic diagram of the more medially located hypothalamic nuclei as seen from a midsagittal view of 
the diencephalon. (From M. B. Carpenter, Human Neuroanatomy, 7th ed., Williams and Wilkins, Baltimore. 1976.) 


sists of an oval mass of densely packed cells 
that is more conspicuous in lower mammals 
than in humans, where it is less well defined. 
Overlying the ventromedial nucleus is the 
somewhat less distinct dorsomedial nucleus 
(Fig. 11-90), and dorsal to this latter nucleus 
is an even more diffuse band of cells and fi- 
bers that is frequently referred to as the dor- 
sal hypothalamic nucleus (region or area). 
Located lateral to the fornix in the tuberal 
region of the hypothalamus is the lateral 
hypothalamic region. This is continuous 
both rostrally and caudally with the lateral 
parts of the hypothalamus at the suprachias- 
matic and mammillary levels, which simi- 
larly consist of a loose mixture of both fibers 
and cells. Also found in the lateral hypotha- 
lamic region between the level of the infun- 
dibulum and the more caudal plane of the 
mamunillary nuclei are several smal] col- 
umns of cells called the tuberomammillary 
nucleus and the lateral tuberal nuclei. The 
latter form small enlargements that are visi- 


ble on the ventral surface of the tuber 
cinereum. These nuclei are believed to send 
fibers to the infundibular stalk. 

The intake of food and fluids is markedly 
altered by lesions involving various sites in 
the hypothalamus. Additionally, stimulation 
of certain hypothalamic regions as well as 
other CNS sites produces striking changes in 
overt behavior. Bilateral lesions in the ven- 
tromedial nuclei result in an excessive appe- 
tite for food, and the resulting hyperphagia 
soon leads to obesity. Animals with such le- 
sions also display varying degrees of savage 
behavior and inappropriate rage reactions to 
relatively nonthreatening stimuli. Lesions 
placed laterally at approximately the same 
hypothalamic levels tend to result in a loss 
of appetite, and the resulting aphagia leads 
to emaciation. Destruction of the infundibu- 
lum or the more rostrally located supraoptic 
nucleus, which gives rise to the hypothala- 
mohypophysial tract concerned with the 
production of vasopressin, results in an ex- 


cessive intake of fluids and a greatly in- 
creased urinary output, a condition known 
as diabetes insipidus. Electrical stimulation 
of anterior hypothalamic sites induces 
drinking behavior, and increases in blood 
pressure and violent attack behavior can be 
observed by stimulation of the region 
around the fornix. 

The role of the supraoptic and paraven- 
tricular nuclei in the production of hor- 
mones by the posterior lobe of the pituitary 
gland has already been mentioned; however, 
there is considerable evidence that the hypo- 
thalamus also plays an important role in the 
secretion of anterior lobe hypophysial hor- 
mones. Although there are no direct neural 
connections between the hypothalamus and 
the anterior pituitary, it is believed that 
these influences result from humoral agents, 
and that neurosecretions are transported 
along a fine network of vascular sinusoids 
that drain from the hypothalamus to the an- 
terior lobe (Fig. 11-91). Overlapping zones in 
the hypothalamic region between the preop- 
tic level and the level of the mammillary 
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bodies are thought to be importantly in- 
volved in the production of releasing factors 
(probably peptides) that influence the secre- 
tion of adrenocorticotrophic, thyrotrophic, 
and somatotrophic hormones, the follicle- 
stimulating hormone, the luteinizing hor- 
mone, as well as the prolactin-inhibiting 
factor. 


POSTERIOR (OR MAMMILLARY) REGION 


Behind the tuberal region is found the pos- 
terior part of the hypothalamus, which in- 
cludes the posterior hypothalamic nucleus 
and the mammillary complex. The posterior 
hypothalamic nucleus (or area) is a moder- 
ately extensive zone that receives fibers 
from the medial forebrain bundle, the fornix, 
and the periventricular system, and _ it 
merges on its dorsal aspect with the midline 
nuclei of the thalamus. Caudally, it extends 
over the mammillary body to blend with the 
tegmentum of the midbrain. 

Projecting prominently on each side of the 
ventral surface of the posterior hypothala- 
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Fic. 11-91. Diagrammatic representation of the hypothalamo-hypophysial neural and vascular connections. Note 
that the paraventricular and supraopticohypophysial neural pathways carry neurosecretions directly from the hypo- 
thalamus to the posterior lobe of the pituitary gland. In contrast, the tuberoinfundibular tract carries neurosecretions 
to the infundibulum and these are then transported from the infundibulum to the anterior lobe of the pituitary gland by 
the sinusoids of the hypophysial portal system of veins. (From M. B. Carpenter, Human Neuroanatomy, 7th ed., 


Williams and Wilkins, Baltimore, 1976.) 
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mus hear the midline are the mammillary 
bodies (Figs. 11-82; 11-89; 11-90). In trans- 
verse section, this mammillary region con- 
sists of the mammillary complex and scat- 
tered cells in the premammillary and 
supramammillary areas (Fig. 11-84). The me- 
dial mammillary nucleus is a large, ovoid 
mass of cells producing most of the protu- 
berance of the mammillary body. The lateral 
mammillary nucleus is smaller and fits into 
the angle between the medial nucleus and 
the ventrolateral surface of the brain. The 
nucleus intercalatus is a separate group of 
smaller neurons that is located dorsolateral 
to the medial nucleus. Both medial and lat- 
eral mammillary nuclei receive fibers from 
the fornix of each side, the fibers decussat- 
ing just above the mammillary bodies. They 
also receive fibers from the medial forebrain 
bundle, from the thalamus, and from the in- 
ferior mammillary peduncle. This latter 
tract arises in the mesencephalic tegmentum 
and terminates in the lateral mammillary 
nucleus, but it is rather small in the human 
brain. Efferent fibers from the mammillary 
nuclei form the mammillothalamic and 
mammillotegmental tracts. Initially, the two 
tracts course together dorsally as the fascic- 
ulus mammillaris princeps, but a short dis- 
tance above the mammillary body they di- 
verge. Some of the fibers form the mam- 
millothalamic tract (bundle of Vicg d’Azyr’), 
which courses to the anterior nuclei of 
the thalamus; there they synapse with 
neurons that project to the cingulate gyrus 
(Fig. 11-84). Other efferent fibers in the fas- 
ciculus mammillaris princeps form the 
mammillotegmental tract, which curves cau- 
dally to course to neurons in the mesence- 
phalic tegmentum. Some of the fibers that 
form this latter tract are actually descending 
collateral branches of the mammillothalamic 
fibers. 

Stimulation of the posterior hypothalamus 
usually elicits a sympathetic response, in 
contrast to stimulation of anterior and pre- 
optic zones, from which parasympathetic 
responses are achieved. There is some evi- 
dence to indicate that neural mechanisms 
exist in the posterior hypothalamus, some of 
which increase the conservation of body 
heat and others of which increase the gener- 
ation of heat. Heat conservation is accom- 


'Felix Vicq d’Azyr (1748-1794): A French anatomist 
(Paris). 


plished through mechanisms that cause sur- 
face capillaries to constrict and sweating to 
diminish, while heat production is increased 
by the phenomenon of shivering and by 
piloerection (“goose-bumps” in man), but 
the exact role of the posterior hypothalamus 
in these temperature regulating functions 
has not yet been well established. Because 
mammillary nuclei receive large numbers of 
fibers from the subiculum, by way of the 
fornix, and from the septum and send fibers 
to those thalamic nuclei that project to the 
cingulum, it has been assumed that they par- 
ticipate in pathways intimately related to 
emotional expression. Specific lesions local- 
ized to the mammillary nuclei only, how- 
ever, have not clarified their functional role 
in the so-called emotional circuit. 


Third Ventricle 


The third ventricle is a narrow, vertical 
median cleft between the thalami of the two 
hemispheres (Figs. 11-81; 11-88). It is lined by 
ependyma and filled with spinal fluid. Ros- 
trally, it communicates with the two lateral 
ventricles by means of an opening on each 
side called the interventricular foramen. 
Caudally, the third ventricle communicates 
with the fourth ventricle through the cere- 
bral aqueduct. The third ventricle is limited 
by a roof, a floor, anterior and posterior 
boundaries, and a pair of lateral walls. 

rooF. The roof of the third ventricle is 
formed by a thin layer of ependyma that 
stretches between the upper edges of the lat- 
eral walls of the cavity and is continuous 
with the ependymal lining of the ventricle 
(Fig. 11-92). The outer surface of this epen- 
dymal roof is covered by a fold of pia mater 
called the tela choroidea of the third ventri- 
cle. From the inner ventricular surface of the 
ependymal roof can be seen two delicate 
vascular folds that are invaginated into the 
ventricle, one projecting downward on each 
side of the midline. These vascular processes 
carry with them the invaginated ependymal 
layer and form the choroid plexuses of the 
third ventricle. 

FLooR. The floor of the third ventricle is 
composed of structures that constitute the 
hypothalamus, and its anterior end slopes 
ventrally over the optic chiasma to form the 
supraoptic recess. Behind the optic chiasma 
the ventricular floor is prolonged downward 
into the infundibulum as the funnel-shaped 
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Fic. 11-92. Coronal section of the third and lateral ventricles (diagrammatic). 


infundibular recess. Posteriorly, the floor is 
formed by the posterior perforated sub- 
stance and by the tegmenta of the cerebral 
peduncles. 

ANTERIOR BOUNDARY. The anterior bound- 
ary of the third ventricle is formed inferiorly 
by the lamina terminalis, a thin layer of gray 
substance that stretches from the upper sur- 
face of the optic chiasma to the rostrum of 
the corpus callosum. Superiorly, the anterior 
boundary is formed by the columns of the 
fornix and by the anterior commissure. Lo- 
cated at the junction of the anterior bound- 
ary with the ventricular floor is the small 
angular diverticulum called the supraoptic 
recess. At the junction of the anterior bound- 
ary and the roof of the third ventricle, situ- 
ated between the anterior tubercles of the 
thalami behind and the columns of the 
fornix in front, are found the interventricu- 
lar foramina. These narrow openings, one on 
each side, allow the third ventricle to com- 
municate with the two lateral ventricles. 

POSTERIOR BOUNDARY. ‘The _ posterior 
boundary of the third ventricle is formed by 
the pineal body, the posterior commissure, 
and the cerebral aqueduct. The pineal recess 
is asmall prolongation of the third ventricle 
within the stalk of the pineal gland, while 
the suprapineal recess, located in front of 
and above the pineal body, is a small diver- 
ticulum of the epithelium that forms the 
ventricular roof. 

LATERAL watts. Each lateral wall of the 
third ventricle consists of an upper portion, 
formed by the medial surface of the anterior 
two-thirds of the thalamus, and a lower por- 
tion, formed by the medial surface of the 


hypothalamus and subthalamus and the 
upward continuation of the gray substance 
of the ventricular floor (Fig. 11-92). These 
two parts of the lateral ventricular wall are 
separated by a furrow called the hypotha- 
lamic sulcus, which extends on each side 
from the interventricular foramen to the cer- 
ebral aqueduct (Fig. 11-82). The lateral wall 
is limited above by the taenia thalami. The 
columns of the fornix curve ventrally in 
front of the interventricular foramina and 
then course in the lateral walls of the third 
ventricle, where initially they form distinct 
prominences, but subsequently they course 
more deeply in the hypothalamus and are 
not visible on the lateral ventricular surface. 
Above the hypothalamic sulci, the lateral 
walls of the third ventricle are intercon- 
nected across the ventricular cavity by me- 
dial extensions of gray matter that form the 
interthalamic adhesion. 


THE TELENCEPHALON 


The telencephalon or “end brain” consists 
of the pars optica hypothalami, into which 
the anterior part of the third ventricle pro- 
jects, and the two cerebral hemispheres, 
within which are contained the lateral ven- 
tricles. The pars optica hypothalami is the 
portion of the basal forebrain immediately 
rostral to the optic chiasma and it includes 
principally the preoptic region. This has 
been described with the hypothalamus be- 
cause of its similarities in function. The cer- 
ebral hemispheres are large, rounded expan- 
sions of the forebrain that occupy most of 
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the cranial cavity. They are incompletely 
divided by a deep sagittal groove. the longi- 
tudinal cerebral fissure, but remain inter- 
connected by the great central white 
commissure, the corpus callosum, located 
immediately under this fissure. The internal 
structures of the hemispheres merge with 
those of the diencephalon and further conti- 
nuity with the brain stem is established 
through the cerebral peduncles. 


Cerebral Hemispheres 


The two cerebral hemispheres constitute 
the largest part of the brain, and, when 
viewed together from above, they assume 
the form of an ovoid mass that is broader 
behind than in front and whose greatest 
transverse diameter is across the parietal 
lobes. Perhaps the most distinguishing fea- 
ture of the external cerebral surface is the 
presentation of its substance in a series of 
convolutions called gyri, between which are 
located grooves of varying depth called sulci 
or fissures. This pattern is not exhibited in 
all mammals, however, for some animals, 
such as the rat and rabbit, have a smooth or 
lissencephalic cerebral surface. It is as- 
sumed that the differential growth rates of 
some regions of the brain over those of other 
regions result in the formation of the folded, 
or gyrencephalic, cerebral surface that is 
characteristic of the human brain and the 
brains of the higher mammals. Each cerebral 
hemisphere consists of an extensive cover- 
ing of outer gray substance called the cere- 
bral cortex, the underlying fascicles of cere- 
bral white substance (sometimes called the 
centrum semiovale), several internally situ- 
ated masses of central gray and white sub- 
stance that are collectively called the basal 
ganglia, and the lateral ventricle. 

The cerebral hemispheres present for in- 
spection three surfaces—superolateral, me- 
dial, and inferior; three poles—frontal, tem- 
poral, and occipital: and five lobes or 
subdivisions—frontal, parietal, temporal, 
occipital, and insular. Additionally, a group 
of phylogenetically older structures is sub- 
sumed in the term rhinencephalon (or limbic 
tobe), and the subcortical basal ganglia in- 
clude the corpus striatum, the claustrum, 
and the amygdaloid body. The fascicles of 
white matter of the cerebral hemispheres 
may be classified into three types: nerve fi- 
bers of projection, which interconnect the 


cerebral cortex with subcortical centers: 
commissural fibers, which interconnect cor- 
tical regions across the two hemispheres; 
and association fibers, which interconnect dif- 
ferent cerebral cortical regions of the same 
side. All of these morphologic structures 
encase the cavities of the lateral ventricles. 

LONGITUDINAL CEREBRAL FISSURE The lon- 
gitudinal cerebral fissure is a deep cleft lo- 
cated in the median sagittal plane between 
the two cerebral hemispheres, and it con- 
tains a sickle-shaped process of dura mater 
called the falx cerebri. The rostral and cau- 
dal parts of this fissure extend from the su- 
perior to the inferior surfaces of the hemi- 
spheres and thereby completely separate 
them. Its middle portion, however, separates 
the hemispheres for onty about one-half of 
their vertical extent, reaching down only to 
a large horizontally oriented sheet of white 
matter, the corpus callosum, which intercon- 
nects the two hemispheres across the mid- 
line. 


SUPEROLATERAL SURFACE OF THE CEREBRUM 


The superolateral surface of each cerebral 
hemisphere is convex and its shape con- 
forms to the rounded contour of the cranial 
vault in which it is contained (Fig. 11-93). 
superomedially, this surface is sharply 
bounded from the medial surface of the 
hemisphere by the superior border of the 
cerebrum, while inferolaterally the lateral 
border forms a more rounded boundary be- 
tween the superolateral and inferior cere- 
bral surfaces. When the cerebrum is viewed 
from above, its blunted anterior end forms 
the frontal pole; this is in contrast to the 
more acutely shaped posterior end, which is 
called the occipital pole. Laterally the ante- 
rior limit of the temporal lobe forms the tem- 
poral pole of the cerebrum. 

The gyri and sulci on the superolateral 
surface undertie the flattened parts of the 
frontal, parietal, occipital, and temporal 
bones and their disposition initially appears 
to present an irregular pattern. Although 
certain differences can be identified between 
any two brains, close inspection reveals a 
basic arrangement of the gyri and sulci, 
within which limited variations exist. Cer- 
tain sulci form the boundaries between large 
subdivisions, or lobes, of the cerebrum. Two 
such sulci are the lateral sulcus and the cen- 
tral sulcus. 
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Fic. 11-93. A lateral view of the superolateral surface of the left cerebral hemisphere. 


LATERAL SULCUS. The lateral sulcus, some- 
times called the Sylvian fissure, is a well 
marked cleft situated on the lateral and infe- 
rior surfaces of the hemisphere, and it sepa- 
rates the larger superior masses of the fron- 
tal and parietal lobes from the temporal lobe 
(Figs. 11-93; 11-94). It is a complete fissure, 
isolating much of the temporal lobe, and the 
floor of its posterior portion is formed by the 
limen insulae and the insula. The lateral sul- 
cus consists of a short stem, which begins on 
the inferior surface of the brain in a depres- 
sion at the lateral angle of the anterior perfo- 
rated substance. From this point, it extends 
between the anterior part of the temporal 
lobe and the orbital surface of the frontal 
lobe to achieve the lateral border of the 
hemisphere. This part of its course corre- 
sponds in direction to the posterior border of 
the smaller wing of the sphenoid bone. After 
it reaches the inferolateral aspect of the cer- 
ebrum, the lateral sulcus divides into three 
rami: anterior horizontal, anterior ascend- 
ing, and posterior (Figs. 11-93; 11-94). The an- 
terior horizontal ramus passes forward for 
about 2.5 cm into the inferior frontal gyrus, 
while the anterior ascending ramus extends 


upward into the same convolution for about 
an equal distance. The posterior ramus is the 
longest of the rami (about 7 cm) and it repre- 
sents the posterior continuation of the lat- 
eral sulcus. It is directed horizontally back- 
ward and upward to terminate in the 
inferior parietal lobule. Within the lateral 
sulcus course the middle cerebral artery and 
vein. 

CENTRAL SULCUS. The central sulcus (also 
called Rolandic fissure) is an important land- 
mark on the superolateral surface of the cer- 
ebrum because it forms the boundary be- 
tween the frontal and parietal lobes and it 
also separates the primary somatomotor re- 
gion of the cerebral cortex, located just in 
front of the sulcus, from the primary soma- 
tosensory region just behind it (Figs. 11-93: 
11-94; 11-96). The sulcus begins on the me- 
dial surface of the hemisphere, a little be- 
hind the midpoint between the frontal and 
occipital poles (Fig. 11-95). It follows an 
oblique course downward and_ forward, 
along the lateral surface of the cerebrum, 
and it ends a little above the posterior ramus 
of the lateral sulcus and about 2.5 cm behind 
the ascending ramus of that sulcus. Its 
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FiG. 11-94. Lateral view of the superolateral surface of the left cerebral hemisphere. Pink, frontal lobe; blue, parietal 


lobe; yellow, occipital lobe; green, temporal lobe. 


course forms an angle of about 70° with the 
superior border, and it has two sinuous 
curves, a superior genu, with its convexity 
directed posteriorly, and an inferior genu, 
with its convexity directed anteriorly; addi- 
tional curves are frequently seen in different 
brains. The length of the central sulcus is 
about 9 cm if measured in a straight line, or 
10 cm if measured along the curves. Its depth 
varies along its course from 1.0 to 2.0 cm. 


This variable depth occurs because during 
the sixth month of prenatal development, 
the central sulcus appears as two sulci—a 
short upper and a longer lower, which are 
interrupted by a transversely oriented inter- 
lobar gyrus. After further development, the 
two sulci usually fuse and the transversely 
oriented gyrus is buried in the floor of 
the central sulcus, thus altering the sulcal 
depth. 





Fic. 11-95 


Medial surface of the left cerebral hemisphere with the brain stem and cerebellum removed. Pink, frontal 


lobe; blue, parietal lobe; yellow, occipital lobe; green, temporal lobe. 


Sulci and Gyri on the Superolateral Surface of the 
Frontal Lobe 


The frontal lobe is the most anterior and 
largest of the lobes in the human cerebrum 
and its convex superolateral surface extends 
from the frontal pole to the central sulcus, 
the latter separating it from the parietal lobe. 
Usually the superolateral surface of the 
frontal lobe is traversed by three sulci, 
which divide it into four gyri. These are the 
precentral, superior frontal, and inferior 
frontal sulci and the precentral, superior 
frontal, middle frontal, and inferior frontal 
gyri. 

PRECENTRAL SULCUS. The precentral sul- 
cus courses parallel to and in front of the 
central sulcus, the two sulci being separated 
by the precentral gyrus (Figs. 11-93; 11-94; 
11-96). During development and maturation, 
the precentral sulcus is formed from three 
grooves, the upper two of which usually fuse 
so that in the fully matured brain, this sulcus 
generally is seen to be divided into a supe- 
rior and an inferior segment; the two seg- 
ments, however, may become continuous. 

SUPERIOR FRONTAL SULCUS. ‘The superior 
frontal sulcus commences posteriorly at 
about the middle of the upper segment of the 
precentral sulcus and it courses forward in 
the superior part of the frontal lobe (Figs. 
11-93; 11-94; 11-96). It is directed perpendicu- 
lar to the precentral gyrus and nearly paral- 
lel to the superior border of the cerebrum. 
The superior frontal sulcus separates the 
superior frontal gyrus from the middle fron- 
tal gyrus and may exist as a continuous sul- 
cus or be divided into two or more parts 
(over 50% of cases); it extends almost to the 
frontal pole. Small sulci extend from the 
superior frontal sulcus and project into the 
convolutions above and below. 

INFERIOR FRONTAL SULCUS. ‘The inferior 
frontal sulcus also courses horizontally in 
the frontal lobe, somewhat below and 
roughly parallel to the superior frontal sul- 
cus (Figs. 11-93; 11-94; 11-96). Typically, it 
begins posteriorly as a furrow projecting for- 
ward from the inferior segment of the pre- 
central sulcus. It may course as an uninter- 
rupted sulcus forward to the lower or orbital 
part of the anterior frontal pole, but more 
frequently it is disconnected and forms two 
or more furrows. The inferior frontal sulcus 
separates the middle frontal gyrus above 
from the inferior frontal gyrus below. 
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PRECENTRAL GYRUS. The precentral gyrus 
is bounded in front by the precentral sulcus 
and behind by the central sulcus. It is posi- 
tioned parallel to these sulci and extends 
obliquely across the superolateral surface of 
the cerebral cortex from the superior border 
of the hemisphere to the posterior ramus of 
the lateral fissure (Figs. 11-93; 11-94; 11-96). 
On the medial surface of the cerebral hemi- 
sphere, the precentral gyrus is continuous 
with the anterior part of the paracentral lob- 
ule (Fig. 11-95). The precentral gyrus and the 
anterior surface of the central sulcus func- 
tion as the primary motor region of the cere- 
bral cortex, in which the lower extremity is 
represented on the superior aspect and me- 
dial surface of the gyrus, followed by the 
upper extremity and hand on the superolat- 
eral surface, and the face, jaw, and tongue 
more inferolaterally. 

SUPERIOR FRONTAL GYRUS. The superior 
frontal gyrus is situated above the superior 
frontal sulcus and it extends horizontally 
forward from the precentral sulcus to the 
frontal pole (Figs. 11-93; 11-94; 11-96). It is a 
relatively wide, somewhat uneven convolu- 
tion and it is continued onto the medial sur- 
face of the hemisphere. The portion on the 
lateral surface is frequently incompletely 
subdivided into an upper and a lower part 
by a horizontal sulcus called the paramedial 
sulcus. 

MIDDLE FRONTAL GYRUS. The middle fron- 
tal gyrus is a wide convolution that extends 
anteroinferiorly from the precentral gyrus 
and is bounded above by the superior fron- 
tal sulcus and below by the inferior frontal 
sulcus (Figs. 11-93; 11-94; 11-96). A horizon- 
tally oriented sulcus frequently divides the 
middle frontal gyrus into upper and lower 
parts. Inferolaterally, the middle frontal 
gyrus extends as far as the orbital surface of 
the frontal lobe. 

INFERIOR FRONTAL GYRUS. ‘The inferior 
frontal gyrus lies below the inferior frontal 
sulcus and extends forward from the lower 
part of the precentral gyrus (Figs. 11-93; 11- 
94; 11-96). Inferolaterally, it is continuous 
with the lateral and posterior orbital gyri on 
the inferior surface of the frontal lobe. Help- 
ing to form the superior wall of the lateral 
sulcus below the precentral gyrus, the infe- 
rior frontal gyrus becomes subdivided into 
three regions by the anterior horizontal and 
ascending rami of the lateral sulcus: the or- 
bital part below the anterior horizontal 
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ramus, the triangular part between the ante- 
rior horizontal and the ascending rami, and 
the opercular part above and behind the as- 
cending ramus (Fig. 11-94). The opercular 
part and a portion of the triangular part of 
the inferior frontal gyrus are frequently re- 
ferred to as Broca’s! speech area because 
they are importantly related to the motor 
aspects of speech behavior. 


Sulci and Gyri on the Superolateral Surface 
of the Parietal Lobe 


The parietal lobe is separated anteriorly 
from the frontal lobe by the central sulcus, 
but its boundaries below and behind are 
somewhat less definite. Posteriorly. _ its 
boundary with the occipital lobe com- 
mences at the superior border of the cere- 
brum by the parieto-occipital sulcus, and 
then it continues as an arbitrary line that 
starts at the lower lateral tip of this sulcus 
and is carried across the lateral surface of 
the hemisphere to a shallow indentation on 
the ventrolateral border of the brain called 
the preoccipital incisure (Fig. 11-94). 

Inferiorly, the parietal lobe is bounded by 
the posterior ramus of the lateral sulcus and 
by another arbitrary line drawn from the site 
at which the posterior ramus turns to ascend 
into the parietal lobe to the point at which 
this line intersects the posterior boundary 
line. Two sulci, the postcentral sulcus and 
the intraparietal sulcus, subdivide the su- 
perolateral surface of the parietal lobe into 
the postcentral gyrus, the superior parietal 
lobule, and the inferior parietal lobule. 

POSTCENTRAL SULCUS. The _ postcentral 
sulcus is oriented parallel to the central sul- 
cus and lies posterior to it, and the two sulci 
are separated by the postcentral gyrus (Figs. 
11-93: 11-94). The sulcus may be a continu- 
ous fissure. but at times it is interrupted and 
has two parts. a superior and an inferior sul- 
cus. The postcentral sulcus extends down- 
ward along the superolateral surface of the 
parietal lobe from a site close to the longitu- 
dinal cerebral fissure above. It ends inferi- 
orly just above the posterior ramus of the 
lateral sulcus at a site slightly anterior to the 
upward turn of that ramus. Anterior to the 
postcentral sulcus is located the postcentral 
gyrus, while posterior to it are the superior 


‘Pierre P. Broca (1824-1880): A French surgeon, neurolo- 
gist, and anthropologist (Paris). 
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and inferior parietal lobules, which are 
themselves separated by the intraparietal 
sulcus. 

INTRAPARIETAL SULCUS. The intraparietal 
sulcus is an anteroposteriorly oriented fis- 
sure that commences at about the middle of 
the postcentral sulcus and extends horizon- 
tally backward toward the occipital pole 
(Figs. 11-93; 11-94: 11-96). It divides the pos- 
terior part of the parietal lobe into an upper 
portion called the superior parietal lobule 
and a lower part called the inferior parietal 
lobule. The intraparietal sulcus extends pos- 
teriorly into the occipital lobe to join the 
transverse occipital sulcus at nearly a right 
angle. 

POSTCENTRAL GYRUS. The _ postcentral 
gvrus extends along the superolateral sur- 
face of the parietal lobe from the longitudi- 
nal cerebral fissure above to the posterior 
ramus of the lateral sulcus below (Figs. 11- 
93; 11-94: 11-96). Its oblique anteroinferior 
course on the hemisphere is limited in front 
by the central sulcus and behind by the post- 
central sulcus. It lies nearly parallel to the 
precentral gyrus, with which it is physically 
connected around the lower end of the cen- 
tral sulcus. The postcentral gyrus serves as 
the primary somesthetic cortex, in which 
general sensory projections are represented 
in a Characteristic somatotopic pattern. The 
anal, genital. foot, and leg regions are local- 
ized on the medial surface of the postcentral 
gyrus, followed by the thigh, trunk, neck- 
head, upper limb, hand, face, tongue, phar- 
vnx, and intra-abdominal regions, in that 
order, on the superolateral convexity of the 
gyrus. The territories along the gyrus that are 
devoted to the hand and face are dispropor- 
tionately large in comparison to those for 
other parts of the body. 

SUPERIOR PARIETAL LOBULE. The superior 
parietal lobule is located between the 
superomedial border of the hemisphere and 
the intraparietal sulcus (Figs. 11-93; 11-94; 
11-96). Anteriorly, it is bounded by the supe- 
rior part of the postcentral sulcus. around 
the upper end of which it is continuous with 
the postcentral gyrus. Posteriorly, the supe- 
rior parietal lobule is continuous with the 
parieto-occipital arcus or gyrus, a U-shaped 
convolution that curves around the lateral 
limit of the parieto-occipital sulcus. 

INFERIOR PARIETAL LOBULE. ‘The inferior 
parietal lobule lies below the intraparietal 
sulcus and behind the lower part of the post- 
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Fig. 11-96. The superolateral surface of the left cere- 
bral hemisphere, viewed from above. Pink, frontal lobe; 
blue, parietal lobe; yellow, occipital lobe. 


central sulcus (Figs. 11-93; 11-94; 11-96). It 
extends posteriorly as far as the arbitrary 
line that defines the posterior limit of the 
parietal lobe. The inferior parietal lobule is 
divided into the supramarginal gyrus, the 
angular gyrus, and an additional posterior 
convolution. The supramarginal gyrus 
arches over the upturned end of the lateral 
sulcus and it is continuous in front with the 
lower end of the postcentral gyrus and 
posteroinferiorly with the superior temporal 
gyrus. The angular gyrus caps the posterior 
end of the superior temporal sulcus, behind 
and below which it is continuous with the 
middle temporal gyrus. An additional con- 
volution of the inferior parietal lobule often 
lies behind the angular gyrus and it is con- 
tinuous below with the inferior temporal 


gyrus. 
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Sulct and Gyri on the Superolateral Surface 
of the Occipital Lobe 


The occipital lobe is small in comparison 
to the other cerebral lobes, and it has a py- 
ramidal shape, with the apex of the pyramid 
forming the occipital pole of the hemisphere 
(Fig. 11-94). Its superolateral surface is lim- 
ited in front by the lateral part of the pari- 
eto-occipital sulcus and by an arbitrary line 
from that sulcus to the preoccipital incisure. 
Although there is considerable variability 
with respect to the sulcal and gyral pattern 
on this convex surface of the occipital lobe, 
the most frequently observed sulci include 
the transverse occipital sulcus, the lateral 
occipital sulcus, and the lunate sulcus (Fig. 
11-93). The convolutions on the superolat- 
eral surface are also quite variable, but usu- 
ally the lateral sulcus divides much of the 
occipital lobe into the superior and inferior 
lateral occipital gyri (Fig. 11-93). The convo- 
lution capping the parieto-occipital sulcus, 
which helps to form the border between the 
parietal and occipital lobes, is the parieto- 
occipital arcus. 

TRANSVERSE OCCIPITAL SULCUS. The trans- 
verse occipital sulcus is one of the most con- 
stant of the sulci on the superolateral surface 
of the occipital lobe. It commences at the 
superior border of the cerebrum, and when 
viewed from the side, it descends on the sur- 
face of the cerebrum a variable distance 
(about 2.0 cm), just behind the posterior part 
of the parieto-occipital sulcus (Figs. 11-93; 
11-94; 11-96). When viewed from behind, the 
course of the sulcus appears to be more 
transverse because of the slope of the occipi- 
tal lobe. About midway along its course, it is 
usually joined, at nearly a right angle, by the 
posterior end of the intraparietal sulcus, 
which as mentioned previously extends pos- 
teriorly into the occipital lobe. 

LATERAL OCCIPITAL SULCUS. ‘The lateral 
occipital sulcus, when present, is always a 
short sulcus that extends horizontally (an- 
teroposteriorly) on the lateral surface of the 
occipital lobe, dividing it into the superior 
and inferior occipital gyri (Figs. 11-93; 11-94). 
It is usually located in front of the lunate 
sulcus, and its course anteriorly is perpen- 
dicular to that of the lunate sulcus. 

LUNATE SULCUS. The lunate sulcus is a 
short, semilunar-shaped sulcus oriented ver- 
tically on the lateral surface of the occipital 
lobe, a short distance in front of the occipital 
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pole (Fig. 11-93). This crescenteric sulcus ap- 
proximately limits the striate area anteriorly 
on the lateral surface: it is present in about 
70% of human occipital lobes. At times. the 
lunate sulcus is joined posteriorly by the 
anterior end of the calcarine sulcus. 

PARIETO-OCCIPITAL aRCUS. The _ parieto- 
occipital arcus is a U-shaped gyrus that caps 
the lateral end of the parieto-occipital sulcus 
(Figs. 11-93: 11-94: 11-96). This small, arched 
convolution is usually bounded below by 
the occipital part of the intraparietal sulcus 
and behind by the superior part of the trans- 
verse occipital sulcus. The anterior limb of 
the gvrus is arbitrarily considered to be in 
the parietal lobe. and its posterior limb, in 
the occipital lobe because the parieto-occip- 
ital sulcus. around which the gyrus arches. 
forms the boundary between these two 
lobes. 

SUPERIOR AND INFERIOR LATERAL OCCIPITAL 
Gyrt. The horizontally oriented lateral oc- 
cipital sulcus divides the lateral aspect of the 
occipital lobe into the superior and inferior 
occipital gvri (Fig. 11-93). These gyri lie be- 
hind the middle temporal sulcus. extend to 
the posterior border of the cerebrum. and 
vary in number and in shape. The superior 
lateral occipital gvri lie above the lateral 
occipital sulcus. while the inferior gyri lie 
below the sulcus. 


Sulci and Gyri on the Lateral Surface 
of the Temporal Lobe 


The temporal lobe is located below the 
lateral sulcus and in front of the occipital 
lobe: it is limited posteriorly by an arbitrary 
line drawn from the preoccipital incisure to 
the site at which the parieto-occipital sulcus 
crosses the superomedial margin of the cere- 
brum. about 5cm in front of the occipital 
pole (Fig. 11-94). Its location on the cerebrum 
becomes apparent as early as the second 
fetal month. when a slight depression ap- 
pears on the smooth surface of the develop- 
ing cortex: the depression later deepens to 
form the lateral cerebral fossa and the lat- 
eral sulcus. The margins of this fossa con- 
tinue to grow. forming the overlapping folds 
of the opercula, and the sulcus itself elon- 
gates in both directions to separate the tem- 
poral lobe from the frontal and parietal 
lobes anteriorly and superiorly. No specific 
cleft ever forms to separate the temporal 
lobe from the occipital lobe. 


The lateral aspect of the temporal lobe is 
divided into three parallel gyri by two sulci. 
The names of the gyri present no confusion 
because they are simply called the superior, 
middle, and inferior temporal gyri. The sul- 
cus between the superior and middle tempo- 
ral gyri is the superior temporal sulcus, and 
the sulcus between the middle and inferior 
temporal gyri is now called the inferior tem- 
poral sulcus. Formerly, this latter sulcus was 
called the middle temporal sulcus and the 
term inferior temporal sulcus was reserved 
for the fissure located below the inferior 
temporal gvrus. Current terminology recog- 
nizes only two long temporal sulci on the lat- 
eral surface of the temporal lobe (the supe- 
rior and inferior temporal sulci), and the 
sulcus below the inferior temporal gvrus (or 
medial to the gyrus. if it is located on the 
inferior surface of the lobe) is now called the 
occipitotemporal sulcus. 

SUPERIOR TEMPORAL SULCUS. The superior 
temporal sulcus courses below the superior 
temporal gyrus and follows an oblique 
course upward and backward across the 
temporal lobe. It extends from a site near the 
temporal pole into the parietal lobe. where 
the angular gyrus caps its uppermost poste- 
rior end (Figs. 11-93; 11-94). It separates the 
superior from the inferior temporal gyri and 
its course is initially parallel to the lateral 
sulcus and then parallel to the posterior 
ramus of the lateral sulcus. The superior 
temporal sulcus is most frequently a contin- 
uous fissure. but at times it forms a discon- 
tinuous line that is separated into two or 
three sections. 

INFERIOR TEMPORAL SuLCUS. The inferior 
temporal sulcus separates the middle tempo- 
ral gvrus from the inferior temporal gyrus 
(Figs. 11-93: 11-94). It follows the same gen- 
eral direction as the superior temporal sul- 
cus. but it is rarely a continuous fissure. Most 
frequently it consists of two to six frag- 
mented segments (the average is four). 
which usually appear as a disconnected line 
that commences at a site near the inferolat- 
eral border of the temporal lobe and may ex- 
tend into the inferior parietal lobule. Often. 
however. it terminates in the posterior part 
of the temporal lobe before reaching the pa- 
rietal lobe. 

SUPERIOR TEMPORAL GYRUS. The superior 
temporal gvrus is bounded by the posterior 
ramus of the lateral sulcus and by the supe- 
rior temporal sulcus (Figs. 11-93: 11-94). It 


extends from the temporal pole to the ante- 
rior part of the inferior parietal lobule, 
where it is continuous with parts of the su- 
pramarginal and angular gyri. The anterosu- 
perior bank of this gyrus forms the temporal 
operculum and helps to overlap the insula, 
which lies in the floor of the lateral sulcus. 
This opercular surface of the superior tem- 
poral gyrus is marked by three or four trans- 
verse temporal sulci which define several 
short, obliquely oriented convolutions 
called the transverse temporal gyri (of 
Heschl'). These serve as the primary audi- 
tory receiving areas of the cerebral cortex. 

MIDDLE TEMPORAL GYRUS. The middle 
temporal gyrus is located between the supe- 
rior and inferior temporal sulci, and it 
courses in a somewhat convoluted pattern 
backward and upward, roughly parallel to 
the superior temporal gyrus (Figs. 11-93; 11- 
94). It commences at the temporal pole and it 
ends in the inferior parietal lobule, where it 
is continuous with part of the angular gyrus 
and with the posterior convolution of that 
lobule. 

INFERIOR TEMPORAL GYRUS. The inferior 
temporal gyrus courses backward from the 
temporal pole below the inferior temporal 
sulcus, and it forms the inferolateral border 
of the temporal lobe (Figs. 11-93; 11-94). Pos- 
teriorly, it becomes continuous with the in- 
ferior lateral occipital gyri of the occipital 


1Richard L. Heschl (1824-1881): An Austrian pathologist 
and anatomist (Vienna). ' 
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lobe. The inferior temporal gyrus also ex- 
tends onto the inferior or ventral surface of 
the cerebral hemisphere and is limited there 
by another anteroposteriorly coursing fis- 
sure called the occipitotemporal sulcus. The 
portion of the inferior temporal gyrus that 
extends beyond the inferolateral border of 
the temporal lobe and is located on the infe- 
rior temporal surface lateral to the occipito- 
temporal sulcus is designated the lateral 
occipitotemporal gyrus. 


Insula or Central Lobe 


The insula lies hidden in the depths of the 
lateral sulcus on the lateral aspect of the cer- 
ebrum, and it can be seen only if the lips of 
the sulcus are bent backward or are cut 
away (Fig. 11-97). The cortical gyri that over- 
lap this central or insular lobe of the cere- 
bral cortex are derived from the overgrowth 
of the frontal, parietal, and temporal lobes. 
These gyri are separated by the anterior 
(horizontal), anterior ascending, and poste- 
rior rami of the lateral sulcus, and they are 
called the frontal, frontoparietal, and tempo- 
ral opercula. 

OPERCULA OF THE INSULA. The frontal 
operculum actually includes two parts, an 
orbital part, which lies below the anterior 
(horizontal) ramus of the lateral sulcus and 
consists of the pars orbicularis of the infe- 
rior frontal gyrus, and a frontal part, which 
lies between the anterior (horizontal) and 
anterior ascending rami and consists of the 





Fic. 1197. The insula of the left side, exposed by removing the opercula. 


pars triangularis of the inferior frontal gyrus 
(Fig. 11-94). The frontoparietal operculum 
is bounded by the anterior ascending ramus 
of the lateral sulcus and the upturned end of 
the posterior ramus, and it consists of the 
pars opercularis of the inferior frontal gyrus, 
plus the lower parts of the precentral and 
postcentral gyri, and the anterior part of the 
supramarginal gyrus (Fig. 11-94). The tempo- 
ral operculum is the largest of the opercula 
of the insula and, located below the poste- 
rior ramus of the lateral sulcus, it consists of 
the superior temporal gyrus and the trans- 
verse temporal gyri. 

SULCI AND GYR! OF THE INSULA. The insula 
is encircled and separated from the opercula 
by a deep furrow called the circular sulcus 
of the insula (Fig. 11-97). This is sometimes 
called the limiting sulcus of Reil.! When the 
opercula are removed, the insula is seen as a 
pyramidal eminence, the apex of which is 
called the limen insulae. This apex is found 
on the basal surface of the cerebrum and it 
points toward the anterior perforated sub- 
stance. From it the sulci and gyri of the 
insula are directed superiorly in a radial 
manner. The deepest sulcus, called the cen- 
tral sulcus of the insula, divides the insula 
into a large anterior and a smaller posterior 
part. The anterior part is subdivided by sev- 
eral shallow sulci breves (short sulci) into 
three to five gyri breves insulae, while the 
more elongated posterior part is formed by a 
single, long gyrus, the gyrus longus insulae, 
which is usually divided by a slight furrow 
that bifurcates its upper end (Fig. 11-97). The 
cortical gray substance of the insula is con- 
tinuous with the gray substance in the cortex 
of the surrounding opercula, and the deep 
surface of the insula overlies the putamen of 
the neostriatum. Stimulation of the insular 
cortex in the human brain results in visceral 
sensations and autonomic responses. 


MEDIAL SURFACE OF THE CEREBRUM 


The two cerebral hemispheres are ap- 
posed at the median sagittal plane and their 
medial surfaces are flattened, oriented verti- 
cally, and interconnected in their central 
regions by a large commissure of white mat- 
ter called the corpus callosum (Figs. 11-95: 


‘Johann C. Reil (1759-1813): A German physician, neurol- 
ogist, and histologist. 
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11-98). Immediately surrounding much of 
the corpus callosum on the medial cerebral 
surface are the sulcus of the corpus callo- 
sum, the cingulate gyrus, and the cingulate 
sulcus. Beyond these are the outer sulci and 
gyri that mark the medial aspect of the fron- 
tal, parietal, and occipital lobes. Below are 
located the convolutions and sulci on the 
inferomedial surface of the temporal lobe, 
but these are described with the inferior sur- 
face of the cerebrum. 

coRPUS CALLOSUM. The sectioned corpus 
callosum presents the appearance of a 
broad-arched band; it forms one of the most 
distinguishing features on the medial sur- 
face of the cerebrum (Fig. 11-98). If the two 
cerebral hemispheres are observed when 
they are still interconnected, the corpus cal- 
losum can be located in the floor of the lon- 
gitudinal cerebral fissure. It consists of fasci- 
cles of myelinated nerve fibers whose main 
function appears to be the transmission of 
information between the neocortical por- 
tions of the two hemispheres during the 
learning process. Below the anterior and 
middle parts of the corpus callosum, how- 
ever, the cerebral hemispheres are also 
joined by three other tracts—the hippocam- 
pal commissure, the anterior commissure, 
and the crossed fibers of the optic chiasma. 

When visualized on the medial surface of 
one cerebral hemisphere in a split brain, sec- 
tioned along the median sagittal plane, the 
corpus callosum is seen to consist of three 
divisions: (1) a curved anterior end called 
the genu, which gradually tapers into a thin- 
ner portion called the rostrum, the latter 
being continued downward and backward 
in front of the anterior commissure to join 
the lamina terminalis; (2) a thick, rounded, 
posterior end termed the splenium, situated 
dorsal to the pineal body and the corpora 
quadrigemina, from which it is separated by 
the tela choroidea of the third ventricle; and 
(3) a middle portion or trunk of the corpus 
callosum, which arches dorsally between 
these anterior and posterior extremities 
(Figs. 11-98; 11-99). 

Central to the curvature of the anterior 
half of the corpus callosum can be seen the 
laminae of the septum pellucidum. These 
are two thin plates of gray and white matter 
that extend on each side between the corpus 
callosum and another curved, flattened fas- 
cicle of white matter, the fornix (Figs. 11-98; 
11-99). 
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Fic. 11-98. The medial surface of the left cerebral hemisphere in a brain that has been sectioned in the midsagittal 
plane. The brain stem and cerebellum have been removed by an oblique section through the thalamus to expose the 
inferomedial surface of the temporal lobe and the inferior surface of the occipital lobe. (After Sobotta.) 


SULCUS OF THE CORPUS CALLOSUM. The 
sulcus of the corpus callosum (callosal sul- 
cus) is a slit-like fissure that separates this 
commissure of white matter from the overly- 
ing cerebral cortical substance (Fig. 11-98). It 
commences below or ventral to the rostrum 
of the corpus callosum and then encircles 
the convexity of the callosal trunk; finally, it 
curves around the splenium, where it then 
becomes continuous with the hippocampal 
sulcus. Immediately surrounding the corpus 
callosum and separated from it by the 
callosal sulcus is the cingulate gyrus. 

CINGULATE GYRUS. The cingulate gyrus is 
an arched convolution that lies in its entirety 
adjacent to the corpus callosum and is sepa- 
rated from it by the sulcus of the corpus cal- 
losum (Fig. 11-98). It begins below the ros- 
trum, curves around in front of the genu, 
extends along the dorsal surface of the 
trunk, and then turns downward behind the 
splenium of the corpus callosum, where it is 
connected by the narrow isthmus of the 
cingulate gyrus to the parahippocampal 
gyrus. The cingulate gyrus is separated from 
the medial frontal gyrus by the cingulate sul- 


cus and from the precuneus by the more var- 
iable subparietal (or suprasplenial) sulcus. 
The cingulate gyrus has many reciprocal in- 
terconnections with the anterior thalamic 
nuclei, and frequently it is considered to be 
a part of the “limbic system.” 

CINGULATE SULCUS. Visible on the medial 
surface of the cerebral hemisphere is the 
cingulate sulcus, a fissure that begins below 
the anterior end of the corpus callosum, 
from which it is separated by the cingulate 
gyrus (Fig. 11-98). This sulcus courses for- 
ward and then upward and backward, paral- 
leling the rostrum, genu, and the trunk of the 
corpus callosum, as well as the callosal sul- 
cus. Posteriorly, the cingulate sulcus ascends 
a short distance behind the upper end of the 
central sulcus to the superomedial border of 
the hemisphere, where it separates the 
precuneus on the medial surface of the pari- 
etal lobe from the paracentral lobule. This 
upturned posterior end of the cingulate sul- 
cus is sometimes called the marginal portion 
of the cingulate sulcus. Another branch, the 
paracentral sulcus, usually curves dorsally 
from the cingulate sulcus, at some distance 
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rostral to the marginal portion, and marks 
the boundary between the medial frontal 
gyrus and the paracentral lobule (Fig. 11-98). 
The variable subparietal sulcus is located 
more posteriorly, but follows the same di- 
rection as the cingulate sulcus beyond the 
site at which the marginal portion curves 
dorsally. This sulcus sometimes is directly 
continuous with the cingulate sulcus, but 
frequently it is not, and it incompletely sepa- 
rates the more posterior part of the cingulate 
gyrus from the precuneus (Fig. 11-98). 


Viedial Surface of the Frontal Lobe 


On its medial surface, the frontal lobe 
stretches from the frontal pole anteriorly to 
a vertically oriented arbitrary line posteri- 
orly. This line extends downward from the 
superomedial border of the cerebrum, at the 
site at which the central sulcus curves onto 
the medial surface, through the paracentral 
lobule and cingulate gyrus to the sulcus of 
the corpus callosum, near the midpoint of 
the callosal trunk. The rostral halves of the 
paracentral lobule and cingulate gyrus and 
the medial frontal gyrus form most of the 
medial surface of the frontal lobe (Figs. 11- 
95; 11-98). 

The medial frontal gyrus is clearly sepa- 
rated inferiorly from the portion of the 
cingulate gyrus located within the frontal 
lobe by the cingulate sulcus, while the poste- 
rior end of the medial frontal gyrus and the 
anterior half of the paracentral lobule are 
separated by an ascending branch of the 
cingulate sulcus that is called the paracentral 
sulcus (Fig. 11-98). The convolution found 
between the paracentral and central sulci, 
i.e. much of the anterior half of the para- 
central lobule, actually is the medial exten- 
sion of the precentral gyrus from the lateral 
cerebral surface, and it functions as the 
somatomotor region for much of the lower 
extremity. 

Anteriorly the medial frontal and cingulate 
gyri curve nearly 180° backward around the 
genu of the corpus callosum, thereby becom- 
ing oriented posteriorly under the rostrum of 
the corpus callosum. The medial frontal 
gyrus then becomes continuous with the 
subcallosal (or parolfactory) area, being in- 
completely separated from it by the rather 
shallow anterior parolfactory sulcus (Fig. 
11-99). Behind the subcallosal area, between 
the lamina terminalis and the posterior 
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Fic. 11-99. The medial surface of the anterior part of 
the left cerebral hemisphere, showing the subcallosal 
and parolfactory regions. (From E. C. Crosby, T. 
Humphrey, and E. W. Lauer, Correlative Anatomy of 
the Nervous System, Macmillan Publishing Co., New 
York, 1962.) 


parolfactory sulcus, is the paraterminal 
gyrus, which forms the anteroinferior con- 
tinuation of the indusium griseum, a thin 
lamina of gray matter that overlies the supe- 
rior surface of the corpus callosum. 


Medial Surface of the Parietal Lobe 


The anterior boundary of the parietal lobe 
on the medial surface of the cerebrum is 
formed by the central sulcus, from which 
then is continued an imaginary line extend- 
ing from the termination of this sulcus ven- 
trally to the sulcus of the corpus callosum 
(Fig. 11-95). The posterior boundary is 
formed by the prominent parieto-occipital 
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sulcus. Between these boundaries are lo- 
cated the posterior portions of both the 
paracentral lobule and the cingulate gyrus, 
and the entire precuneus (Figs. 11-95; 11-98). 
The marginal branch of the cingulate sulcus 
separates the paracentral lobule from the 
precuneus, and the parieto-occipital sulcus 
courses between the precuneus and the ante- 
rior limit of the medial surface of the occipi- 
tal lobe. The cingulate sulcus and its caudal 
continuation, the subparietal sulcus, limit 
both the paracentral lobule and the precu- 
neus ventrally from the cingulate gyrus (Fig. 
11-98). 

The posterior part of the paracentral lob- 
ule consists of the extension of the postcen- 
tral gyrus from the lateral surface onto the 
medial cerebral surface, and it functions as 
the primary somatosensory receiving region 
for much of the lower limb. The precuneus, 
located on the dorsomedial part of the hemi- 
sphere, represents the medial extension 
from the superolateral surface of the supe- 
rior parietal lobule. 


Medial Surface of the Occipital Lobe 


The medial surface of the occipital lobe is 
marked by the parieto-occipital and calcarine 
sulci, which form the boundaries of a 
wedge-shaped lobule called the cuneus. Ex- 
tending backward into the occipital lobe 
from the inferior surface of the temporal 
lobe is the posterior end of the collateral sul- 
cus. Between the calcarine sulcus and the 
collateral sulcus is located the lingual gyrus, 
which is the caudal continuation of the 
parahippocampal gyrus (Figs. 11-95; 11-98). 

PARIETO-OCCIPITAL SULCUS. The parieto- 
occipital sulcus commences on the convex 
superolateral aspect of the cerebral hemi- 
sphere, about 5cm in front of the occipital 
pole. After coursing superiorly for slightly 
more than 1cm, it continues around the 
superomedial border of the cerebrum and, 
as a deep cleft, it forms the rostral boundary 
of the occipital lobe on the medial surface 
(Fig. 11-95). Its course is directed downward 
and slightly forward, where it then joins the 
calcarine sulcus at an angle of about 45°. 
Beyond this junction the sulcus, which con- 
tinues forward, is called the anterior part of 
the calcarine sulcus. The parieto-occipital 
sulcus separates the precuneus from the 
cuneus, and in the human brain, it almost 
always joins the calcarine sulcus, thereby 
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forming a Y-shaped configuration (Fig. 11- 
98). If the junction between these two sulci is 
opened widely, a submerged transitional 
gyrus, the anterior cuneolingual gyrus, 
which was buried by the overgrowth of the 
surrounding gyri, can be exposed. 

CALCARINE SULCUS. The calcarine sulcus 
begins slightly above the occipital pole, usu- 
ally on the medial surface but at times on the 
lateral surface of the occipital lobe. Along 
the medial aspect of the cerebrum it courses 
forward between the cuneus and the lingual 
gyrus, and it is frequently characterized by a 
dorsal curve, in front of which it is joined 
by the descending parieto-occipital sulcus 
(Figs. 11-95; 11-98). It continues anteriorly 
below the isthmus of the cingulate gyrus and 
splenium of the corpus callosum, where, for 
a short distance, it forms the upper bound- 
ary of the parahippocampal gyrus before 
terminating. 

The portion of the calcarine sulcus in 
front of the junction with the parieto-occipi- 
tal sulcus is frequently called the anterior 
part of the calcarine sulcus (Fig. 11-98), and 
it gives rise to a prominence called the calcar 
avis, which is visible on the medial wall of 
the posterior horn of the lateral ventricle. 
The primary visual receiving area, the stri- 
ate cortex, is located on the upper and lower 
banks, as well as in the depth of the poste- 
rior part of the calcarine sulcus (i.e., the por- 
tion of the sulcus behind its junction with 
the parieto-occipital sulcus). Another sub- 
merged gyrus, the posterior cuneolingual 
gyrus, can be seen crossing the floor of the 
sulcus near the occipital pole. This can be 
exposed by separating the lips of the poste- 
rior part of the calcarine sulcus. 


INFERIOR SURFACE OF THE CEREBRUM 


The inferior or ventral surface of the cere- 
bral hemisphere consists anteriorly of the 
orbital surface of the frontal lobe and, more 
posteriorly, of the inferior surface of the 
temporal and occipital lobes. The stem of 
the lateral sulcus commences on the inferior 
surface of the cerebrum, near the anterior 
perforated substance, and forms a natural 
division between the orbital surface of the 
frontal lobe and the inferior surface of the 
temporal lobe. The inferior surface of the 
occipital lobe and that of the more posterior 
part of the temporal lobe rest on the tento- 
rium of the cerebellum, while the anterior 
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part of the inferior temporal surface lies on 
the floor of the middle cranial fossa. 


Inferior or Orbital Surface of the Frontal Lobe 


The inferior or orbital surface of the fron- 
tal lobe is concave and rests on the orbital 
plate of the frontal bone laterally, on the 
cribriform plate of the ethmoid bone medi- 
ally. and on the lesser wing of the sphenoid 
bone posteriorly. Together these bony struc- 
tures form the anterior cranial fossa on the 
inner aspect of the neurocranium. Most 
medially. the inferior surface of the frontal 
lobe presents a straight and deep anteropos- 
teriorly oriented sulcus called the olfactory 
sulcus (Fig. 11-100). within which lies the 
olfactory bulb and the olfactory tract. Me- 
dial to this sulcus is found the gyrus rectus, a 
narrow, straight gyrus that occupies the re- 
gion along the ventromedial margin of the 
frontal lobe. The gyrus rectus is continuous 
anteriorly with the medial frontal gyrus and 
posteriorly it meets the parolfactory area 
(Figs. 11-98: 11-100). 

Lateral to the olfactory sulcus, the orbital 
surface contains the somewhat variable or- 
bital sulci. These often assume an H-shape, 
the lateral and medial sides of which course 
parallel to the gvrus rectus. Thus, the lateral, 
medial, and transverse orbital sulci divide 
this region into the lateral, anterior, poste- 
rior, and medial orbital gyri (Fig. 11-100). 

The lateral orbital gyrus is continuous 
around the inferolateral margin of the cere- 
bral cortex with the inferior frontal gyrus. 





Fic 11-100 Orbital surface of left frontal lobe. 
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The anterior orbital gyrus is located in front 
of the transverse orbital sulcus and repre- 
sents the orbital surface continuation of the 
middle frontal gyrus around the frontal pole 
of the cerebrum. The posterior orbital gyrus 
is located behind the transverse orbital sul- 
cus and it extends backward nearly to the 
pyramidal apex of the insula, called the 
limen insula. The medial orbital gyrus lies 
medial to the medial orbital sulcus and be- 
comes continuous with the superior frontal 
gyrus around the frontal pole of the cere- 
brum (Fig. 11-100). 


inferomedial Surface of the Temporal Lobe 


The inferomedial surface of the temporal 
lobe has a concave shape and is continuous 
posteriorly with the tentorial surface of the 
occipital lobe. It is traversed by the col- 
lateral and occipitotemporal sulci, which 
course posteroanteriorly, as well as by the 
rhinal sulcus. These sulci divide the region 
into medial and lateral occipitotemporal 
gyri and the parahippocampal gyrus, the 
anteromedial extremity of which curves 
back to form a hook called the uncus (Figs. 
11-95: 11-98). 

COLLATERAL SULCUS. The collateral sulcus 
is a relatively long fissure that commences 
posteriorly near the occipital pole and 
courses rostrally along the tentorial surface 
of the occipital lobe and the inferomedial 
surface of the temporal lobe, where it may 
be continuous with the rhinal sulcus but 
more frequently is not (Figs. 11-95; 11-98). 
Caudally, it separates the lingual gyrus from 
the medial occipitotemporal gyrus (formerly 
called the fusiform gyrus), and more anteri- 
orly it courses between the parahippocampal 
evrus, which is the rostral continuation of 
the lingual gvrus, and the medial occipito- 
temporal gyrus. The rhinal sulcus, which is 
directed anteriorly in the same line as the 
collateral sulcus, separates the terminal part 
of the parahippocampal gyrus and its anter- 
omedial continuation, the uncus, which is 
archeopallial in origin, from the remainder 
of the temporal lobe more laterally located. 

OCCIPITOTEMPORAL SULCUS. The occipito- 
temporal sulcus courses parallel but lateral 
to the collateral sulcus. Its origin, like that of 
the collateral sulcus, is in the occipital lobe 
but it commences more anterior to the occip- 
ital pole than does the lateral sulcus (Figs. 
11-95; 11-98). The occipitotemporal sulcus is 


usually a discontinuous fissure of three or 
more segments, and throughout its extent, it 
separates the medial occipitotemporal gyrus 
from the lateral occipitotemporal gyrus. In 
some older descriptions, this sulcus is called 
the inferior temporal sulcus because the lat- 
eral occipitotemporal gyrus is continuous 
around the inferolateral margin of the tem- 
poral lobe with the inferior temporal gyrus. 

PARAH!PPOCAMPAL GYRUS. The parahippo- 
campal gyrus (formerly called the hippo- 
campal gyrus) is located on the upper aspect 
of the inferomedial surface of the temporal 
lobe. where it arches forward toward the 
temporal pole from the isthmus of the 
cingulate gyrus, with which it is continuous 
(Figs. 11-95; 11-98). Posteriorly, the parahippo- 
Campal gyrus is continued into the occipital 
lobe as the lingual gyrus, while antero- 
medially its extension forms the uncus, a 
rounded convolution that has a hooked 
shape because it is reflected posteriorly and 
medially upon itself. Separating the para- 
hippocampal gyrus from the medial occipito- 
temporal gyrus are the rhinal and collateral 
sulci. Above and posteriorly, the parahippo- 
campal gyrus is bounded by the anterior 
part of the calcarine sulcus, while internally 
it is bounded by the hippocampal sulcus, 
which separates the parahippocampal gyrus 
from the dentate gyrus. 

MEDIAL OCCIPITOTEMPORAL GYRUS. The 
medial occipitotemporal gyrus (formerly 
called the fusiform gyrus) is a long, postero- 
anteriorly oriented convolution that lies on 
the tentorial or basal surface of the cere- 
brum and separates the parahippocampal 
and lingual gyri from the lateral occipito- 
temporal gyrus (Figs. 11-95; 11-98). It is 
bounded by the collateral and rhinal sulci 
on its medial side and by the occipitotem- 
poral sulcus laterally, and it extends from 
nearly the occipital pole to the temporal 
pole. where it merges with the anterior ends 
of the three temporal gyri from the lateral 
surface of the cerebrum. 

LATERAL OCCIPITOTEMPORAL GYRUS. The 
lateral occipitotemporal gyrus lies parallel 
to the medial occipitotemporal gyrus, and 
although anteriorly it reaches as far as the 
temporal pole, it does not extend posteriorly 
into the occipital lobe nearly as far as does 
the medial occipitotemporal gyrus (Figs. 11- 
95; 11-98). It is separated medially from the 
medial occipitotemporal gyrus by _ the 
occipitotemporal sulcus. Laterally it forms 
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the inferolateral margin of the cerebral 
hemisphere and it is continuous around this 
border with the inferior temporal gyrus. 


Inferior Surface of the Occipital Lobe 


The inferior surface of the occipital lobe 
overlies the arched crescenteric fold of dura 
mater, called the tentorium cerebelli. Be- 
cause the tentorium covers the cerebellum, 
this surface is sometimes referred to as the 
tentorial surface of the occipital lobe. By 
accommodating the superior surface of the 
cerebellum, its shape is somewhat concave 
and it extends backward all the way to the 
occipital pole from the temporal] lobe, be- 
yond an arbitrary line drawn between the 
occipital incisure and the isthmus of the 
cingulate gyrus. Marking the inferior surface 
of the occipital lobe are the posterior exten- 
sions of the collateral and occipitotemporal 
sulci, which were described above. The gyri 
are also continuous with those of the tempo- 
ral lobe across the arbitrary temporo-occipi- 
tal boundary; they include the posterior part 
of the parahippocampal gyrus, called the lin- 
gual gyrus, and the posterior segments of the 
medial and lateral occipitotemporal gyri 
(Fig. 11-98). 


THE RHINENCEPHALON 


The term rhinencephalon is derived from 
two Greek words, rhis (rhin), meaning nose, 
and enkephalos, meaning brain. It refers to 
the olfactory brain and, in agreement with 
Brodal (1981), it is used strictly here to incor- 
porate only the olfactory bulb and those re- 
gions that receive nerve fibers from the ol- 
factory bulb. This more classical use of the 
term avoids some of the confusion in the lit- 
erature that has arisen during the last several 
decades and focuses on the structures that 
are principally related to the afferent path- 
ways for the sense of smell in the micro- 
smotic infrahuman primate and human 
brain. In certain lower vertebrates, the rhi- 
nencephalon is large, and in these macros- 
motic mammals much of the pallium or cor- 
tex is occupied by olfactory structures. In 
the subhuman primate and human brain, 
however, the rhinencephalon is relegated to 
more or less hidden regions on the medial 
and inferior surfaces of the hemispheres due 
to the enormous development of the neo- 
cortex. 
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In essence, the rhinencephalon consists of 
structures derived from the primitive olfac- 
tory and piriform lobes (Fig. 11-19) and in- 
cludes the associated prepiriform and 
periamgydaloid cortical regions, or paleo- 
cortex. In this description the following 
structures will be considered as comprising 
the rhinencephalon: the olfactory bulb and 
tracts, including the medial, intermediate, 
and lateral olfactory striae; the anterior ol- 
factory nucleus; the olfactory trigone:; the 
anterior perforated substance (or olfactory 
tubercle) and diagonal band; the prepiriform, 
periamygdaloid, and entorhinal cortical re- 
gions of the piriform lobe; as well as the 
corticomedial nuclei of the amygdaloid 
complex. 


Olfactory Bulb 


The olfactory bulb is a flat, ovoid mass of 
gray substance that rests on the lateral bor- 
der of the cribriform plate of the ethmoid 
bone. Its anterior and inferior surfaces re- 
ceive the olfactory nerve fibers, called fila 
olfactoria. These pass upward through the 
cribriform plate from the specialized olfac- 
tory epithelium, which contains the neuro- 
sensory olfactory receptor cells located in 
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the superior part of the nasal cavity. The 
smooth superior surface of the olfactory 
bulb underlies the rostral part of the olfac- 
tory sulcus, a fissure that courses between 
the gyrus rectus and the medial orbital gyrus 
on the orbital surface of the frontal lobe (Fig. 
11-89). Because the olfactory bulb develops 
in the embryo around an ependymal cell- 
lined cavity that extends anteriorly and ven- 
trally from the lateral ventricle, its central 
core in the adult still contains some ependy- 
mal cells that mark the site of the primitive 
olfactory ventricle. 

The olfactory bulb is the primary relay 
station for olfactory impulses generated in 
the olfactory receptor cell. Although the 
human olfactory bulb does not have so dis- 
tinct a laminar structure as that seen in 
certain other mammals, its organization 
into layers is still recognizable (Fig. 11-101). 
Commencing on its superficial aspect, the 
olfactory bulb consists of the following six 
laminae. 

OLFACTORY NERVE FIBER LAYER. The olfac- 
tory nerve fiber layer is composed of axons 
derived from olfactory receptor bipolar neu- 
rons, whose cell bodies are located in a 
rather evenly distributed pattern in the ol- 
factory epithelium of the nasal cavity. The 
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The neuronal structure (right) and layers (left) of the olfactory bulb. (From Benninghoff and Goerttler. 


Lehrbuch der Anatomie des Menschen, 8th ed., Vol. 3, Urban and Schwarzenberg, Munich, 1967.) 
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hbers are collected into about 20 small nerve 
bundles and most of these enter the anterior 
and inferior aspect of the olfactory bulb to 
form a shallow superficial lamina. 

GLOMERULAR LAYER. Immediately deep to 
the olfactory nerve fiber layer is located the 
glomerular layer. This consists of a band of 
synaptic spheres called olfactory glomeruli, 
within which the incoming olfactory recep- 
tor fibers synapse, primarily with descend- 
ing dendrites from mitral cells. The olfac- 
tory glomeruli, which measure as much as 
0.1mm in diameter, are complex synaptic 
pools that contain hundreds of synaptic 
processes from tufted cells and multipolar 
neurons, called periglomerular cells, in addi- 
tion to the incoming olfactory receptor fibers 
and dendrites from the mitral cells. 

EXTERNAL GRANULAR LAYER. Deep to the 
glomerular layer is located a lamina of 
rounded cells that forms the external granu- 
lar layer. These cells are small and multipolar 
and are considered periglomerular cells be- 
cause their processes participate in the for- 
mation of the glomeruli. 

MOLECULAR LAYER. Deep to the external 
granular layer and separating it from the 
mitral cell layer is a rather wide lamina of 
nerve cell processes called the molecular 
layer. Many of these processes are dendrites 
from mitral cells and they course superfi- 
cially toward the synaptic glomeruli, but 
others come from granule cells and tufted 
cells that also participate in the glomerular 
synaptic pools. A few scattered nerve cell 
bodies are also seen in the molecular layer. 

MITRAL CELLLAYER. The mitral cell layer is 
a thin lamina consisting of a single row of 
sparsely placed mitral cell bodies that have a 
pyramidal shape. These are the largest neu- 
rons in the olfactory bulb and they send 
their dendrites toward the surface to the ol- 
factory glomeruli and their axons inward to 
the core of the olfactory bulb to form many 
of the fibers in the olfactory tract. 

INTERNAL GRANULAR LAYER. Deep to the 
mitral cell layer is the internal granular 
layer, which consists of rounded or stellate 
neuronal cell bodies whose dendritic proc- 
esses extend superficially into the molecular 
layer, and some may even reach the olfac- 
tory glomeruli. The cells of the internal gran- 
ular layer also synapse with collaterals from 
the mitral cells. Deep to the internal granular 
layer, near the central core of the olfactory 
bulb, are small collections of ependymal 
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cells that remain as vestiges of the lining of 
the primitive olfactory ventricle. Also at this 
level are the axons of the mitral and tufted 
cells that form the fibers of the olfactory 
tract (Fig. 11-101). 


Anterior Olfactory Nucleus 


In its caudal part, the olfactory bulb loses 
its laminated structure and the cells of the 
internal granular layer are replaced by scat- 
tered groups of medium-sized, pyramidal- 
Shaped neurons that extend diffusely along 
the olfactory tract and collectively are called 
the anterior olfactory nucleus (Fig. 11-102). 
The neuronal clusters of the anterior olfac- 
tory nucleus in the human brain also extend 
behind the olfactory tracts along the olfac- 
tory striae to the olfactory trigone, the ante- 
rior perforated substance, the parolfactory 
area, and laterally to the prepiriform cortex. 
Some fibers in the olfactory tract synapse 
with the cells in the anterior olfactory nu- 
cleus, and then the axons of the postsynaptic 
cells enter the olfactory tract to join those 
olfactory tract fibers that do not synapse. 


Olfactory Tract, Trigone, and Striae 


OLFACTORY TRACT. The olfactory tract is 
about 20mm long and courses backward 
from the olfactory bulb as a narrow white 
band, triangular in section, that lies below 
the olfactory sulcus along the inferior sur- 
face of the frontal lobe (Fig. 11-103). It con- 
sists of axons of the mitral and tufted cells of 
the ipsilateral olfactory bulb, other fibers 
from cells in the anterior olfactory nucleus, 
recurrent collaterals from cells in the ipsilat- 
eral olfactory bulb, and efferent axons from 
the opposite olfactory bulb. These latter fi- 
bers cross in the anterior commissure to syn- 
apse on neurons of the anterior olfactory 
nucleus, as well as on mitral cells in the con- 
tralateral olfactory bulb. Just rostral to the 
anterior perforated substance, the olfactory 
tract joins the posteroinferior surface of the 
frontal lobe at a triangular expansion, the 
olfactory trigone. The olfactory tract then 
diverges into three strands: medial, interme- 
diate, and lateral olfactory striae. 

OLFACTORY TRIGONE. The olfactory trigone 
is asmall, smooth, triangular wedge of corti- 
cal gray matter, located on both sides of the 
brain just above the optic nerve; it consists 
of the diverging fibers of the olfactory tract 
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Fig. 11-102. The olfactory pathways. Note the synaptic connections in the anterior olfactory nucleus and diverging 
olfactory tract fibers that form the olfactory striae. (From C. R. Noback, The Human Nervous System, McGraw-Hill, 


New York, 1967.) 


(Fig. 11-103). With its apex directed forward 
and its base oriented posteriorly toward the 
anterior perforated substance, the olfactory 
trigone is bounded medially and laterally by 
the roots of the olfactory tracts, which con- 
tinue to divide to form the medial and lateral 
olfactory striae. 

oL_Factory striae. As the olfactory tract 
diverges caudally, its fibers form the medial 
and lateral olfactory striae (or tracts). These 
initially course along the medial and lateral 
sides of the olfactory trigone and enclose 
two of its three sides. A small third fascicle 
of fibers, called the intermediate olfactory 
stria, is formed between the medial and lat- 
eral striae (Fig. 11-103). 

Medial Olfactory Stria. The medial olfac- 
tory stria passes medially along the rostral 
border of the anterior perforated substance 
and is augmented by a thin layer of gray 
matter to form the medial olfactory gyrus. 
Near the ventromedial border of the frontal 
lobe, it is accompanied in its course by the 
diagonal band (of Broca). These superficially 
located fibers ascend on the medial aspect of 
the hemisphere, immediately in front of the 
paraterminal body, which separates them 
from the upper end of the laminae termi- 
nalis. The fibers of the diagonal band enter 


the paraterminal (or subcallosal) gyrus and 
the medial olfactory stria becomes continu- 
ous with the parolfactory area. Beyond the 
olfactory trigone, the medial olfactory stria 
supplies fibers to the medial part of the ante- 
rior perforated substance, the parolfactory 
area (of Broca), and the paraterminal gyrus. 
Other fibers course across the anterior com- 
missure to terminate in the opposite olfac- 
tory bulb. 

Lateral Olfactory Stria. The lateral olfac- 
tory stria becomes the superficial layer of 
the olfactory cortex and forms the lateral 
olfactory gyrus. It passes immediately later- 
ally and caudally, around the lateral border 
of the anterior perforated substanee and 
toward the anteroinferior corner of the 
insula (the limen insula), where it bends 
sharply backward and medially toward the 
region of the uncus. The fibers of the lateral 
olfactory stria terminate in the lateral part of 
the anterior perforated substance, the pre- 
piriform and periamygdaloid areas, the 
corticomedial nuclei of the amygdaloid com- 
plex, and even in portions of the entorhinal 
COMTEX: 

Intermediate Olfactory Stria. Vhe inter- 
mediate olfactory stria arises from the olfac- 
tory tract between the medial and lateral ol- 
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Fic. 11-103. The basal aspect of the forebrain with the optic chiasm and optic nerves reflected caudally to show the 
olfactory structures. (Redrawn after M. B. Carpenter, Human Neuroanatomy, 7th ed., Williams and Wilkins, Balti- 


more, 1976.) 


factory striae. It passes directly posteriorly 
and its fibers terminate within the ipsilateral 
anterior perforated substance. 


Anterior Perforated Substance 


The anterior perforated substance is a flat, 
smooth, nearly triangular area of gray matter 
located on the basal surface of the cerebral 
hemisphere, just behind the olfactory trigone 
and olfactory striae (Fig. 11-103); in macros- 
motic mammals it is marked by a small, oval 
elevation, the olfactory tubercle. It is named 
for the numerous minute orifices on its basal 
surface that are formed by many small pene- 
trating branches of the middle cerebral ar- 
tery, which supplies the region, and many 
small perforations become evident after 
removal of the pia mater. The fibers of the 
intermediate olfactory stria enter the ante- 
rior perforated substance directly from the 
olfactory tract. Posteromedially, the anterior 
perforated substance is bounded by the di- 
agonal band of Broca and the optic nerve, 
while posterolaterally it is limited by the lat- 


eral olfactory stria, as that bundle turns 
medially toward the prepiriform cortex. 

The anterior perforated substance consists 
of three well defined layers in its middle re- 
gion, but its rostral and caudal parts are 
poorly differentiated and show only an outer 
non-neurocellular plexiform zone that over- 
lies a thin layer of gray matter. In the middle 
region, however, deep to the external plexi- 
form zone, is found an intermediate pyrami- 
dal cell layer, and below this lies a polymor- 
phic layer of cells. Additionally, significant 
collections of pyramidal and granule cells, 
called the islands of Calleja,! are scattered 
within the anterior perforated substance; 
their function is unknown. 


Piriform Lobe 


The piriform lobe is so named because it is 
pear-shaped and it retains that appearance 
in many macrosmotic lower mammals. From 
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rostral to caudal it includes the prepiriform 
area and the periamygdaloid (or piriform) 
area (Figs. 11-104; 11-105), which occupy the 
upper anterior aspect of the uncus and the 
entorhinal area. The latter constitutes much 
of the parahippocampal gyrus in the human 
brain (area 28). Whereas the prepiriform and 
periamygdaloid cortical areas are character- 
ized by three layers, the entorhinal cortex, 
which is much larger in the human brain 
than in the brains of lower mammals, is a 
somewhat specialized five-layered region; it 
probably represents a transitional form of 
cortical structure, somewhat simpler than 
the typical six-layered isocortex. 

The prepiriform area, frequently called 
the lateral olfactory gyrus, is the anterior 
part of the piriform lobe. It consists of a thin 
layer of gray substance underlying the inner 
border of the superficial lateral olfactory 
stria. It is of considerable size in lower ani- 
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Fic. 11.104. A diagrammatic representation of the 
sites of termination of some of the fibers in the olfactory 
tract. Insert diagram shows subdivisions of the amygda- 
loid complex: N.o.t., nucleus of the olfactory tract. 
Amygdaloid nuclei: M, medial; Co, cortical; C, central; B, 
basal; L. lateral. (From A. Brodal, Neurological Anat- 
omy, 3rd ed., Oxford University Press, New York, 1981, 
after Ef. J. Lammers, in Neurobiology of the Amygdala, 
Plenum Press, New York, 1972.) 
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mals and is also quite evident in the fetal 
human brain. In the adult human brain its 
relative size becomes diminished and it 
forms only a slight elevated ridge that ini- 
tially curves laterally toward the insula and 
then stretches caudomedially, blending im- 
perceptibly with the periamygdaloid area in 
the rostral amygdaloid region. The _ peri- 
amygdaloid area is a three-layered paleo- 
cortical region that structurally is similar to, 
but extends behind, the prepiriform area 
and overlies the amygdaloid complex (Fig. 
11-105). Unlike all other primary afferent 
cortical receiving areas, the prepiriform and 
periamygdaloid areas do not receive their 
afferent fibers as projections from the thala- 
mus, and they do not have large numbers of 
stellate (or granule) cells, which are typical 
in the primary visual, auditory, and somes- 
thetic cortical receiving areas. 

The entorhinal area is the cortical region 
of the most posterior part of the piriform 
lobe in lower mammals, and in the human 
brain it receives its maximal development, 
forming a large part of the exposed surface 
of the rostral parahippocampal gyrus (area 
28). It is limited laterally by the rhinal sulcus 
and is bounded medially by the hippocam- 
pal sulcus (Fig. 11-105). The entorhinal area 
is a five-layered cortical region that until 
recently was thought to not receive direct 
olfactory bulb fibers. It now appears that in 
several animal species the entorhinal area 
not only receives projections from the pre- 
piriform and periamygdaloid areas, but from 
the olfactory bulb as well. The entorhi- 
nal region is continuous medially by way of 
the subicular zones with the beginning of 
Ammon’s horn. 

For many years it has been known that the 
prepiriform and periamygdaloid areas re- 
ceive direct projections from the olfactory 
bulb by way of the lateral olfactory stria, 
and they have been considered, therefore, 
the primary olfactory cortex. In contrast, the 
entorhinal area was thought to receive only 
olfactory impulses through synaptic connec- 
tions in the prepiriform and periamygdaloid 
areas, and was therefore considered a sec- 
ondary olfactory cortical region. Recent re- 
search utilizing new anatomic methods on 
several animal species has offered evidence 
that certain parts of the entorhinal area re- 
ceive direct olfactory bulb projections, as 
well as input from the known primary olfac- 
tory cortical regions. 
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Fic. 11-105. A schematic drawing showing the rhinencephalic structures of the right hemisphere as seen from a 
medial view. Note the prepiriform, periamygdaloid, and entorhinal parts of the piriform lobe, bounded laterally by the 
rhinal fissure. (From O. Larsell, Anatomy of the Nervous System, 2nd ed., Appleton-Century Crofts, New York, 1951.) 


Amygdaloid Body 


The amygdaloid body consists of a group 
of nuclei, located in the dorsomedial part of 
the rostral temporal lobe, that underlies or 
forms a bulge called the uncus (Fig. 11-106). 
The uncus is partially covered by the 
periamygdaloid cortex. The amygdala over- 
lies the rostral extremity of the temporal 
horn of the lateral ventricle (Fig. 11-107), and 
it receives its name from its almond-like 
shape. Its nuclear masses are divisible into 
two major groups: the corticomedial nuclei 
and the basolateral nuclei. The central amyg- 
daloid nucleus, the boundaries of which are 
somewhat obscure, is usually included in 
the corticomedial group. 

The corticomedial nuclear group in the 
human amygdaloid body is positioned in the 
dorsomedial part of the complex because of 
the nature of the rotation of the temporal 
lobe. It includes the anterior amygdaloid 
area, the nucleus of the lateral olfactory 
tract, and the central, medial, and cortical 
amygdaloid nuclei (Fig. 11-104). The 
basolateral nuclear group consists of the /at- 
eral amygdaloid nucleus, the basal amyg- 


daloid nucleus, and dorsomedial to the basal 
nucleus and indistinctly separated from the 
overlying cortex, the accessory basal 
amygdaloid nucleus (Fig. 11-104). As one 
ascends the phylogenetic scale, the portion 
of the amygdaloid body consisting of the 
basolateral nuclear group increases in size in 
comparison with the portion that represents 
the corticomedial nuclear group. This is 
clearly the case when the amygdala in the 
human brain is compared with the same 
structure in infraprimate mammals such as 
the rat and rabbit, and these differences 
seem to be reflected both in the nature of the 
neural connections and in the functions 
served by the two nuclear groups. 
AFFERENT FIBER CONNECTIONS OF THE AMYG- 
DALOID NUCLEI. The nucleus of the lateral 
olfactory tract and the cortical nucleus in 
the corticomedial group receive direct pro- 
jections from the olfactory bulb by way of 
the lateral olfactory stria, and thus they may 
be considered “rhinencephalic” structures. 
The basolateral nuclei also receive olfactory 
impulses, but these are not direct olfactory 
bulb projections because they come, instead, 
through synaptic connections in the primary 
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Fig. 11-106. A schematic drawing of a brain in which the left hemisphere has been dissected to expose the 
amygdaloid body and the caudate and lentiform nuclei. The left lateral ventricle is shown with a solid line where the 
wall is intact and with an interrupted line where it has been dissected away. Note the position of the amygdala and 
compare with Figure 11-107, (From S, W. Ranson and S. L. Clark, The Anatomy of the Nervous System, 10th ed., W. 
B, Saunders, Philadelphia, 1959). 


olfactory cortex of the piriform lobe. Addi- project to both the medial and lateral parts 
tionally, the amygdaloid nuclei receive affer- | of the amygdala in certain species. 
ent fibers from several neocortical regions. The amygdala also receives afferent fibers 


The inferior temporal cortical region has by means of pathways that formerly were 
been reported to project to the central and considered only efferent amygdaloid tracts. 
lateral amygdaloid nuclei, while orbitofron- | Thus, the stria terminalis contains afferent 
tal cortical regions have been reported to fibers coursing to both corticomedial and 
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FiG 11-107. A diagrammatic representation of the ventricular system in the brain to illustrate the relationship of the 
amygdaloid body and the caudate nucleus to the lateral ventricle. (Redrawn after E. C. Crosby, T. Humphrey, and E, 
W, Lauer, Correlative Anatomy of the Nervous System, Macmillan Publishing Co., New York, 1962.) 
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Fic. 11-108. The dorsal amygdalofugal pathway. Fibers that arise in the amygdala follow the curved postcommis- 
sural course of the stria terminalis (solid line) to terminate in the bed nucleus of the stria terminalis on the same side 
(L. bednc. Str.T.), as well as the preoptic area (A.P.O.). Other fibers (dashed line) course in front of the anterior 
commissure, curve caudally, and terminate in the ventromedial nucleus of the hypothalamus (V.M.) and the ventral 
premammillary region (V.Pr.M.). A few fibers (dotted line) cross in the anterior commissure (C.A.) and project to the 
opposite amygdala. (From H. J. Lammers in The Neurobiology of the Amygdala, edited by B. E. Eleftheriou, Plenum 


Press, New York, 1972.) 


basolateral nuclear groups from the preoptic 
and anterior hypothalamic regions and 
probably also from certain thalamic nuclei. 
Even the so-called ventral amygdalofugal 
pathway is known now to contain amyg- 
dalopetal fibers from preoptic and rostral 
hypothalamic zones. Furthermore, the amyg- 
daloid nuclei receive input from the nucleus 
medialis dorsalis of the thalamus by way of 
the inferior thalamic peduncle and also from 
the raphe nuclei and the reticular formation 
in the brain stem. 

EFFERENT FIBER CONNECTIONS OF THE 
AMYGDALOID nucte!. Efferent fibers emerge 
from the amygdaloid nuclei by way of a dor- 
sal amygdalofugal tract, which contributes 
to the stria terminalis and for the most part is 


thought to arise in the corticomedial nuclei 
(Fig. 11-108), and by a ventral amygdalofu- 
gal tract, which principally consists of effer- 
ent fibers from the basolateral nuclei (Fig. 
11-109). 

The stria terminalis arises from the poste- 
rior aspect of the amygdaloid nuclei and fol- 
lows a curved course, along with the 
thalamostriate vein, in a groove that is visi- 
ble on the wall of the lateral ventricle be- 
tween the thalamus and the tail of the 
caudate nucleus. As the stria terminalis 
approaches the posterior aspect of the ante- 
rior commissure, many of its fibers enter 
groups of neurons that are collectively 
called the bed nucleus of the stria termi- 
nalis, while other postcommissural fibers 
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continue ventrally into the anterior hypo- 
thalamus. Other fibers in the stria terminalis 
course over the anterior commissure to as- 
sume a precommissural position and then 
curve ventrally to end in the medial preoptic 
region, in the anterior hypothalamus, and 
more caudally in the region around the 
ventromedial hypothalamic nucleus (Fig. 
11-108). 

Etferent fibers in the ventral amygdalofugal 
pathway are thought to arise in part from the 
basal and lateral amygdaloid nuclei and in 
part from the prepiriform cortex. They 
course more directly to preoptic and hypo- 
thalamic regions, as well as to the nucleus of 
the diagonal band and the dorsomedial nu- 
cleus of the thalamus. This ventral amyg- 
daloid projection appears to terminate in 
more lateral parts of the preoptic and hypo- 


RR ee Se 


corpus amygd: 


\e 
Wy 





irate & VTRAI 


C. periamygd. 


NERVOUS SYSTEM 


thalamic regions, in contrast to the projec- 
tions from the stria terminalis, which end 
more medially (Fig. 11-109). 

The functions of the amygdaloid nuclei 
appear to be many and varied, and a wide 
range of behavioral, visceral, and endocrine 
alterations are observed after electrical stim- 
ulation or selective ablation. These include 
arrest, arousal, and orienting responses, and 
flight, defense, attack, feeding, and sexual 
behaviors. Additionally, the amygdaloid 


nuclei are reported to exert an influence on 
the secretion of hormones such as gonado- 
trophin, adrenocorticotrophin, thyrotrophin, 
and vasopressin. In many of these functions, 
it appears that the amygdala functions 
through its anatomic connections with the 
hypothalamus. 





Fic. 11-109. The ventral amygdalofugal pathway. Fibers that arise in the basal and lateral amygdaloid nuclei, as well 
as others that arise in the piriform and periamygdaloid cortex (solid lines) project ventromedially to the preoptic 
(A.P.O.) and anterior hypothalamic (A.H.A.) regions. Other fibers project to the olfactory tubercle (Tub. olf.), the 
diagonal band of Broea (Br.), and the anterior amygdaloid area (A.A.A.). From these latter sites nerve fibers descend in 
the medial forebrain bundle (M.F.B.). Also note (dashed lines) the projections from the olfactory bulb to the primary 
olfactory cortex. (From H. J. Lammers in The Neurobiology of the Amygdala, edited by B. E. Eleftheriou, Plenum Press, 


New York, 1972.) 


GROSS ANATOMY OF THE CENTRAL NERVOUS SYSTEM 


Crus of fornix 


Hippocampal commissure 











Suprapineal recess 


Habenular 
commissure 


Pineal body 
Posterior 
commissure 


Superior colliculus 


Hypothalamic 
sulcus 


Aqueductus 
cerebri 


Oculomotor nerve 


1059 


Velum interpositum (cut) 


Stra medullaris 
Body of fornix 


Choroid plexus 


Interventricular 
foramen 


Column of fornix 


Longitudinal stria 


Subcallosal gyrus 
Paraterminal 
gyrus 


Parolfactory area 


Anterior 
commissure 


Lamina terminalis 






Optic chiasma 
Hypophysis 


Uncus of hippocampal gyrus 


Mammillary boay 


Fic. 11-110. Median sagittal section of the brain stem and diencephalon, showing the corpus callosum, septum 
pellucidum (not labelled), lamina terminalis, and subcallosal and parolfactory regions. 


SEPTAL REGION 


The septal region includes the septum 
pellucidum, which occupies the nearly tri- 
angular and vertically-oriented interval be- 
tween the fornix and the arch of the corpus 
callosum, and the so-called septal area or 
septum verum (true septum), which is lo- 
cated rostral to the anterior commissure and 
lamina terminalis. The true septum corre- 
sponds to the medially located cortical re- 
gions called the paraterminal gyrus and the 
subcallosal area (Figs. 11-110; 11-111). 

SEPTUM PELLUCIDUM. The septum pelluci- 
dum lies above the anterior commissure and 
therefore is sometimes referred to as the 
supracommissural septum. On each side, it 
consists of a thin, vertical partition; together 
these partitions separate the anterior horns 
of the two lateral ventricles. Each of these 
two laminae extends backward from the ros- 
trum and genu of the corpus callosum and is 
prolonged under the body of the corpus cal- 
losum to the splenium, where it terminates. 
Inferiorly, each vertical lamina is attached 
to the fornix, and the medial surfaces of the 
two laminae may be fused in the midline or 
may enclose a narrow median cavity called 


the cavum septum pellucidi, which is some- 
times referred to as the fifth ventricle but is 
not known to communicate with the ventric- 
ular system. The laminae are thin sheets of 
neural tissue composed of a layer of “gray 
substance,” which is located medially, adja- 
cent to the cavum, and a layer of white mat- 
ter, oriented laterally toward the ventricle, 
over which is spread an ependymal lining. 

SEPTAL AREA. In a median sagittal view of 
the brain can be seen a region, located im- 
mediately rostral to the anterior commissure 
and lamina terminalis, that constitutes the 
paraterminal gyrus or paraterminal body 
(Fig. 11-110). In fact, it is the rostral continu- 
ation of a thin layer of gray substance, called 
the indusium griseum (or hippocampal 
rudiment), that covers the superior surface 
of the corpus callosum. In front of the 
paraterminal gyrus are the subcallosal and 
parolfactory areas (Figs. 11-110; 11-111). The 
septal area includes the paraterminal gyrus 
and the adjacent parolfactory area as well as 
the subcallosal area, and it consists of nu- 
clear groups that are usually divided into the 
medial and lateral septal nuclei. The medial 
septal nucleus is coextensive with the nu- 
cleus and tract of the diagonal band, while 
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the lateral septal nucleus occupies the region 
anterodorsal to the anterior commissure and 
is continuous with the gray lamina of the 
septum pellucidum. Two. other nuclear 
groups in this region include the bed nucleus 
of the stria terminalis and the nucleus 
accumbens. 

Afferent fibers to the septal nuclei are de- 
rived from several forebrain and brain stem 
sites. Projections that appear to be topo- 
graphically organized reach the lateral sep- 
tal nucleus from the subicular part of the 
hippocampal formation by way of the 
precommissural fornix. Other allerent libers 
reach the septal nuclei from the amygdala, 
after they pass through the stria terminalis 
and the diagonal band. Still other fibers from 
the locus ceruleus, raphe nuclei, mesence- 
phalic reticular formation, and lateral hypo- 
thalamus course to the septum via ascending 
catecholaminergic fibers in the medial fore- 
brain bundle. There also may be some input 
to the septum from the cingulate gyrus. 

Elferent projections from the septal nuclei 
course back to the hippocampus through the 
fornix. These appear to be cholinergic fibers 
and they arise mainly from the medial septal 
nucleus. A second important septal projec- 
tion travels along the medial forebrain bun- 
dle to the lateral hypothalamus, the mam- 
millary bodies, and the tegmentum of the 
midbrain. Other efferent septal fibers enter 
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Schema of the rhinencephaton and hippocampal formation. Note the septum pellucidum, paraterminal 


the stria medullaris and pass to the habenular 
and interpeduncular nuclei, and still others 
course along the stria terminalis to the cen- 
tral and medial amygdaloid nuclei. As a re- 
sult of these interconnections, it can readily 
be appreciated that the septal area is a fore- 
brain structure that strategically interacts 
with many important brain stem, dience- 
phalic, and telencephalic structures, and it is 
not surprising that septal lesions can influ- 
ence a variety of behaviors. The so-called 
septal syndrome, which is observed in some 
animals following septal lesions, is charac- 
terized by a transient increased aggressivity 
and a heightened reactivity and irritability 
to environmental stimuli; however, many 
more subtle effects are also observed in 
these animals when they are studied in con- 
ditioning paradigms. 


ANTERIOR (ROSTRAL) COMMISSURE 


The anterior commissure is a bundle of 
myelinated nerve fibers that crosses the mid- 
line just rostral to the columns of the fornix 
(Figs. 11-102; 11-108; 11-110). Located within 
the upper portion of the lamina terminalis, it 
overlies the preoptic area and thereby helps 
to form the anterior wall of the third ventri- 
cle. In sagittal section it is oval, with the long 
diameter of the oval oriented vertically. Its 
constituent fiber bundles are twisted like the 
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FiG. 11-112. Coronal sections of the human forebrain at two stages of development. In A, the neopallium occupies a 
restricted region in the lateral surface of the hemisphere between the hippocampus and the piriform area. In B, the 
neopallium has expanded, thereby displacing the hippocampus onto the medial surface of the cerebrum, close to the 
ependymal roof of the diencephalon. (From J. Davies, Human Developmental Anatomy, Ronald Press, New 


York, 1963.) 


strands of a rope, and these curve backward 
and laterally, forming a deep groove on the 
inferior aspect of the rostral part of the 
lentiform nucleus. Across the anterior com- 
missure course fibers that interconnect the 
olfactory bulbs and anterior olfactory nu- 
clei, the anterior perforated substance, the 
diagonal band and the olfactory tubercles, 
the amygdaloid nuclei, the’ prepiriform cor- 
tex, the entorhinal area, the parahippocampal 
gyri and neocortical portions of the cortex in 
the temporal lobe, and some fibers from the 
frontal lobe. 


HIPPOCAMPAL FORMATION 


The hippocampal formation develops 
along the fringe of the pallium on the lower 
medial aspect of the cerebral hemisphere; it 
commences its differentiation even before 
the corpus callosum is formed. During the 
second prenatal month, the lower part of the 
medial pallial wall becomes thin near the 
site at which the pallium attaches to the di- 
encephalon and is reduced to a single layer 
of ependymal cells, into which a layer of 
vascular mesenchyme grows (Fig. 11-112, A). 
Together, the ependymal cell layer and its 
associated developing blood vessels invagi- 


nate into the cavity of the cerebral vesicle on 
each side and form the choroid plexuses of 
the lateral ventricles; the line of invagination 
is called the choroid fissure. 

Meanwhile, the medial pallial wall along 
the upper curved border of the choroid fis- 
sure begins to thicken and develop into the 
hippocampal formation (Fig. 11-112, B). Fur- 
ther growth in its ventromedial part forces 
an infolding to occur, thereby creating the 
hippocampal sulcus around which the 
pallium arches over itself to form the hippo- 
campus. As the hippocampal sulcus deep- 
ens, the invaginated pallium becomes the 
cornu ammonis (Ammon’s horn), and the 
adjacent innermost lip arches to form the 
dentate gyrus while the outer lip forms the 
subicular zones and the parahippocampal 
eyrus (Fig. 11-113). With expansion of the 
temporal lobe, the enlarging hippocampal 
formation migrates farther downward and 
laterally into the lateral ventricle. The col- 
lateral sulcus, the rostral part of which is 
called the rhinal sulcus, invaginates the 
inferomedial surface of the hemisphere to 
form the border between the parahippo- 
campal gyrus or entorhinal area and the 
medial occipitotemporal gyrus. Thus, in the 
fully developed brain, the arched contour of 
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Fig. 11-113. Diagrammatic coronal sections of the developing hippocampal formation. In A, B, and C note the 
migration of the pallial regions, which eventually form the dentate gyrus (1), cornu ammonis (2), subiculum (3), and 
parahippocampal gyrus (4). The fully formed hippocampal formation is shown in D. (From B. Pansky and D. J. Allen, 


Review of Neuroscience, Macmillan Co., New York, 1980.) 


the hippocampal formation consists of phy- 
logenetically old cortex (archeopallium), 
which blends through the parahippocampal 
gyrus (paleopallium) with the greatly ex- 
panded neopallium. Commencing at the 
choroidal fissure, the three principal zones 
of the hippocampal formation include the 
dentate gyrus, the cornu ammonis, and the 
subiculum. 

Efferent fibers arise from the pyramidal 
cells of the hippocampus to form the fornix, 
a bundle that courses forward above the 
choroid fissure. Anteriorly, the fibers of the 
fornix enter the lamina terminalis and then 
turn inferiorly and grow into the region of 
the mammillary body of the hypothalamus. 
At the end of about the fourth month, fibers 
from neurons in the neocortical areas begin 
to interconnect the two cerebral hemi- 
spheres by passing across the lamina termi- 
nalis, thereby commencing the formation of 
the corpus callosum (Fig. 11-114). Prolific 


growth of this great commissure, however, 
soon results in its extension caudally beyond 
the lamina terminalis. This causes a separa- 
tion of the upper part of the hippocampal 
formation, the thin rudiment of which, the 
indusium griseum, is seen in the adult brain 
above the corpus callosum. Additionally, 
this process also causes a splitting of the 
fornix fibers into a dorsal component, the 
medial and lateral longitudinal striae, and a 
ventral component, which in the adult be- 
comes the two columns of the fornix proper 
(Fig. 11-115). 


Indusium Griseum 


The indusium griseum, sometimes called 
the supracallosal gyrus, is a thin sheet of 
gray matter that covers the superior surface 
of the corpus callosum. Laterally, it is con- 
tinuous on both sides with the cortex of the 
cingulate gyrus. Posteriorly, over the sple- 
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Fig. 11-114. Sagittal sections of the human fetal brain, showing stages in the formation of the corpus callosum. In 
A there is a massing of commissural fibers from the neopallium, dorsal to the dorsal commissure in the lamina 
terminalis. The callosal fibers then extend caudally (B), thereby separating the fornix fibers that lie in their path into 
a dorsal portion and a ventral portion. (From J. Davies, Human Developmental Anatomy, Ronald Press, New 
York, 1963.) 


nium of the corpus callosum, the indusium 
griseum consists of right and left parts, each 
becoming the slender gyrus fasciolaris, a 
delicate layer of gray substance that courses 


within it, are the medial and lateral longitu- 
dinal striae (of Lancisii'). These are two lon- 
gitudinal bundles of fibers on each side, the 
medial stria lying close to the median plane 


and the lateral stria hidden under the 
cingulate gyri on the floor of the callosal sul- 


ventrolaterally and forward to merge with 
the posterior end of the dentate gyrus (Fig. 
11-111). Elevated above the surface of the 


indusium griseum, as well as embedded 1Giovanni N. Lancisi (1654-1720): An Italian physician. 
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Fic. 11-115. Two later stages in the development of the corpus callosum. From the candal extension of the callosal 
fibers (A), there results a splitting of the fornix fibers into a dorsal component (the indusiim griseum and the medial 
and lateral longitudinal striae) and a ventral component (the columns of the fornix). Some fibers in the latter pass 
across the midline in the dorsal commissure, which now becomes the hippocampal commissure and is displaced 
caudally out of the lamina terminalis by the backward extension of the corpus callosum (B). Part of the lamina 
terminalis becomes stretched and incorporated into the septum pellucidum. (From J. Davies, Human Developmental 
Anatomy, Ronald Press, New York, 1963.) 
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cus. Anteriorly, the medial and lateral longi- 
tudinal striae on each side pass over the 
genu of the corpus callosum and emerge as a 
single band that becomes continuous with 
the paraterminal gyrus, which is contiguous 
with the diagonal band (of Broca). Posteri- 
orly, the striae join the gyrus fasciolaris. 


The Hippocampus 


The hippocampus is a curved elevation, 
about 5 cm long, that extends forward from 
its position under the posterior part of the 
corpus callosum to the uncus, thereby 
occuping the entire length of the floor of the 
temporal (inferior) horn of the lateral ventri- 
cle (Fig. 11-116). The picturesque name of 
the hippocampus implies that its shape in 
the forebrain is similar to that of a seahorse 
seen in profile. Its anterior or lower extrem- 
ity appears somewhat dilated, and the lat- 
eral margin of this expanded portion is 
crossed by three or four shallow digitations 
that cause it to resemble an animal's paw; 
therefore it is called the pes hippocampi. 
The hippocampus is formed by a specialized 
type of cortex, and it consists of the dentate 
gyrus and the cornu ammonis. It is continu- 
ous ventrally with the subiculum of the 
parahippocampal gyrus (Fig. 11-117). 


Lateral 
cerebral 
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As described above, the hippocampus is 
an archeocortical gyrus that is infolded upon 
itself, so that its ependymal cell-lined, con- 
vex, ventricular surface is its deepest layer; 
this layer consists of a fasciculus of myeli- 
nated fibers called the alveus. The axons in 
the alveus converge dorsomedially to form 
the fimbria of the fornix (fimbria hippocampi), 
a flat band of white fibers that lies above the 
dentate gyrus and immediately below the 
choroid fissure. In addition to serving as an 
efferent path to the fornix for pyramidal and 
other hippocampal neurons, the alveus is 
also a pathway for afferent fibers to the hip- 
pocampus from the medial part of the 
entorhinal region and the parasubiculum. 

THE SUBICULUM. ‘The cortical regions that 
are located ventral and medial to the dentate 
gyrus and form an extension of the para- 
hippocampal gyrus to the cornu ammonis 
are collectively called the subiculum. More 
precisely, this region is described as consist- 
ing of four zones: the parasubiculum, pre- 
subiculum, subiculum, and prosubiculum. 
The parasubiculum is contiguous with the 
entorhinal cortex (area 28) laterally and the 
other zones follow sequentially the curva- 
ture of the parahippocampal gyrus toward 
the cornu ammonis (Fig. 11-117). 

The archeopallial nature of the subiculum 
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Fig 11-116 Lateral view of a temporal lobe dissection in the left cerebral hemisphere. The lateral ventricle is 
opened, exposing its occipital (posterior) and temporal (inferior) horns, as well as the hippocampus and fimbria. 
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Fic. 11-117. A schematic drawing of a transverse section through the parahippocampal gyrus, subiculum, cornu 
ammonis, and dentate gyrus, showing the subdivisions of these regions. Note the laminae of the cornu ammonis (the 
stratum pyramidalis is called the stratum lucidum in this figure), the hippocampal subdivisions according to Rose (H1 
to H5), and the cornu ammonis fields (CA 1 to CA 4) according to Lorente de No. (From H. J. Lammers and H. Gastaut in 
Physiologie de |’ Hippocampe, Editions du Centre National de la Recherche Scientifique, No. 107, Paris, 1962.) 


is manifested by its three-layered structure, 
a feature that gradually develops from the 
adjacent five-layered entorhinal area through 
the parasubicular and presubicular zones. 
This fundamental trilaminar cortical struc- 
ture, which is characteristic of the cornu am- 
monis and dentate gyrus as well, includes an 
outer molecular, an intermediate pyramidal, 
and a deep polymorphic layer. Many affer- 
ent fibers to the subiculum, cornu ammonis, 
and dentate gyrus arise in the entorhinal cor- 
tex. Fibers that originate in the medial part 
of the entorhinal cortex and the parasubicu- 
lum enter the hippocampus, close to its ven- 


tricular surface, by way of the alveus (the 
alvear path). Fibers from the lateral portion 
of the entorhinal cortex course through the 
subicular zones along a perforant path that 
crosses the alvear path and becomes distrib- 
uted widely within the cornu ammonis and 
dentate gyrus. These pathways constitute 
the so-called direct temporoammonic tracts. 

CORNU Ammonis. Continuous with the 
prosubicular zone at its open end and inter- 
locking with the concavity of the dentate 
eyrus at the other, the cornu ammonis is 
characterized in transverse sections of the 
hippocampal formation by its reversed C or 
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comma-shaped orientation and by its tightly 
packed pyramidal cell layer (Fig. 11-117). 
Although the cornu ammonis displays the 
basic trilaminar archeocortical structure, 
commencing at the ventricular surface the 
following strata or sublayers are readily rec- 
ognizable: (1) the ependymal cells of the lat- 
eral ventricle; (2) the afferent and efferent 
fiber bundle called the alveus; (3) the stra- 
tum oriens, containing mainly basal den- 
drites of pyramidal cells, but also containing 
nonmyelinated axon collaterals that leave to 
join the alveus, incoming fibers that pass in 
the opposite direction, irregularly-shaped 
polymorphic neurons, and basket cells; (4) 
the stratum pyramidalis, consisting of both 
large and small pyramidal cells that are ori- 
ented so that the axon, coming from the base 
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of each pyramidal cell or from a basal den- 
drite, courses through the stratum oriens, 
into the alveus, and out the fimbria of the 
fornix. Long axon collateral branches (the 
so-called Schaeffer collaterals) turn back 
through the pyramidal layer to the stratum 
moleculare and terminate near the base of 
the apical dendrites of other nearby pyrami- 
dal cells (Fig. 11-119). (5) The stratum 
radiatum consists principally of the un- 
branched apical dendrites of the pyramidal 
cells; (6) the stratum Iacunosum has a rich 
plexus of pyramidal cell dendrites, various 
incoming axons, axon collaterals, and the 
cell bodies of interneurons; and (7) the stra- 
tum moleculare consists of fine terminal 
branches of apical dendrites from pyramidal 
cells and some incoming fibers (Fig. 11-117). 
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Fic. 11-118. Sagittal sections through the hippocampal formation in the monkey (Macaca mulatta). In A, the cellular 
layers of the hippocampus (cornu ammonis) and dentate gyrus are identified, while in B, the relationship of the alveus 
and fimbria to the lateral ventricle and the nearby amygdaloid body and caudate nucleus is demonstrated. (From M. 
B. Carpenter, Human Neuroanatomy, 7th ed., Williams and Wilkins, Baltimore, 1976.) 
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Thus, the basic trilaminar arrangement 
(Fig. 11-118) of the cornu ammonis might be 
said to be composed of the following sublay- 
ers: 


Polymorphic layer: 
Ependymal cells 
Alveus 
Stratum oriens 

Pyramidal layer: 
Stratum pyramidalis 
Stratum radiatum 

Molecular layer: 
Stratum lacunosum 
Stratum moleculare 


Detailed analysis of cytoarchitectural dif- 
ferences between the various regions of the 
hippocampus has led certain investigators to 
divide it into a series of fields. Rose (1926) 
designated these as hippocampal fields H, 
through H;, and Lorente de No (1934) di- 
vided Ammons horn into cornu ammonis 
fields CA 1 through CA 4 and pointed out 
their special variations in cell morphology, 
fiber distribution, and connections (Fig. 11- 
117). These two analyses are not identical, 
because Rose’s H fields extend from the 
subicular transitional region through the 
cornu ammonis and include the dentate 
gyrus, while Lorente de N6o’s CA fields sub- 
divide the cornu ammonis only. Field CA 1 
contains the smallest pyramidal cells and is 
continuous with the subiculum, whereas the 
largest pyramids are located in field CA 4, 
which lies within the curve of the dentate 
Oyrus. 

DENTATE Gyrus. ‘The dentate gyrus is a 
narrow band of archeocortex that also con- 
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sists of three basic cytoarchitectonic layers: 
a superficial plexiform or molecular layer, a 
granular layer, and a deep polymorphic 
layer of cells (Fig. 11-118). The general con- 
figuration of the dentate gyrus resembles 
closely a wide-angled U, and its open con- 
cavity, which is oriented toward the fimbria, 
is nearly filled by the CA 4 field of the cornu 
ammonis. The molecular layer contains 
many interwoven neuronal processes, as 
well as a few polymorphic neurons, includ- 
ing an occasional Golgi type II cell or gran- 
ule cell. The granular layer is composed of 
closely positioned spherical or ovoid gran- 
ule cells and some small pyramidal cells. 
The dendrites of these cells are oriented 
toward the molecular layer, while their 
axons, Called mossy fibers, course through 
the polymorphic layer to enter the cornu 
ammonis, where they synapse with the den- 
drites of the pyramidal cells (Fig. 11-119). 
The polymorphic layer contains some py- 
ramidal cells and basket cells distributed 
within an interlacing fiber network. The 
dentate gyrus appears to be interposed be- 
tween certain incoming afferent projections 
to the hippocampus and the pyramidal cell 
layers of the CA fields of the cornu ammonis, 
because afferent impulses reaching the gran- 
ule cells of the dentate gyrus are clearly re- 
layed to the hippocampal pyramids. 
HIPPOCAMPAL CONNECTIONS AND FUNC- 
TIons. The hippocampus receives its prin- 
cipal afferent connections from the ento- 
rhinal cortex and subiculum along the alvear 
and perforant pathways of the temporo- 
ammonic tracts. These fibers terminate on 
the outer portions of the dendrites of the 
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Fig. 11-119. The diagram on the left is a schema that shows the main histologic features of the hippocampus seen in 
transverse section. Indicated on the right are the strata and cellular structures through the cornu ammonis (CA 2) and 


dentate gyrus. (From J. D. Green, Physiol. Rev., 44, 1964.) 
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pyramidal and granule cells. Additionally, 
fibers from the cingulate gyrus project by 
way of the cingulum through synaptic con- 
nections in the subicular region, but the ex- 
istence of direct projections to the hippo- 
campus from the cingulate gyrus has been 
questioned. Incoming fibers from the septum 
reach the hippocampus along the fornix 
from the medial septal nucleus. These are 
not present in great numbers, but they seem 
to terminate diffusely throughout the hippo- 
campal fields and are cholinergic in nature. 
Afferent fibers to the hippocampus also arise 
from the supramammillary region in the 
posterior hypothalamus, the nucleus reun- 
iens, and the anterior nuclei of the thalamus, 
and from the locus ceruleus and raphe nu- 
clei in the brain stem. Some of these latter 
fiber groups are adrenergic, dopaminer- 
gic, and serotonergic projections. Finally, 
many transhippocampal projections course 
through the commissure of the fornix and 
interconnect the two hippocampal forma- 
tions. 

The principal efferent pathway from the 
hippocampus is by way of the fornix system 
(Fig. 11-120). In addition to its afferent fibers, 
this thick nerve bundle contains efferent 
projections that achieve sites outside the 
hippocampal formation and commissural 
projections that course to the opposite hip- 
pocampus. At one time it was believed that 
most of the efferent fibers in the fornix rep- 
resent axons of pyramidal cells. It now ap- 
pears that, in addition to the pyramidal cell 
axons, many fibers in the fornix are derived 
from the subiculum and _ prosubiculum 
(Swanson and Cowan, 1977; Meibach and 
Siegel, 1977). On each of the two sides of the 
brain, fibers from these sources initially pass 
toward the ventricular surface to form the 
alveus. They then converge on the medial 
aspect of the hippocampus as the fimbria, a 
flat band of white fibers that lies above the 
dentate gyrus and below the lower part of 
the choroidal fissure. Anteriorly, the fimbria 
extends into the hook of the uncus, while 
posteriorly it ascends below the splenium of 
the corpus callosum, arches upward over the 
thalamus, and inclines toward the midline as 
the crus of the fornix (Fig. 11-120). 

The two crura are connected by a lamina 
of transverse fibers that passes between the 
hippocampal formation of the two hemi- 
spheres to form the commissure of the 
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fornix or hippocampal commissure. This 
commissure presents the appearance of a 
thin, triangular lamina called the psalterium 
or lyra. At the highest part of their arch, the 
two crura fuse to become the body of the 
fornix (Fig. 11-120). The body of the fornix 
lies above the tela choroidea and the epen- 
dymal roof of the third ventricle and is at- 
tached to the undersurface of the corpus cal- 
losum and, more anteriorly, to the inferior 
borders of the laminae of the septum 
pellucidum. Laterally, the body of the fornix 
medially overlies the upper surface of the 
thalamus and the choroid fissure. Anteriorly, 
above the interventricular foramen, the 
body of the fornix divides again into the col- 
umns (or anterior pillars) of the fornix, 
which bend ventrally toward the anterior 
commissure and form the anterior boundary 
of the interventricular foramen. 

About half of the fibers in the fornix de- 
scend behind the anterior commissure as the 
postcommissural fornix, while the remain- 
ing fibers descend rostral to the commissure 
as the precommissural fornix. Below the 
anterior commissure, a number of the fornix 
fibers reassemble and the bundle curves pos- 
teriorly, coursing through the gray matter in 
the lateral wall of the third ventricle to term- 
inate in the medial nucleus of the mammil- 
lary body. Evidence now indicates that 
many of the fibers in the postcommissural 
fornix are derived from the subiculum 
and terminate in the mammillary bodies, 
whereas most of the fornix fibers that origi- 
nate in the hippocampus proper course into 
the precommissural fornix and terminate in 
the septum. 
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Fic. 11-120. Diagrammatic representation of the fornix 
system, viewed from above and from the right side. 
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Along its course toward the septum and 
mammillary bodies, the fornix system also 
distributes fibers to other regions. A small 
group of fibers from the fimbria passes dor- 
sal to the splenium of the corpus callosum as 
the medial and lateral longitudinal striae of 
the indusium griseum. These fibers are 
sometimes referred to as constituting the 
dorsal fornix and most of them either termi- 
nate on scattered cells in the septum 
pellucidum or they penetrate the corpus cal- 
losum to rejoin the main fornix bundle. The 
fornix also distributes fibers to the anterior 
thalamus. These also appear to be derived 
from the subiculum rather than from the 
hippocampal fields, to pass through the post- 
commissural fornix, and to project to the 
anterior thalamic nuclei. Projections to the 
lateral preoptic and anterior hypothalamic 
regions from the fornix course by way of the 
precommissural route and also represent 
subicular connections rather than axons 
from the hippocampus itself. In addition to 
contributing many fibers that emerge from 
the hippocampus along the fornix system, 
the subicular region also projects axons to 
the adjacent entorhinal cortex and to the 
cingulate gyrus. 

The hippocampal formation at one time 
was considered predominantly a structure 
that functioned in the olfactory pathway, 
and this may still be true in certain 
macrosmotic animals. In the microsmotic 
human brain and in anosmotic animals such 
as the whale, however, thé hippocampus is 
well developed, does not receive direct pro- 
jections from the olfactory bulb, and proba- 
bly functions minimally as an olfactory 
structure. Many alterations in physiologic 
and behavioral phenomena have been re- 
ported as resulting from techniques com- 
monly utilized to stimulate or to produce 
lesions in and around the hippocampus. It 
has not been possible, however, to identify 
any hippocampal function that is separate 
and distinct from functions that are derived 
from hippocampal interconnections with 
the temporal lobe, septal, diencephalic, and 
brain stem structures. Because of the pro- 
found elaboration of forebrain mechanisms 
due to the encephalization process, observa- 
tions made on lower mammals and even on 
subhuman primates must be carefully as- 
sessed when the functions of the human hip- 
pocampus are discussed. The role of the hip- 
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pocampus in altering aggressive behavior, 
sexual behavior, endocrine functions, atten- 
tion, alertness, learning and memory have all 
been documented in various species. There 
may be some evidence that the human hip- 
pocampus functions importantly in the re- 
tention of short-term memory, but addi- 
tional definitive data are required and the 
mechanisms involved need further explora- 
tion. The functions of the hippocampus have 
frequently been incorporated with those of 
the so-called “limbic system,” a rather im- 
precise term popularly used to interconnect 
several forebrain and hypothalamic struc- 
tures that are phylogenetically older, con- 
cerned with visceral functions, and appear 
to be related to the elaboration of emotional 
phenomena. 


BASAL NUCLEI 


The basal nuclei, or basal ganglia, are 
large masses of gray substance deeply lo- 
cated in the basal regions of the cerebral 
hemispheres (Fig. 11-121). In part they are 
separated medially from the diencephalon 
by the internal capsule, but in front of the 
thalamus they form the wall of the lateral 
ventricle, with the internal capsule coursing 
through their substance. As the subcortical 
nuclei of the telencephalon, the basal gan- 
glia are separated laterally and superiorly 
from the gray substance of the cerebral cor- 
tex by the white matter underlying the corti- 
cal laminae. 

The basal ganglia include the globus 
pallidus, caudate nucleus, putamen, and 
amygdaloid body (Fig. 11-122). The latter 
structure has been described with the rhi- 
nencephalon and will not be considered fur- 
ther. The globus pallidus is frequently re- 
ferred to as the paleostriatum, or more 
simply, the pallidum, while the caudate nu- 
cleus and putamen together constitute the 
neostriatum, commonly called the striatum. 
More inclusive is the term corpus striatum, 
which refers collectively to both the paleo- 
striatum (globus pallidus) and the neostria- 
tum (putamen and caudate nucleus). The 
corpus striatum is so named because of its 
striped appearance, which results from the 
mixture of diverging white fibers and gray 
substance, characteristic of its more rostral 
part. Reference is often made also to the 
lentiform (or lenticular) nucleus, a term that 
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includes the larger, more laterally located 
putamen and the medially placed globus 
pallidus. The following diagram clarifies the 
use of these terms: 


Caudate nucleus 


Neostriatum 
(striatum) aie 
: Putumen 
Corpus ond | 
striatum Lentiform 
nucleus 
Paleostriatum Globus 
| (pallidum) pallidus 


Caudate Nucleus 


The caudate nucleus is an elongated mass 
of gray substance that arches over itself and, 
throughout its entire extent, is related 
closely to the wall of the lateral ventricle. Its 
prominent and enlarged rostral extremity, 
called the head of the caudate nucleus, is 
pear-shaped and occupies most of the lateral 
wall of the frontal (anterior) horn of the lat- 
eral ventricle. The remainder of the caudate 
nucleus is at first directed backward on the 
lateral side of the thalamus as the body of 
the caudate nucleus and is separated medi- 
ally from the thalamus by the stria termi- 
nalis and thalamostriate vein. The nucleus 
gradually becomes drawn into a long and 
more slender tail, which initially arches 
downward into the temporal lobe in the roof 
of the temporal (inferior) horn of the lateral 
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ventricle, but then curves forward toward 
the amygdaloid body (Fig. 11-122). Around 
the rostral border of the internal capsule, the 
head of the caudate nucleus is fused with the 
putamen of the lentiform nucleus, while its 
tail terminates in close relationship to the 
central nucleus of the amygdala (Fig. 11-122). 
In most coronal sections that pass through 
the corpus striatum in the cerebrum, the 
caudate nucleus is cut twice because of this 
arched form. 


Lentiform Nucleus 


The lentiform nucleus lies lateral to both 
the thalamus and the head of the caudate 
nucleus, and when it is sectioned horizon- 
tally, it has somewhat the shape of a biconvex 
lens. In totality, it is a wedge-shaped struc- 
ture, shorter in rostro-caudal length than the 
caudate nucleus, and it does not extend as 
far forward (Fig. 11-122). The lentiform nu- 
cleus is located in the white substance of the 
cerebrum, deep to the insula; it is separated 
laterally from that cortical region by a lam- 
ina of white matter called the external cap- 
sule and by a thin layer of gray substance, 
the claustrum. Its anterior end is continuous 
with the lower part of the head of the cau- 
date nucleus and with the anterior perfo- 
rated substance. The lentiform nucleus is 
divided by a layer of white matter called the 
lateral medullary lamina into two parts: the 
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Fig. 11-121. Phantom of the corpus striatum within the cerebral hemisphere. (Courtesy of W. J. Krieg’s Functional 
Neuroanatomy, 2nd ed., Blakiston Div., McGraw-Elill, New York, 1953.) 
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Fig. 11-122. The corpus striatum of the left side with the internal capsule omitted; (a) lateral aspect; (b) rostral 
aspect; (c) caudal aspect. (From W. J. Krieg, Functional Neuroanotomy, 2nd ed., Blakiston Div., McGraw-Hill, New 


York, 1953.) 


putamen, which is larger and more laterally 
located, and the globus pallidus. 

THE PUTAMEN. ‘The putamen is the largest 
of the basal ganglia, and its most rostral part 
is located lateral to the head of the caudate 
nucleus, being separated from it by the ante- 
rior limb of the internal capsule. A frontal 
section through this most rostral level (Fig. 
11-123) shows a small part of the globus 
pallidus interposed ventromedially between 
the putamen and the internal capsule. 
Slightly more caudally (Fig. 11-124), the 
putamen assumes more the shape of a thick, 
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laterally located shell-like covering to the 
globus pallidus ventrally and the internal 
capsule dorsally. At this point the body of 
the caudate nucleus is already displaced a 
bit more dorsally in its position adjacent to 
the lateral ventricle. A horizontal section of 
the brain reveals the entire rostro-caudal 
extent of the putamen and its relationship to 


the external capsule, claustrum, and insula 
located laterally (Fig. 11-125). 


GLOBUS PALLIDUS. The globus pallidus 
forms the more medial part of the lentiform 
nucleus (Fig. 11-122, C) and it is separated 
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Fic. 11-123. Frontal section through rostral part of corpus striatum. Weigert myelin stain. (From Villiger-Addison, 


courtesy of J. B. Lippincott Co.) 
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FiG. 11-124. Frontal section through basal part of cerebral hemisphere at the anterior commissure. Weigert myelin 
stain. (From Villiger-Addison, courtesy of J. B. Lippincott Co.) 


from the putamen by a thin layer of white 
matter called the lateral medullary lamina. 
Phylogenetically, it is the oldest part of the 
corpus striatum, and it receives its name 
from the fact that the many myelinated fi- 
bers that traverse its structure give it a 
lighter color than that of the putamen or 
caudate nucleus when observed in fresh 
preparations. The globus pallidus is subdi- 
vided into medial and lateral parts by an- 
other thin layer of white matter called the 
internal or medial medullary lamina. The 
posterior limb of the internal capsule lies on 
the dorsomedial border of the globus pallidus, 
thereby separating the lentiform nucleus 
from the thalamus (Fig. 11-125). 


Fiber Connections of the Corpus Striatum 


As a general principle, the putamen and 
caudate nucleus can be said to receive many 
afferent connections, and cells in these nu- 
clei project to the globus pallidus, while the 
globus pallidus gives rise to many efferent 
fibers that course to lower centers in the 
neuraxis. Additional afferent and efferent 


pathways interconnect the striatum and pal- 
lidum with other regions of the brain (see 
schematic, Fig. 11-126). 

AFFERENT FIBERS TO THE NEOSTRIATUM. For 
a long time there was some uncertainty 
about whether or not cortical regions project 
to the striatum; however, the recent use of 
more sophisticated neuroanatomic methods 
has shown that the caudate nucleus and 
putamen receive afferent fibers from nearly 
all regions of the cerebral cortex (Fig. 11- 
126). These corticostriate projections appear 
to be organized in a topographic manner, al- 
though there is considerable overlapping. 
The sensorimotor areas and the more rostral 
regions of the cerebral cortex in the frontal 
lobe project more heavily to the neostriatum 
than does the occipital lobe. A great majority 
of the fibers from these more rostral cortical 
zones interconnect with the more anterior 
portion of the head of the caudate nucleus 
and with the rostral parts of the putamen, 
while projections from the parietal and oc- 
cipital lobes flow progressively into the 
more caudal regions of the striatum. Most 
corticostriate fibers project to the ipsilateral 
striatum, but some fibers project across the 
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Fig. 11-125. Horizontal section 


corpus callosum to the contralateral caudate 
nucleus and putamen. 

A second source of afferent fibers to the 
striatum is the substantia nigra. This nigro- 
striatal projection was definitely established 
with the use of fluorescence techniques that 
demonstrate the pathways of neurons con- 
taining monoamines such as dopamine (Fig. 
11-126). Most nigrostriatal fibers arise from 
nerve cells in the pars compacta of the sub- 
stantia nigra, but some also come from the 
pars reticulata. Those from the more caudal 
parts of the substantia nigra project to the 
putamen, while those from the more rostral 
parts course to the head of the caudate nu- 
cleus. The nigrostriatal pathway is consid- 
ered the principal source of dopamine for 
the corpus striatum, and its destruction is 
thought to be importantly related to the eti- 
ology of Parkinson's disease. 
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A third afferent pathway to the striatum 
originates in the intralaminar nuclei of the 
thalamus. Other thalamic nuclei, such as the 
midline nuclei and the nucleus medialis dor- 
salis, also contribute fibers to this thalamo- 
striatal projection. This projection appears 
to be topographically organized, with the 
centromedian and parafascicular nuclei 
sending fibers to more caudal parts of the 
putamen and the other intralaminar nuclei 
projecting to the caudate nucleus more ante- 
riorly in the striatum (Fig. 11-126). Finally, 
other afferent fibers to the striatum arise in 
the raphe nuclei in the mesencephalon of the 
brain stem. This latter pathway is probably 
involved in the maintenance of the high 
level of serotonin found in the putamen. 

EFFERENT FIBERS FROM THE NEOSTRIATUM. 
Efferent fibers from the striatum course to 
the globus pallidus and the substantia nigra 
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Fic. 11-126. Schematic diagram of the neuronal cir- 
cuitry of the basal ganglia and related structures. Open 
pathways and arrows represent probable excitatory 
connections and the solid black pathways and terminals 
represent probable inhibitory connections. CMP, centro- 
median-parafascicular complex; DR, dorsal raphe nu- 
cleus; GP globus pallidus (1, lateral; m, medial); P*°, pars 
compacta; P’, pars reticulata; SN, substantia nigra; ST, 
subthalamus; TE, midbrain tectum; VA. nucleus ventralis 
anterior of thalamus; VL, nucleus ventralis lateralis of 
thalamus; VM, nucleus ventralis medialis of thalamus. 
(From S. T. Kitai, 1981.) 


(Fig. 11-126). Many fine striatofugal fibers are 
derived from neurons in the putamen and 
terminate in both the lateral and medial seg- 
ments of the globus pallidus. These appear 
to project topographically and to collect as 
small bundles that converge radially on the 
globus pallidus. Some fibers terminate in the 
globus pallidus, while others course through 
and emerge from the medial segment of the 
pallidum and, having given off collaterals to 
pallidal cells, project to the substantia nigra. 
There appears to be a mediolateral organiza- 
tion of the striatopallidal pathway with fi- 
bers from the lateral part of the putamen 
projecting to the lateral segment of the glo- 
bus pallidus, while fibers from the medial 
part of the putamen and caudate nucleus 
project to the medial segment of the globus 
pallidus. 

Striatofugal fibers to the substantia nigra 
are also topographically organized. Some 
terminate in the pars compacta, but the pro- 
jection to the pars reticulata of the substan- 
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tia nigra is more profuse. Fibers from the 
ventral and medial parts of the caudate nu- 
cleus project to the more rostral and medial 
portions of the substantia nigra and projec- 
tions from the caudal parts of the putamen 
end more caudally and laterally in the sub- 
stantia nigra. 

AFFERENT FIBERS TO THE GLOBUS PALLIDUS. 
As mentioned above, the principal incoming 
fibers to the globus pallidus are derived from 
the caudate nucleus and putamen. These 
connections are topographically organized, 
with the caudate nucleus projecting through 
the internal capsule to dorsal and rostral 
parts of the globus pallidus, and the putamen 
sending fibers directly medially to the ven- 
tral and more caudal parts of the pallidum. 
Striatopallidal projections are believed to 
use gamma aminobutyric acid (GABA) as 
their neurotransmitter because the globus 
pallidus is rich in this substance, as well as 
in the enzyme that synthesizes it, glutamic 
acid decarboxylase (GAD). 

Another source of afferent input to the 
globus pallidus is the subthalamic nucleus 
(Carpenter and Strominger, 1967). Confirma- 
tion of this long suspected pathway comes 
from a convincing study by Nauta and Cole 
(1978), based on the axoplasmic transport of 
tritiated amino acids. These latter authors 
showed that large numbers of subthalamic 
fibers course to both segments of the globus 
pallidus in a manner that suggests that the 
projection is topographically organized. 

EFFERENT FIBERS FROM THE GLOBUS PALLI- 
ous. Pallidofugal fibers to various sites in 
the diencephalon and midbrain form the 
principal efferent pathways from the globus 
pallidus (Fig. 11-126). Diencephalic projec- 
tions from the globus pallidus include direct 
pathways across the ventral thalamus to the 
subthalamic nucleus and pathways to the 
thalamus by way of the ansa lenticularis and 
lenticular fasciculus (Fig. 11-127). The lateral 
pallidal segment gives origin to the pallido- 
subthalamic pathway, while the outer por- 
tion of the medial pallidal segment gives rise 
to the ansa lenticularis, which projects to the 
nucleus ventralis anterior of the thalamus, 
and the inner portion of the medial pallidal 
segment gives rise to the lenticular fascicu- 
lus, which projects to the nucleus ventralis 
lateralis of the thalamus (Carpenter, 1981). 
Other diencephalic efferent pathways from 
the globus pallidus course to the lateral 
habenular nucleus. 
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Fic. 11-127. Schematic diagrams showing the origin of fibers forming the ansa lenticularis (ansa lent.) and lenticular 
fasciculus (lent. fasc.) in the monkey. The ansa lenticularis arises from the outer portion of the medial pallidal segment, 
lateral to the medial medullary lamina (dashed line), and courses rostrally, ventrally, and medially. The lenticular 
fasciculus arises from the medial pallidal segment, medial to the medial medullary lamina, and courses dorsally and 
medially through the internal capsule. CL, subthalamic nucleus (corpus Luys); FX, fornix; IC, internal capsule; LPS, 
lateral pallidal segment; MPS, medial pallidal segment; SN, substantia nigra. (From Kuo and Carpenter, 1973.) 


Pallidofugal fibers to the mesencephalon 
include projections from the globus pallidus 
to the pars reticulata of the substantia nigra 
and to the large-celled red nucleus. No 
pallidofugal fibers have been traced to more 
caudal levels of the brain stem or to the spi- 
nal cord. 


FUNCTIONAL COMMENT. The motor functions of 
the basal nuclei were initially recognized by studies 
of patients suffering from a large number of move- 
ment disorders such as tremors, involuntary move- 
ments, and akinesias, and then correlating these 
clinical observations with the existence of lesions in 
these forebrain structures. Because the pathways 
involved are outside the classic pyramidal or great 
efferent motor pathway, the basal ganglia were con- 
sidered the principal parts of the so-called ‘‘extrapy- 
ramidal motor system,’ and their effects on motor 
behavior were thought to result primarily from de- 
scending influences on lower motor centers. Today, 
however, it is known that the basal ganglia more 
closely interact with the cerebral cortex and thala- 
mus than with motor centers in the brain stem and 
spinal cord, and that the influences exerted by the 
corpus striatum on motor function occur much 
higher in the neuraxis than was previously sus- 
pected. Much also has been learned in recent years 
about the transmitters and neurochemical mecha- 
nisms that underlie the functions of the basal gan- 
glia, but a true understanding of how the basal gan- 
glia participate in integrated normal motor behavior 
awaits elucidation. 


The Claustrum 


The claustrum is a thin layer of gray mat- 
ter interposed between the insula and the 
putamen (Fig. 11-125). It is separated medi- 
ally from the putamen by a lamina of white 
matter called the external capsule, and its 
lateral surface, being somewhat irregular 
and following the gyri and sulci of the 
insula, is separated from the outer gray cor- 
tex of the insula by a layer of white fibers 
called the extreme capsule. The claustrum 
has been variously considered a part of the 
insula or a part of the corpus striatum, and 
although its functional significance is un- 
known, there is good evidence to suggest 
that widespread regions of the cerebral cor- 
tex project onto the claustrum in a manner 
similar to projections from the cerebral cor- 
tex to the striatum. 


CEREBRAL CORTEX 


The cerebral cortex is a mantle of gray 
substance that covers the cerebral hemi- 
spheres. Study of its substance has gener- 
ated great interest among neuroscientists 
because many of the more abstract neural 
functions appear to be related to the activity 
of its cellular layers. Its complexity, how- 
ever, still defies a true understanding of the 
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mechanisms by which information received 
by the brain is analyzed, stored, retrieved, 
and utilized to effect an appropriate re- 
sponse. Sophisticated microscopic and ul- 
trastructural anatomic techniques have led 
to detailed descriptions of the cellular geom- 
etry of cortical elements, estimates of the 
volume of cortical substance, and even com- 
putations of the numbers of neurons that the 
cerebral cortex contains. The fact that corti- 
cal neurons are arranged in certain laminar 
patterns and various regions of cortex dis- 
play differences in these patterns has been 
recognized for well over a century. It is cus- 
tomary to consider cortical regions that are 
phylogenetically older as comprising the 
archeocortex, or paleocortex, and others 
that are phylogenetically more recent as the 
neocortex. Because the cortices of the 
archeopallium and paleopallium have a 
rather wide variation in histologic structure 
in different regions, they are often referred 
to as allocortex. The neocortex, in contrast, 
shows a more similar histologic pattern in 
different regions and is called isocortex. 

The archeocortex is characterized by a 
basic three-layered structure (polymorphic, 
pyramidal, and molecular), and it includes 
the cornu ammonis, dentate gyrus, and the 
subicular extension of the parahippocampal 
gyrus (Figs. 11-117; 11-118). During develop- 
ment it commences on the dorsomedial as- 
pect; it then moves ventrally and becomes 
folded to form the hippocampus (Figs. 11- 
112; 11-113). The primordium of the paleo- 
cortex arises more ventrolaterally in the 
developing cortex and moves medially with 
the elaboration of the neocortex to form a 
transitional cortical region that includes the 
three-layered prepiriform and periamygda- 
loid (or piriform) areas, as well as the five- 
layered entorhinal area (area 28) which con- 
stitutes much of the parahippocampal gyrus. 
With continued development, the more 
primitive cortical structures migrate to 
ventromedially located sites, so that most of 
the dorsal and lateral walls of the pallium 
located between the archeocortex and pale- 
ocortex become neocortex (or neopallium) 
(Fig. 11-112), and this is characterized by a 
typical six-layered structure. 


Structure of the Neocortex 


In man, the largest part of the cerebral cor- 
tex consists of neocortex. Although certain 
differences are found in various cortical re- 


gions, a six-layered schema can usually be 
recognized in sections that have been cut 
vertically through the gray substance and 
have been stained to show the morphology 
of the nerve cell bodies (such as with the 
Niss]! staining technique) (Figs. 11-128; 11- 
129). From the surface of the brain inward, 
the layers are as follows: 

1, MOLECULAR LAYER. This outermost layer, 
also called the plexiform layer or lamina 
zonalis, is found immediately beneath the 
pia mater. It is a narrow zone of white sub- 
stance composed largely of tangentially 
coursing fibers derived from nerve cells of 
deeper layers and directed parallel] to the 
surface of the cortex (Fig. 11-128). Within the 
molecular layer are the terminal fibers of the 
apical dendrites of the pyramidal cells, as 
well as other fibers of cells from the subja- 
cent layers. Scattered among the nerve fibers 
are a small number of nerve cells, which in- 
clude cells with short axons as well as the 
horizontal cells (of Cajal), the axes of which 
are oriented parallel to the cortical surface 
among the processes of the apical dendrites. 

Il. EXTERNAL GRANULAR LAYER. The exter- 
nal granular layer contains large numbers of 
rather densely packed granule cells and 
some small pyramidal cells, the apical den- 
drites of which course superficially into the 
molecular layer and the axons of which de- 
scend into deeper cortical layers (Figs. 11- 
128; 11-129). Also coursing through the exter- 
nal granular layer are the apical dendrites 
from pyramidal cells of deeper layers, which 
are bound for the outermost or molecular 
layer. 

lll. EXTERNAL PYRAMIDAL LAYER. The exter- 
nal pyramidal layer consists principally of 
medium-sized and large pyramidal cells. 
These are arranged so that the smaller py- 
ramidal cells are in the more superficial part, 
closer to the external granular layer, while 
the larger pyramidal neurons are located 
more deeply in this layer (Figs. 11-128; 11- 
129). The apical dendrites of the pyramidal 
cells also course superficially toward the 
molecular layer, and among the pyramidal 
cells in the external pyramidal layer are 
some granule cells and the through-going api- 
cal dendrites of even more deeply located 
pyramidal cells. Also located in this layer, as 
well as in others, are some smal] multipolar 
cells with short branching dendrites called 


‘Franz Nissl (1860-1919): A German neurologist and neu- 
roanatomist (Heidelberg). 
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Fic. 11-128. A diagram showing the layers of cells and fibers in the gray substance of the cortex of the human 
cerebral hemisphere, according to the histologic methods of Golgi, Nissl, and Weigert. A, Stained by the method of 
Golgi; B, by that of Nissl; C, by that of Weigert. (After Brodmann.) 


the cells of Martinotti,! whose axons course 
toward the molecular layer with the apical 
dendrites of the pyramidal cells. 

IV. INTERNAL GRANULAR LAYER. The inter- 
nal granular layer is a densely packed lam- 
ina containing many granule or stellate cells 
that have short axons (Fig. 11-128). Among 
these cells is found a scattering of small py- 
ramidal cells and some vertically oriented 
neuronal processes traversing the internal 
granular layer on their way to more superfi- 
cial layers. Additionally, the internal granu- 


‘Giovanni Martinotti (1857-1928): An Italian physician. 


lar layer contains a well-defined collection 
of horizontally arranged nerve fibers that is 
called the external band of Baillarger? (Fig. 
qa28). 

V. INTERNAL PYRAMIDAL LAYER. Sometimes 
called the ganglionic layer, the internal py- 
ramidal layer is composed principally of 
large and medium-sized pyramidal cells, the 
apical dendrites of which are directed to- 
ward the molecular layer (Fig. 11-128). This 
layer also contains many of the fine basal 


“Jules G. F, Baillarger (1809-1890): A French psychiatrist 
(Paris). 
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Fig. 11-129. Nissl stained section showing the laminae of the striate cortex (area 17, perimacular region) of a monkey, 


Macaca mulatta. (From J. S. Lund, 1973.) 


dendrites of the pyramidal cells, processes 
of neurons from other layers, a few granule 
cells, and some cells of Martinotti. The larg- 
est of the pyramidal cells in the precentral 
motor cortex are called the giant cells of 
Betz’ (Fig. 11-130). The internal pyramidal 
layer also contains a well-defined plexus of 
horizontally oriented nerve fibers referred to 
as the internal band of Baillarger. The axons 
of the large pyramidal cells enter the white 
matter as the corticofugal projection fibers. 

Vi. MULTIFORM LAYER. The multiform 
layer contains many neurons of different 


"Vladimir A. Betz (1834-1894): A Russian anatomist 
(Kiev). 


shapes, including some spindle-shaped cells, 
cells of Martinotti, and other neurons that 
have a fusiform shape (Fig. 11-128). At times 
this layer is subdivided into an outer or su- 
perficial lamina and an inner, deeper lamina 
Which gradually merges with the subcortical 
white matter. Many axons of the cells in the 
multiform layer enter the subjacent white 
Midibuer, 


Cytoarchitectonics and Myeloarchitectonics 


Various regions of the cerebral cortex 
show differences in morphologic structure, 
and on the basis of these variations, detailed 
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Fic. 11-130. Photomicrograph showing a group of 
giant pyramidal cells whose neuron cell bodies are lo- 
cated in the internal pyramidal layer (layer V). Note 
that these nerve cells extend their apical dendrites up- 
ward through the more superficial layers of the cortex 
and many reach the molecular layer (Golgi method.) 


studies have identified numerous cortical 
areas with respect to differences in the cellu- 
lar structure of the various neuronal layers 
(cytoarchitectonics) or variations in the ar- 
rangement of the myelinated fibers in differ- 
ent regions (myeloarchitectonics). Utilizing 
light microscopic techniques for the study of 
stained sections of the cerebral cortex, in- 
vestigators such as Campbell (1905), Brod- 
mann (1909), Vogt and Vogt (1919), von 
Economo (1929), Rose (1935), and Bailey and 
von Bonin (1951) distinguished different 
numbers of cortical areas based on the cellu- 
lar and fiber patterns of the cortical laminae. 
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Campbell (1905) identified six cortical layers 
according to the morphology of the principal 
neuronal cell type found within each layer, 
and he recognized about 20 different cortical 
fields. Brodmann (1909) also differentiated 
six cortical layers that generally are similar 
to those of Campbell, and it is Brodmann’s 
schema that is most commonly utilized 
today and is adopted here. Additionally, 
Brodmann mapped 47 different cortical 
fields as the result of his cytoarchitectonic 
studies: these are shown in Figure 11-131, 
A and B. Vogt and Vogt (1919) and von 
Economo and Koskinas (1925) elaborated on 
the Brodmann maps and _ identified far 
greater numbers of cortical fields. The Vogts 
described over 200 cortical areas on the 
basis of differences in the patterns made by 
the myelinated fibers, and von Economo and 
Koskinas listed over 100 areas. Later von 
Economo (1927) grouped the neocortical 
fields into five fundamental types based 
principally on the cytoarchitectural patterns 
of the granule and pyramidal cells. These 
were Called agranular, frontal, parietal, 
polar, and atypical granular types (Fig. 11- ° 
132). The frontal, parietal, and polar types all 
have six distinguishable laminae that may 
vary in thickness, but are generally similar 
in cytoarchitecture and, therefore, are called 
homotypical neocortex. The cytoarchitec- 
ture of the agranular and atypical granular 
cortical areas varies markedly from the pat- 
tern seen in the homotypical neocortex and 
sometimes the term heterotypical neocortex 
is used for them. 

AGRANULAR TYPE. The agranular cortex 
(type 1) is characterized by its great thick- 
ness, by the lack of distinct layers of granule 
cells (layers II and IV), and by the large size 
and number of pyramidal cells (Fig. 11-132). 
The granular cells in layers II and IV have 
been replaced predominately by pyramidal 
cells. In addition to other sites, the agranular 
type of neocortex is found in the posterior 
part of the frontal lobe, just rostral to the 
central sulcus, and is generally considered 
the cortical type forming the motor area of 
the precentral gyrus (Fig. 11-133). 

FRONTAL TYPE. The frontal type (type 2) of 
neocortex shows the typical six-layered pat- 
tern; it is relatively thick and has medium- 
to large-sized pyramidal cells in layers IJ] 
and V (Fig. 11-132). Distinct granular layers 
(II and IV) are seen, but these are rather nar- 
row. Although this architectonic pattern 
appears typically in regions of the frontal 
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The cytoarchitectonic areas of the human cerebral cortex, as seen from the superolateral (A) and medial 
(B) surfaces of the cerebral hemisphere as described by Brodmann. The different areas are defined by various symbols 
and enumerated in the order that Brodmann studied them. (From K. Brodmann, Vergleichende Localisationslehre der 


Grosshirnrinde, J. A. Barth, Leipzig, 1909.) 


lobe rostral to the motor areas, it also ap- 
pears in other cortical regions (Fig. 11-133). 
aARyhyeL TYPE §=6The parietal type (type 3) 
of neocortex has wider and well developed 
granular layers (Fig. 11-132). In contrast, the 
pyramidal cell layers are thin and contain 
pyramidal cells that are smaller and more 
slender than those in the frontal type of cor- 
tex. This cortical type is found in both the 
parietal and temporal lobes (Fig. 11-133). 


POLAR TYPE. The polar type (type 4) is 
found at both the frontal and occipital poles 
of the cerebrum (Fig. 11-133). Although it 
shows a characteristic six-layered pattern, 
this cortex is thinner overall, the pyramidal 
cell layers being especially reduced in width 
and the granular cell layers rather well de- 
veloped (Fig. 11-132). The polar cell layers of 
the frontal lobe have more pyramidal cells 
than those in the occipital lobe. 
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Fic.11-132. The five types of cortical structure, showing differences in laminar thickness and cellular constituents of 
the various layers. See text for further details. (From C. von Economo, Zellaufbau der Grosshirnrinde des Menschen, J. 


Springer, Berlin, 1927.) 


ATYPICAL GRANULAR CORTEX. Also known 
as koniocortex, the atypical granular cortex 
(type 5) contains large numbers of densely 
packed granule cells in layers II, III, and IV 
(Fig. 11-132). Layer III (external pyramidal 
layer), which in the typical six-layered neo- 
cortex contains large numbers of pyramidal 
cells, contains only a small number of these 
cells in granulous cortex. Overall, the 
koniocortex is the thinnest of the five neo- 
cortical types, and in addition to being 
found at other sites, it can be seen bounding 
the calcarine fissure and occupying the most 
rostral part of the postcentral gyrus (Fig. 
11-133). 


Principal Functional Cortical Areas: Sensory 


The localization of function in different 
cortical regions has been a field of great in- 
terest in neurophysiology for many decades. 
Although neuroscientists have been unable 
to apply a functional significance to all of 
the many anatomically recognized parcels of 


cerebral cortex that have been described by 
cytoarchitectonic and myeloarchitectonic 
methods, it can be said that primary sensory 
receiving areas characteristically have well- 
developed granular layers that contain great 
numbers of densely packed small cells, 
while the motor areas have many large py- 
ramidal cells. Cortical regions do not func- 
tion in isolation, and the diagrammatic maps 
frequently used to illustrate cortical locali- 
zation must be accepted with a degree of 
caution. To what extent the cytoarchitecture 
of different cortical regions and the morpho- 
logic geometry of cortical neurons are re- 
lated to cortical function is unclear, but it 
would be surprising if the variations in lami- 
nar structure from region to region have lit- 
tle to do with the mode of operation of the 
cerebral cortex. Appearing in recent years 
are reports of detailed studies of cortical 
neurons and their precise somatosensory or 
visual inputs and analyses of unitary dis- 
charge patterns of pyramidal neurons asso- 
ciated with specific movements. Such efforts 
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Fig. 11-133. Distribution of the five types of cortex seen in Figure 11-132, as shown on the superolateral (A) and 
medial (B) surfaces of the cerebral hemisphere. The types of cortex are: agranular (1), frontal (2), parietal (3), polar (4), 
and atypical granular (5). (From C. von Economo, Zellaufbau der Grosshirnrinde des Menschen, J. Springer, 


Berlin, 1927.) 


are attempts to unravel the complexities of 
cortical neuronal function in relation to the 
laminar organization observable anatomi- 
cally. 

Various regions of the cerebral cortex re- 
celve impulses arising from receptors lo- 
cated in particular sense organs throughout 
the body or from nerve fibers supplying the 
skin and internal organs. These include vis- 
ual, auditory, olfactory, and gustatory im- 


pulses of special sensation, as well as im- 
pulses of somatic sensibility or somesthesis. 
The latter term incorporates various sensa- 
tions associated with touch and pressure 
(mechanoreception), warmth and cold, posi- 
tion sense and movement of joints, and pain. 
The sensory receiving areas in the cerebral 
cortex have been categorized as primary 
receiving areas, to which project the princi- 
pal thalamocortical pathways from the tha- 


GROSS ANATOMY OF THE CENTRAL NERVOUS SYSTEM 


lamic relay nuclei (Fig. 11-134), and second- 
ary receiving areas, which are located near 
the primary areas but are distinctly sepa- 
rated from the cortical zones receiving the 
principal thalamic projection (Fig. 11-135). 
The secondary areas are usually smaller 
than the primary areas and do not appear to 
be organized in the same manner. Primary 
somesthetic, visual, auditory, and olfactory 
areas have been localized, as have second- 
ary somesthetic, visual, and auditory areas. 
Taste and vestibular projections to the cere- 
bral cortex have not been localized as 
clearly, but are believed to exist. 

PRIMARY SOMESTHETIC RECEIVING AREA. 
The primary somatic sensory area (SI or 
SmI) is located in the postcentral gyrus and 
consists of areas 3, 1 and 2, which Brodmann 
identified as having different cytoarchitec- 
tural patterns (Fig. 11-136). In the human 
brain, area 3 of the primary somesthetic area 
extends to the floor of the central sulcus, 
where it becomes continuous with the pri- 
mary motor cortex (Brodmann’s area 4; Ms]). 
Sometimes this transitional zone is called 
area 3a, while the main part of area 3 is 
called area 3b. Caudal to area 3 and oriented 
longitudinally along the crest of the postcen- 
tral gyrus is area 1. Behind this is located 
another longitudinally oriented narrow strip, 
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area 2, which extends along the posterior 
wall of the postcentral gyrus to the postcen- 
tral sulcus. This latter sulcus separates the 
primary somesthetic area anteriorly from 
Brodmann’s areas 5 and 7 in the superior 
parietal lobule posteriorly (Fig. 11-131). Al- 
though the primary somesthetic area is a 
six-layered cortex, it is thinner than the ad- 
jacent motor cortex and contains well-devel- 
oped granular layers. Area 3 differs from 
areas 1 and 2 because layer III is composed 
almost completely of granule cells and layer 
V is poorly developed—characteristics typi- 
cally seen in cortical sensory receiving 
areas. Thus, areas 2 and 1 are thicker than 
area 3, have somewhat less densely arranged 
granule cells, and contain more pyramidal 
cells in layers III and V. 

It has been well established that the pri- 
mary somesthetic area receives direct and 
precise projections from the nucleus ven- 
tralis posterolateralis (VPL) and the nucleus 
ventralis posteromedialis (VPM), which 
relay afferent impulses to the cortex from 
the ascending spinothalamic and trigeminal 


tracts and from the medial lemniscus. The ~ 


representation of the body in the postcentral 
gyrus is arranged somatotopically, so that 
the contralateral lower limb is localized 
uppermost in the gyrus and extends onto the 


Somatic sensory 
(discriminative) 


—— 
—* 
— 





Primary 
visual 


Fic. 11-134. The lobes of the left hemisphere, showing a few of Brodmann’s cortical areas by numbers. Indicated by 
stippling are the primary cortical receiving areas for somatosensory, visual, and auditory impulses, while the primary 
motor area is lined. Note the areas are only shown from this superolateral view of the cerebrum and this diagram 
should be compared with Figure 11-135. (From W. Penfield and L. Roberts, Speech and Brain Mechonisms, Princeton 


University Press, Princeton, 1959.) 
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The primary sensory receiving areas (stippled) and motor areas (lined) of the left hemisphere. Secondary 
somatosensory and visual areas and the supplementary motor area are also indicated on the medial surface of the 
cerebrum. The temporal lobe has been cut and turned down to reveal the primary auditory area. (From W. Penfield and 
L. Roberts, Speech and Brain Mechanisms, Princeton University Press, Princeton, 1959.) 


medial surface of the cerebrum, where the 
representation of the genitalia and the blad- 
der is also located. These are followed later- 
ally on the convexity of the gyrus by the 
areas of localization for the contralateral 
trunk, upper limb, face, oral cavity, pharynx, 
and intra-abdominal organs, in that order 
(Fig. 11-137). The cortical representation of 
the different regions of the body is not uni- 
form; for example, the foot, hand, and face 
areas are disproportionately large. The corti- 
cal volume allotted to a specific body part is 
related to the density of the peripheral in- 
nervation and not to the size of the region. 

The general plan of representation of dif- 
ferent body parts has now been extended by 
detailed studies utilizing microelectrode re- 
cordings of the activity of single cortical 
neurons. It has been shown that neurons in 
area 2 of the postcentral gyrus respond prin- 
cipally to input from receptors that are acti- 
vated by the rotation of joints or by the me- 
chanical stimulation of deep tissues, such as 
the periosteum or fascia, and nerve cells in 
areas 3b and 1 respond, respectively, to 
slowly adapting cutaneous receptors. Neu- 


rons in area 3a, located adjacent to the motor 
cortex, respond to stretch afferents. Thus, an 
anteroposterior representation of modalities 
exists in the postcentral gyrus (Mountcastle 
and Powell, 1959a and b; Powell and 
Mountcastle, 1959). Additionally, there is a 
complete representation of the body medio- 
laterally in each of the cytoarchitectonic 
subdivisions, 3b, 1, and 2, and probably even 
in 3a of the postcentral gyrus (Fig. 11-138) 
(Merzenich et al., 1978; Kaas et al., 1979). 
SECONDARY SOMESTHETIC RECEIVING AREA. 
A secondary somatosensory area (SII) is lo- 
cated in the cortex of the parietal lobe, be- 
hind the lower part of the postcentral sulcus 
and along the superior bank of the lateral 
sulcus (Figs. 11-134; 11-146). It is smaller than 
the primary sensory area and is also somato- 
topically organized; however, the localiza- 
tion is less discrete than that in SI and there 
is considerable overlap of the dermatomes. 
Another distinguishing feature of the sec- 
ondary somatic sensory area is that both ip- 
silateral and contralateral body parts are 
represented in a single somatotopic pattern, 
in contrast to the strictly contralateral repre- 
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Fic. 11-136. Postcentral cortical areas, 3, 1, and 2 and precentral areas 4 and 6 are shown on the superolateral (A) and 
medial (B) surfaces of the human cerebrum, described by Brodmann on the basis of different cytoarchitectonic 
features. (From K. Brodmann, Vergleichende Localisationslehre der Grosshirnrinde, J. A. Barth, Leipzig, 1909.) 


sentation in SI. The existence of SII was ini- 
tially discovered in the cat by Adrian (1941), 
but its presence has subsequently been veri- 
fied in infrahuman primates and in man. 
There is also evidence that reciprocal neural 
connections exist between the primary and 
secondary somesthetic areas. 


PRIMARY VISUAL RECEIVING aREeA The pri- 
mary visual receiving area (V-I) in man and 
other primates corresponds to area 17 of 
Brodmann, which is located along the supe- 
rior and inferior banks and in the depths of 
the calcarine fissure, and it extends into the 
cuneus and lingual gyrus (Figs. 11-131; 11- 
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Fig. 11-137. Somatotopic pattern of representation in 
the primary somesthetic receiving area of the post- 
central gyrus in the human cerebral cortex. Note the 
differences in relative size of the cortical regions from 
which sensations localized to different body parts have 
been achieved by electrical stimulation. (After W. 
Penfield and T. Rasmussen, The Cerebral Cortex of Man, 
Macmillan Publishing Co., New York, 1950.) 


134 to 11-136). In man, this area is located 
principally on the medial surface of the oc- 
cipital lobe, but frequently it continues 
around the occipital pole to occupy a small 
but variable portion of the lateral surface of 
the cerebrum as well. Frequently called the 
striate cortex, the primary visual receiving 
area may be clearly identified because of the 
presence of a conspicuous layer of myeli- 
nated fibers, limited only to this area, which 
is called the line of Gennari.! This myeli- 
nated stria corresponds to the middle of 
three sublayers in layer IV (Figs. 11-129; 11- 
139). The striate cortex is quite thin in com- 
parison to other cortical regions, and it is 
especially rich in granule cells. It contains 
well developed outer and inner granular lay- 
ers (II and IV), but the pyramidal cells, ex- 
cept the large solitary cells of Meynert,? are 
small. These latter elements, mostly found in 


‘Francisco Gennari (1750-1797?): An Italian anatomist 
and physician (Parma). 

“Theodor H. Meynert (1833-1892): An Austrian neurolo- 
gist (Vienna). 
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layer V, have a stellate shape and may be 
considered somewhat modified pyramidal 
cells that are oriented in a line; they have 
widely ramifying dendrites and axons that 
project to the superior colliculus. 

The internal granular layer (IV) of the pri- 
mary visual area (area 17) receives fibers 
from the lateral geniculate body by way of 
the geniculocalcarine tract, and the striate 
area on each side receives input from the 
contralateral visual half of the visual field, 
i.e., the temporal half of the ipsilateral retina 
and the nasal half of the contralateral retina 
(Fig. 11-140). The macular region of the ret- 
ina is represented in the more caudal part of 
the striate region. The geniculocalcarine 
projections to the striate cortex retain their 
laterality. The input from the contralateral 
retina terminates in lateral geniculate layers 
1, 4, and 6, while the ipsilateral retinal fibers 
terminate in lateral geniculate layers 2, 3, 
and 5. The geniculocalcarine projection 
courses to layer IV of the striate cortex and 
is Organized in such a manner that neurons 
from the different geniculate layers termi- 
nate in alternating portions of layer IV, each 
of which measures as much as 0.5 mm wide. 
Additionally, the striate cortex is organized 
vertically in columns of cells through all the 
layers in a manner that also reflects ocular 
dominance in a right eye-left eye alternating 
pattern (Fig. 11-141). In a series of elegant 
studies, Hubel and Wiesel mapped the re- 
ceptive fields of striate cortical neurons to 
luminous retinal stimulation. Unlike the cir- 
cular retinal receptive fields encountered by 
recording from cells in the lateral geniculate 
body, the receptive fields for cortical neu- 
rons are arranged linearly in the retina, so 
that cortical cells respond with more or less 
complexity to slits of light or to edges be- 
tween light and dark. 

VISUAL AREAS II ano Ill. Surrounding the 
primary visual receiving area are two corti- 
cal zones from which evoked potentials can 
be recorded when the retina is stimulated. 
These prestriate cortical areas occupy the 
remainder of the occipital lobes and extend 
rostrally into the parietal and temporal 
lobes; they correspond roughly to Brodmann’s 
areas 18 and 19, but are not exactly coexten- 
sive with them (Fig. 11-131). Sometimes con- 
sidered as the visual association cortex, 
these areas have been shown to be intercon- 
nected at the cortical level with the primary 
visual receiving cortex of area 17. A micro- 
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Fic. 11-138. Microelectrode studies of areas 3b and 1 in the contralateral postcentral gyrus have shown that a 
complete representation of the body parts exists in each of these two cytoarchitectonic fields. Similar functionally 
distinct fields have also been reported to characterize the organization of area 2 and are now suspected to exist in area 
3a, but these latter two cytoarchitectonic areas are not shown in this figure. This particular map displays the primary 
somesthetic area in the owl monkey, Aotus trivirgatus, but similar results have been reported for many species of 


monkeys. (From Merzenich, Kaas, Sur, and Lin, 1978.) 


electrode analysis of single cell responses has 
revealed that the retinotopic pattern in area 
18 (V-II) is a mirror image of that in area 17. 
Within area 19, still a third visual receiving 
area (V-III) exists, and its retinotopic organi- 
zation also appears to be a mirror image of 
area 17. Most of the neurons in visual areas 
II and III respond as “complex” or “hyper- 
complex” cells according to Hubel and 
Wiesel, and few if any appear to belong in 
the “simple” category that has been de- 
scribed in the striate cortex. It is believed 
that visual areas II and III function by elabo- 
rating on the visual input received in the 
striate cortex and they serve to transfer this 
information both to other cortical areas and 
back to brain stem sites. Additionally, they 
may also play a role in analyzing and coordi- 


nating visual information for appropriate 
environmental and spatial adjustments. 
AUDITORY RECEIVING AREAS (AI AND All). 
The auditory receiving areas are located 
along the anterior and posterior transverse 
temporal gyri and correspond to Brodmann’'s 
areas 41 and 42 (Fig. 11-131). In man and 
monkeys, these gyri form part of the tempo- 
ral operculum and extend from the upper 
bank of the superior temporal gyrus to the 
floor of the lateral sulcus, where they he 
hidden. To see these areas in the human 
brain, it is necessary to separate the tempo- 
ral and parietal opercula, as one does to ex- 
pose the insula (Fig. 11-135). Much of what is 
known about auditory receiving areas in the 
human brain, therefore, has been gained 
from studies on cats, because these cortical 
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Fig. 11.139 A low power photomicrograph of a parasagittal section of monkey visual cortex stained by the Nissl 
method for neuronal cell bodies. Note that the visual cortex is a continuous sheet of neurons about 2mm thick, and in 
this section it consists of an outer gyrus (A) and a buried fold (B). The arrows indicate the borders between areas 17 


and 18. (From D. Hubel and T. Wiesel, 1977.) 


GROSS ANATOMY 


Pretectal 
region 


Superior 
colliculi 


Corpus 
callosum 


Area 19 ay : 
Area 18 —™ 


Area 17 





1089 


Or Pie § TL NIRAL NERVOU 


temporal 


Optic nerve 
Optic chiasm 
Right optic tract 


Lateral geniculate 
body 


Optic radiation 


Visual cortex 


Fig. 11-140. A simplified diagram of the visual pathway in the human brain. Note that some of the efferent 
connections between the visual cortex and subcortical structures are shown on the right and that transcallosal fibers 
interconnect the right and left visual areas. (From R. F. Schmidt, Fundamentals of Sensory Physiology, Springer, New 


York, 1978.) 


areas in the cat are located on the exposed 
lateral surface of the cortex and are easily 
accessible. 

The primary auditory cortex that consti- 
tutes area 41 may be described as a highly 
cellular, six-layered koniocortex with rather 
thick and densely packed granular layers, 
similar to the cortex seen in other primary 
receiving cortical areas. This region (in the 
cat) is nearly surrounded by a belt of at least 
three auditory cortical fields (Fig. 11-142), 
which also respond to auditory stimuli and 
constitute the secondary auditory area (AII). 
These latter fields in the cat may be compa- 
rable to area 42 in the human brain, located 
adjacent to area 41. Unlike area 41, however, 
the six-layered cortex in area 42 is of the 
parietal type (type 3). 

The auditory cortex receives its principal 
afferent input from the medial geniculate 
nucleus. These geniculotemporal fibers 
course by way of the sublenticular part of 


the internal capsule and project to both the 
primary and secondary auditory areas. In 
the anesthetized monkey or chimpanzee, 
there is a precise tonotopic localization 
within the primary auditory receiving area. 
Studied most extensively in the cat, high 
tonal frequencies are represented anteriorly 
in AI, and progressively lower frequencies 
are represented as one proceeds posteriorly 
in the primary auditory receiving area. In 
All, the tonotopic representation appears to 
be reversed from that seen in AI, with the 
higher frequencies being represented more 
posteriorly and the lower frequencies anteri- 
orly. Some questions have been raised about 
the precision of this tonotopic representa- 
tion, however, because microelectrode stud- 
ies in unanesthetized animals have revealed 
a more complex response of many cortical 
neurons in the auditory region than the pre- 
cise tonotopic organization observed in 
anesthetized animals. More detailed infor- 
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Fig. 11-141. A dark field autoradiograph taken of area 17 in a macaque monkey in which the ipsilateral eyeball had 
been injected with tritiated proline-fucose two weeks earlier. The labelled regions stand out in a periodic pattern of 
white patches in cortical layer 1Vc as linearly alternating columns, which actually are curving slabs of cortex cut in 
cross section to the brain surface in this specimen. This demonstrates that the radioactive material injected into the 
ipsilateral eye had been carried from the retina to alternating specific columns of cells in the ipsilateral striate cortex, 
between which are gaps of similar width that were not labelled and presumably represent ocular columns for the 
noninjected contralateral retina. (From D. Hubel and T. Wiesel. 1977.) 


mation is necessary before definitive com- 
ments can be made about the nature of the 
organization of the primary and secondary 
human auditory receiving areas. Interest is 
currently focused on the columnar organiza- 
tion of the auditory cortex and the manner 
by which binaural input is processed at a 
cortical level. 

TASTE OR GUSTATORY RECEIVING AREA. It is 
well established that the peripheral path- 
ways mediating special sensory impulses of 
taste course along special visceral afferent 
nerve fibers in the facial, glossopharyngeal, 


and vagus nerves; however, the central path- 
ways traveled by these impulses are some- 
what less clearly understood. Afferent im- 
pulses reach the nucleus of the tractus 
solitarius in the medulla oblongata and are 
then relayed to higher brain stem, dience- 
phalic, and telencephalic levels. Some evi- 
dence appears to indicate that the nucleus of 
the tractus solitarius projects to a region in 
the pons located in the parabrachial nuclei 
within the superior cerebellar peduncle; this 
has been called the pontine taste area 
(Norgren and Pfaffmann, 1975). From the 
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Fig. 11-142. 


The primary (AI, vertical lines) and 
secondary (AII, cross hatch) cortical auditory receiving 
areas in the cat. Caudal to the posterior ectosylvian 
sulcus (ecp) is the posterior ectosylvian area (Ep, dotted), 
which is structurally distinct from AI and from which 
only small evoked potentials can be elicited from 
cochlear nerve stimulation. Below this is the caudal 
portion of the secondary auditory area (cross hatched 
and dotted). I, insular region; T, temporal region; ssa, 
ssm, and ssp, anterior, middle, and posterior parts of the 
suprasylvian sulcus; eca, anterior ectosylvian sulcus; 
pss, pseudosylvian sulcus. (From J. E. Rose and C. N. 
Woolsey, in Biological and Biochemical Bases of 
Behavior, edited by H. F. Harlow and C. N. Woolsey, 
University of Wisconsin Press, Madison, 1958.) 


pons, nerve fibers project to the lateral hypo- 
thalamus, the central nucleus of the amyg- 
dala, and the medial part of the nucleus 
ventralis posteromedialis (VPM) in the thal- 
amus. The hypothalamic and amygdaloid 
projections may be related to feeding behav- 
ior, because lesions in these regions mark- 
edly alter food intake, whereas the pathway 
to the thalamus projects to the cerebral 
cortex. 

The cortical areas responsible for the per- 
ception of taste are not precisely known; 
however, a close relationship appears to 
exist between the cortical receiving areas for 
general somatic sensations from the tongue 
and those to which the taste pathways pro- 
ject from the thalamus. Recent information 
points to the opercular part of the postcen- 
tral gyrus, with extensions into the lateral 
fissure, as one of the cortical taste receiving 
areas. This region is either within or near the 
primary somesthetic tongue area. Ablations 
of the frontal and parietal opercular regions 
in primates have been reported to result in a 
loss of taste, while stimulation of the opercu- 
lar cortex of the parietal lobe in conscious 
human patients has resulted in the percep- 
tion of taste sensations. 






HONS] 


VESTIBULAR CORTICAL REPRESENTATION. 


There is reason to believe that impulses 
traveling along pathways from the vestibu- 
lar nuclei in the brain stem reach the cere- 
bral cortex because human beings have the 
ability to perceive consciously their orienta- 
tion in space. Although studies have re- 
vealed cortical cells capable of responding 
to vestibular input, there does not appear to 
be a cortical area in which the cells respond 
only to vestibular impulses. Experiments in 
cats have implicated a region anterior, but 
close, to the auditory receiving area. This 
area includes parts of the anterior ectosylvian 
and anterior suprasylvian gyri adjacent to 
the anterior part of the suprasylvian sulcus 
in this species. More recent experiments in 
monkeys, however, point to a vestibular re- 
ceiving area near or within the somatosen- 
sory face area in the postcentral gyrus. Corti- 
cal neurons in this latter region show a 
convergence of somatosensory impulses 
originating from muscles and joints and ves- 
tibular impulses. These units also appear to 
interact with neurons in the motor cortex. 
The precise pathway(s) by which vestibular 
information reaches cortical levels is not 
known, but it is presumed that thalamic or 
other nuclei lower in the neuraxis are inter- 
posed between the primary vestibular nuclei 
and the cerebral cortex. 


Principal Functional Cortical Areas: Motor 


In addition to its functions related to sen- 
sation, the cerebral cortex is importantly 
involved in the control of movement. Axons 
arise in deep layers of the cerebral cortex 
and project to the basal ganglia, thalamus, 
brain stem, and spinal cord, and many are 
associated with motor function. Since the 
initial experiments of Fritsch and Hitzig in 
1870, it has been known that electrical stim- 
ulation of certain cortical sites in animals 
and in man can elicit the contraction of indi- 
vidual muscles or muscle groups or inhibit 
ongoing motor activity. Motor localization 
studies have identified primary, secondary, 
or supplementary cortical motor areas, as 
well as motor areas associated with eye 
movements and speech. It must be under- 
stood that sensory and motor functions of 
cortical regions are so intimately interre- 
lated that often motor responses can be elic- 
ited from stimulation of the so-called sen- 
sory areas, and sensory impulses are 
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Fig. 11 143. Lateral view of the cortical areas in the human brain that were reported by O. Foerster to result in motor 
responses when electrically stimulated. Stimulation of the primary motor cortex (area 4, indicated in solid black) and 
other parts of the precentral gyrus and the postcentral gyrus (areas 6a a, 3, 1, and 2: horizontally lined areas) resulted in 
discrete movements that could be elicited at relatively low thresholds. Stronger electrical stimulation of other regions 
in the frontal, temporal, and parietal lobes (areas 6a £, 5a and 5b, and 22) resulted in more complex mass movements 
and turning toward the opposite side; Foerster considered these to be extrapyramidal in their mechanism. Note that 
Foerster superimposed his results on the cytoarchitectural numbering system utilized by the Vogts, and this differed 
somewhat from that of Brodmann. (From W. Penfield and T. Rasmussen, 1950, after O. Foerster, 1935). 


recordable within the motor regions. Not- 
withstanding the safety of assuming that the 
nervous system functions in its entirety in 
the execution of behavior, there still is 
ample evidence in support of the concept 
that a high degree of localization of motor 
control exists at a cortical level. 

PRIMARY SOMATOMOTOR AREA. ‘The pri- 
mary somatomotor area is located in the pos- 
terior part of the frontal lobe along the ante- 
rior bank of the central sulcus, and _ it 
includes most of the adjoining precentral 
gyrus (Figs. 11-131; 11-134 to 11-136; 11-143). 
It corresponds to Brodmann’s area 4, and its 
structure is characterized by large numbers 
of pyramidal cells in layers III and V, by the 
presence of giant pyramidal cells (of Betz) in 
layer V, and by its poorly developed exter- 
nal and internal granular layers (II and IV). 
The primary motor cortex is usually quite 
thick (3.5 to 4.0 mm) and it is categorized as 
agranular, belonging to the type 1 grouping. 
[t extends onto the medial surface of the cer- 
ebrum, where it occupies the anterior part of 
the paracentral lobule (Fig. 11-136,B), and on 
the lateral surface of the cerebrum, it 
reaches nearly to the lateral fissure but 


tapers more narrowly before it ends (Fig. 
11-143). It has been estimated that there are 
between 30,000 and 35,000 Betz cells in the 
primary motor area, and although their 
axons join the corticospinal or pyramidal 
tract, they form only a small percentage of 
the estimated one million fibers located 
within that great motor pathway. The giant 
pyramidal cells may reach sizes of 60 »m 
wide and 120 pm high, but many are consid- 
erably smaller, especially in the inferolateral 
or opercular part of the precentral gyrus. 
Contraction of specific muscle groups that 
results in discrete movements of contralat- 
eral body parts may be induced by electrical 
stimulation on the surface of the primary 
somatomotor area. Much of the information 
available on the somatotopic pattern of orga- 
nization in the human motor cortex has 
been achieved from direct electrical stimula- 
tion of the brain during neurosurgical proce- 
dures. These studies and others on subhu- 
man primates and other mammals have 
established that excitation of discrete points 
of foci will elicit specific motor responses 
and, by this manner, it has been possible to 
construct somatotopic maps of the cortical 
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Fic. 11.144. Motor homunculus indicating parts of the 
body from which motor responses were obtained when 
area 4 in the precentral gyrus of human patients was 
electrically stimulated during neurosurgical procedures. 
(After W. Penfield and T. Rasmussen, The Cerebral 
Cortex of Man, Macmillan Publishing Co., New York, 
1950.) 


surface on which are represented sequen- 
tially the various regions of the body that 
respond to electrical stimulation (Fig. 11- 
144). Although some differences have been 
reported, the lower extremity is represented 
on the medial surface of the cerebrum in the 
paracentral lobule and it extends onto the 
superior part of the precentral gyrus. From 
this point and continuing laterally along the 
precentral gyrus, the trunk, arm, forearm, 
hand, neck, face, lips, jaw, tongue, larynx, 
and pharynx are represented in sequence. 
As is true in the primary somatosensory re- 
ceiving area, there is a disproportionately 
greater representation in the motor cortex 
for the hand and face than would be ex- 
pected on the basis of the size of these body 
parts (Fig. 11-146). It appears that the more 
intricate and delicate the capability of motor 
performance, the greater is the volume of 
cortical substance required for motor con- 
trol. The motor field for movements of the 
thumb is especially large. 

It must be emphasized that movement can 
also be achieved by stimulation of cortical 
areas other than those in the so-called motor 
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regions, and the fibers in the corticospinal 
tract are derived from neurons in the pri- 
mary somatosensory areas and probably 
also from Cortical areas in occipital and tem- 
poral lobes, as well as from other sites in the 
parietal and frontal lobes. The movements 
that are elicited by electrical stimulation of 
the primary motor area are the result of 
straightforward muscular contractions and 
never take the form of complex or skilled 
purposeful actions. 

Not much information exists on the func- 
tional organization of the motor area; how- 
ever, it is believed that the cellular elements 
are organized in a columnar manner as they 
are in other cortical regions. Recordings 
from individual units during the perform- 
ance of a motor task have revealed a com- 
plex pattern of interaction among cortical 
cells. What appears to be represented in the 
motor cortex is related more to the joint at 
which the movement occurs and the nature 
of that movement than to the individual 
muscles being contracted. Certainly many 
factors, such as the afferent inputs to the 
motor region from other cortical fields and 
other levels of the neuraxis, and the previ- 
ous experience and learned behavior of the 
individual, all contribute to the functional 
organization of the motor cortex. 

PREMOTOR AREA. The premotor area is a 
region of the cerebral cortex that extends on 
both the lateral and medial surfaces of the 
frontal lobe immediately rostral to the pri- 
mary motor area. Cytoarchitecturally, it is 
an agranular, six-layered cortex quite simi- 
lar to that seen in the motor area, except that 
it lacks the giant pyramidal cells characteris- 
tic of area 4. This entire cortical region, lying 
behind the frontal association cortex and 
frontal eye fields and in front of the precen- 
tral motor area, was anatomically delineated 
as area 6 by Brodmann (Figs. 11-131; 11-136); 
physiologically, however, this region does 
not appear to function as a single entity. The 
portion of area 6 that is on the medial sur- 
face of the hemisphere has been designated 
as part of the supplementary motor cortex 
(Figs. 11-134; 11-145), and that on the lateral 
cortical surface has been divided into sev- 
eral subareas on both functional and ana- 
tomic grounds. 

Electrical stimulation of the premotor area 
gives rise to complex movements, frequently 
consisting of deviation of the eyes, head, and 
trunk to the contralateral side, and these are 
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probably mediated through extrapyramidal 
paths. Lesions of this region in monkeys and 
man result in forced grasping. Although 
there is no general agreement about the por- 
tions of area 6 that are responsible for this 
clinical sign, the best evidence indicates that 
forced grasping results from lesions of the 
supplementary motor area located on the 
medial surface of the hemisphere rather 
than that part on the lateral cerebral surface. 
Lesions in the premotor area have also been 
reported to result in perseveration of a given 
motor task in monkeys and the inability of 
human beings to perform correct movements 
in response to a verbal command. 
SUPPLEMENTARY MOTOR AREA. The supple- 
mentary motor area is located in the medial 
frontal gyrus on the medial surface of the 
cerebrum just above the cingulate gyrus and 
just rostral to the primary motor region that 
controls movements of the lower extremity 
(Figs. 11-134; 11-145). It has no specific 
cytoarchitectural borders and does not con- 
tain giant pyramidal cells. It is a physiologi- 
cally defined region that corresponds to the 
part of Brodmann’s area 6 located on the 
medial surface of the cerebrum. Electrical 
stimulation of this region elicits movements 
of the contralateral extremities in both mon- 





Fig. 11-145, 


Diagrammatic representation of the 
medial (above) and superolateral surfaces of the left 
cerebrum in the monkey, showing the extent of the 
primary somatomotor area (precentral motor) and the 
supplementary motor area. Note the localization pattern 
within these areas shown in Figure 11-146. (From 
Woolsey et al., 1952.) 
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Fic. 11-146. Diagram of monkey cerebral cortex 
showing the general organization plan of the precentral 
motor cortex (MI), the supplementary motor cortex on 
the medial surface of the cerebrum (MII), the postcentral 
primary somesthetic area (St), and the secondary 
somesthetic area (SII). (From C. N. Woolsey, in 
Biological and Biochemical Bases of Behavior, edited by 
H. F. Harlow and C. N. Woolsey, University of Wis- 
consin Press, Madison, 1958.) 


keys and man, but the threshold for these 
responses is usually higher than that in the 
primary motor cortex. 

In the monkey, the supplementary motor 
area seems to be organized in a topographic 
pattern nearly as precise as that seen in the 
primary motor cortex (Fig. 11-146), whereas 
in the human brain electrical stimulation 
appears to elicit complex motor synergies of 
the eyes, upper extremities and trunk, along 
with vocalization, and no precise somato- 
topic pattern has been reported. Lesions in 
the supplementary motor area of monkeys 
results in hypertonia, spasticity, and forced 
grasping without paralysis, while human 
patients with lesions confined to this region 
show more subtle motor symptoms, includ- 
ing a reduction in speech, but these are usu- 
ally transient and recovery of deficits occurs. 

FRONTAL AND OCCIPITAL EYE FIELDS. It is 
well established that areas in both the fron- 
tal and occipital lobes are functionally re- 
lated to movements of the eyes. Rostral to 
the premotor area is a cortical region that 
produces conjugate eye movements when 
electrically stimulated. In the human brain, 
the frontal eye field corresponds approxi- 
mately to Brodmann’s area 8, located in front 
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of the precentral sulcus and occupying the 
caudal part of the middle frontal gyrus and a 
portion of the adjacent caudal part of the 
inferior frontal gyrus (Fig. 11-131). Because 
the frontal eye field is located immediately 
anterior to the precentral motor areas that 
control movements of other facial and oral 
musculature, some investigators have con- 
sidered this field a rostral extension of the 
motor area. It is unclear, however, how this 
cortical region receives its sensory input, 
and its functional relationships to brain stem 
centers that innervate the extraocular mus- 
culature are also not well understood. Elec- 
trical stimulation of the frontal eye field re- 
sults in a conjugate deviation of the eyes to 
the contralateral side of the body. A lesion in 
this cortical region results in the loss of this 
motor function and the eyes become devia- 
ted toward the side of the lesion because the 
eye field in the opposite cortex is function- 
ing unopposed. 

Electrical stimulation of cortical regions 
located in the occipital lobe also results in 
conjugate deviation of the eyes to the oppo- 
site side of the body. One occipital eye field 
is more extensive than that found in the 
frontal lobe and appears to occupy most of 
striate area 17, and others are located in 
parts of areas 18 and 19. Stimulation of the 
striate region above the calcarine fissure 
appears to evoke lateral and downward 
movements of the eyes, while stimulation 
below the fissure results in lateral and up- 
ward movements. Efferent projections from 
the occipital cortex to the superior colliculus 
and pretectal regions probably serve as the 
initial part of this corticofugal pathway to 
the extraocular muscles. The occipital eye 
fields are thought to be importantly involved 
in ocular movements required to fix upon 
and follow a moving object. 

MOTOR SPEECH AREAS. Although it is be- 
lieved that certain animals have an ability to 
communicate by utilizing vocalization and 
other types of motor performance, commu- 
nication by the use of language and the 
motor functions of speech are uniquely 
human. In most individuals, the cortical 
areas important for the perception of lan- 
guage and the motor control of speech are 
confined principally to one of the two hemi- 
spheres. Right-handed people have a left 
cortical dominance for motor skills and 
most, likewise, have a left hemispheric dom- 
inance for the organization and control of 
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speech. Left-handed or ambidextrous people 
have a right cortical dominance for most 
motor skills, but many still have a left hemi- 
spheric dominance with respect to speech. 
Thus, recent studies have indicated that the 
left hemisphere serves especially for func- 
tions related to language and speech, while 
the right hemisphere serves more impor- 
tantly for visuospatial and conceptual func- 
tions and for other nonverbal skills. As yet, 
however, there is little definitive morpho- 
logic evidence of differences between the 
two cortical sides. Our understanding of the 
localization of speech function in the cere- 
bral cortex has principally resulted from 
studies in people who sustained brain le- 
sions and from reports of electrical stimula- 
tion of the brain in conscious patients during 
neurosurgical procedures. 

The motor speech area of Broca is located 
near the operculum of the frontal lobe 
within the inferior frontal gyrus, just in front 
of the precentral sulcus (Figs. 11-147; 11-148). 
It includes the region that coincides approx- 
imately with Brodmann’s area 44, as well as 
part of area 45 (Fig. 11-131). Broca’s area lies 
rostral to the primary motor region that con- 
trols the laryngeal and oropharyngeal mus- 
culature essential for vocalization. Electrical 
stimulation of this region in the dominant 
hemisphere may result in the arrest of 
speech, in aphasic mistakes, or simply in the 
utterance of vowel sounds. Additionally, al- 
terations in speech behavior have been 
achieved by stimulation of at least two other 
cortical regions. One of these is the supple- 
mentary motor area on the medial surface of 
the frontal lobe in front of the primary 
motor region for the lower extremity, and 
the other is located in the dominant hemi- 
sphere on the lateral surface of the parietal 
and temporal lobes, the so-called secondary 
motor speech area of Wernicke! (Figs. 11- 
147; 11-148). This latter region occupies a 
rather large area below the lateral sulcus 
within the posterior part of the superior tem- 
poral gyrus and extends into the supramar- 
ginal and angular gyri. It lies adjacent to the 
auditory receiving area and it is thought to 
function in speech recognition, because le- 
sions at this site result in receptive aphasia 
or failure to understand a previously known 
language. 


'Karl Wernicke (1848-1905): A German neurologist 
(Berlin). 
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Fig. 11 147. The dominant (usually left) cerebral hemisphere, showing areas devoted to the elaboration of speech as 
determined by evidence from electrical stimulation of the human brain during neurosurgical procedures. (From W. 
Penfield and L. Roberts, Speech and Brain Mechanisms, Princeton University Press Princeton, 1959.) 





FiG. 11-148. Photograph of the dominant left hemisphere of the human brain on the surface of which are indicated 
the areas devoted to speech. Local injury or electrical stimulation of these areas produces aphasia. White dots outline 
the central and lateral sulci and the numbers in the temporal lobe mark the centimeters back from the tip of that lobe. 
(Fron: W. Penfield and L. Roberts, Speech and Bruin Mechanisms, Princeton University Press, Princeton, 1959.) 
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WHITE SUBSTANCE OF THE CEREBRAL HEMISPHERE 


The white substance of the cerebral hemi- 
sphere underlies the outer laminated mantle 
of cells that forms the cortical gray sub- 
stance. Consisting of a great mass of myeli- 
nated fibers, this cerebral white substance 
intervenes between the cortical gray matter 
and the gray matter of the more deeply lo- 
cated basal ganglia. If a horizontal section of 
the brain is made deep to the level of the 
cortical sulci and gyri, but superficial to the 
corpus callosum, the subcortical white sub- 
stance on each side may be seen to form a 
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semioval mass that is called the centrum 
semiovale (Fig. 11-149). The fibers that com- 
pose the centrum semiovale are the same as 
those that form the corona radiata (see 
below) when cut transversely, and they con- 
sist of projection fibers, which connect the 
gray matter of the cerebral cortex with the 
caudal parts of the brain and spinal cord, 
and association or arcuate cerebral fibers, 
which interconnect different parts of the 
cerebral cortex of the same side. A third 
group of fibers, called commissural fibers, 
interconnects regions of the two cerebral 
hemispheres across the median plane. The 
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Fic. 11-149. A diagrammatic representation of a frontal section of the right cerebral hemisphere seen from above. 
Note the semioval mass of white matter that forms the centrum semiovale (red arrows) and the limbs and genu of the 


internal capsule. 
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commissural fibers comprising the corpus 
callosum intermesh with the projection and 
arcuate cerebral fibers at the level of the 
centrum semiovale, but they can best be 
seen passing across the midline at the depth 
of the longitudinal cerebral fissure. Commis- 
sural fibers forming the commissure of the 
fornix (hippocampal commissure), the epi- 
thalamic commissure (posterior commis- 
sure), and the rostral commissure (anterior 
commissure) are found more deeply in the 
cerebrum. 


Projection Fibers 


The projection fibers of the cerebral hemi- 
sphere include both afferent fibers, which 
originate in subcortical centers and termi- 
nate in the cerebral cortex (corticopetal fi- 
bers), and efferent fibers, which arise in the 
cerebral cortex and terminate in lower cen- 
ters of the neuraxis (corticofugal fibers). Cer- 
tain groups of projection fibers have already 
been described in previous sections of this 
chapter, such as the afferent and efferent fi- 
bers that constitute the fimbria and fornix 
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system of the hippocampal formation. Men- 
tion has also been made of the cortical inter- 
connections with the brain stem, thalamus, 
and basal ganglia. Above or superior (ros- 
tral) to the thalamus and basal ganglia, these 
latter interconnections and most of the other 
fibers conveying information to and from 
the gray matter of the cerebral cortex be- 
come arranged in a radiating mass of white 
matter called the corona radiata (Fig. 11-150). 
The arrangement of the corona radiata can 
best be visualized when a careful dorsoven- 
tral dissection of the cerebrum is made in 
the same orientation as that followed by the 
course of the corticopetal and corticofugal 
fibers. The corona radiata is continuous cau- 
dally with the more compactly formed inter- 
nal capsule. 

INTERNAL CAPSULE. The internal capsule 
is a thick mass of white matter that is 
bounded laterally by the lentiform nucleus 
and medially by the head of the caudate 
nucleus, the dorsal thalamus, and the tail of 
the caudate nucleus. Caudally (or inferiorly), 
many of the fibers that comprise the internal 
capsule form the cerebral peduncles, while 
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Fig. 11-150. Lateral view of a dissection of the left cerebral hemisphere, showing the fanlike arrangement assumed 


by the corticopetal and corticofugal fibers throughout the hemisphere as they form the internal c 
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Fic. 11-151. Diagram showing the locations of the various functional groups of fibers in the internal capsule as seen 
in a horizontal section. (N. B. Everett, Functional Neuroanatomy, Lea & Febiger, Philadelphia, 1965.) 


rostrally (or superiorly) the internal capsule 
assumes a more fan-like arrangement and 
thereby forms the corona radiata (Fig. 11- 
150). Between the caudate nucleus and the 
dorsal thalamus, the internal capsule is bent 
approximately to a right angle around the 
medial margin of the lentiform nucleus (Fig. 
11-151). This angular part of the internal cap- 
sule is called the genu of the internal cap- 
sule. When the internal capsule is studied in 
horizontal section, it can be seen that the 
portion rostral to the genu, the anterior limb 
(crus anterius), lies between the caudate 
nucleus medially and the lentiform nucleus 
laterally. The portion caudal to the genu, the 
posterior limb (crus posterius), is interposed 
between the thalamus medially and the 
lentiform nucleus laterally. The largest part 
of the posterior limb is called the thalamo- 
lenticular part (pars thalamolenticularis). 
The portion of the posterior limb that curves 
around the caudal end of the lentiform nu- 
cleus is called the retrolenticular part (pars 
retrolenticularis), and the portion that lies 
ventral to the lentiform nucleus is the 
sublenticular part (pars sublenticularis). 
The anterior limb of the internal capsule 
contains thalamocortical fibers that com- 
prise the anterior thalamic radiation. These 
fibers are derived from the anterior and 
medial thalamic nuclei and course to the 
frontal lobe of the cerebral cortex (Fig. 11- 
151). Corticothalamic fibers coursing from 
frontal lobe areas to the thalamus and 


frontopontine fibers interconnecting the 
frontal lobe to the pontine nuclei are also 
located in the anterior limb of the internal 
capsule. 

The genu of the internal capsule contains, 
in addition to corticothalamic and thalamo- 
cortical fibers, several fascicles of cortico- 
bulbar fibers to the motor nuclei of the cra- 
nial nerves (Fig. 11-151). One group of fibers 
is derived from the frontal eye fields of corti- 
cal areas 8 and 9 and courses to the oculomo- 
tor nucleus bilaterally, the trochlear nucleus 
ipsilaterally, and the abducens nucleus con- 
tralaterally. Another corticobulbar fascicle 
consists of fibers from the face, jaw, and oral 
cavity regions in the primary somatomotor 
cortex of area 4. These latter fibers terminate 
in the motor nucleus of the trigeminal nerve 
bilaterally, the facial nucleus bilaterally, the 
nucleus ambiguus bilaterally, and the hypo- 
glossal nucleus contralaterally. 

The thalamolenticular part of the poste- 
rior limb of the internal capsule is the part 
that is oriented posterolateral to the genu 
(Fig. 11-151). It contains the central thalamic 
radiation, which consists of thalamocortical 
somesthetic fibers to both the precentral and 
postcentral gyri, and corticofugal fibers from 
the postcentral gyrus (areas 3, 1, and 2) to the 
thalamus. Also passing through the thalamo- 
lenticular part of the internal capsule are the 
corticospinal and corticorubral fibers. The 
corticospinal fibers are derived from the 
upper and lower extremity and from trunk 
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regions of the somatomotor cortex of area 4, 
and those fibers coursing to the motor nuclei 
of the muscles of the arm are nearer the genu 
than are those coursing to the motor nuclei 
of the muscles of the leg. The corticorubral 
fibers arise in area 6 and course to the ipsi- 
lateral red nucleus. 

The retrolenticular part of the posterior 
limb contains some fibers of the posterior 
thalamic radiation, including certain genicu- 
localcarine fibers and others that intercon- 
nect the occipital cortex and the pulvinar re- 
gion of the thalamus. It also contains many 
corticofugal fibers from areas 18 and 19 that 
project to visual motor centers in the rostral 
brain stem. Other corticofugal fibers in the 
retrolenticular part are derived from associ- 
ation areas located in the parietal and occip- 
ital lobes and course to the pontine nuclei. 

The sublenticular part of the posterior 
limb contains corticofugal fibers from the 
parietal and temporal lobes that course to 
the pontine nuclei, and corticotectal fibers 
that project to the superior colliculus in the 
mesencephalon. It also contains the auditory 
radiation from the medial geniculate body, 
which courses to the auditory receiving area 
in the transverse temporal gyrus; the optic 
radiation (geniculocalcarine tract) from the 
lateral geniculate body, which courses to the 
visual receiving area in the striate cortex of 
the occipital lobe; and corticofugal fibers 
from the occipital cortex, which project to 
the superior colliculus. 

A few of the fibers that compose the optic 
radiation pass in the retrolenticular part of 
the internal capsule, but most of the genicu- 
localcarine fibers pass through the sublentic- 
ular part. There are some differences in the 
pathways taken by fibers that course to area 
17 from the lateral geniculate body. Genicu- 
localcarine fibers destined for the superior 
bank of the calcarine fissure leave the dorsal 
part of the lateral geniculate body and 
course almost directly posteriorly to the stri- 
ate cortex. Fibers from the more ventral 
parts of the geniculate body, destined for the 
inferior bank of the calcarine fissure, ini- 
tially loop forward and downward in the 
temporal lobe, forming the so-called loop of 
Meyer!’ or loop of Meyer and Archambault? 


‘Adolf Meyer (1866-1950): An American psychiatrist 
(New York and Baltimore). 

“LaSalle Archambault (1879-1940): An American neurol- 
ogist. 


(Figs. 11-86; 11-152) before turning back to 
join the other fibers in the optic radiation. 


Arcuate Cerebral Fibers (Association Fibers) 


The arcuate cerebral fibers, or association 
fibers, interconnect the different cortical re- 
gions of the same hemisphere. By definition, 
they are all ipsilateral because the fibers that 
interconnect cortical areas of the two hemi- 
spheres cross the median plane to form the 
corpus callosum and are referred to as com- 
missural fibers. Arcuate cerebral fibers are 
of two types: short arcuate fibers that inter- 
connect adjacent cortical gyri, and long ar- 
cuate fibers that interconnect cortical gyri 
separated by greater distances (Fig. 11-153). 

SHORT ARCUATE FIBERS. The short arcuate 
fibers are of two kinds: intracortical and sub- 
cortical. The intracortical short arcuate fi- 
bers commence and terminate within the 
gray substance. They form bands of both 
myelinated and unmyelinated fibers within 
certain cortical layers that interconnect ad- 
jacent gyri; they do not enter the subcortical 
white matter (Fig. 11-128,C). The subcortical 
short arcuate fibers are groups of fibers that 
leave the gray substance in one gyrus, enter 
the subcortical white matter, form a U- 
shared loop, and curve upward to join the 
gray substance of an adjacent gyrus (Fig. 
11-153). 

LONG ARCUATE FIBERS. The long arcuate 
fibers form bundles of varying sizes and 
lengths and are deeply situated in the sub- 
cortical white matter. The longest fibers, 
which join more widely separated gyri, are 
generally located in the deepest portions of 
these fasciculi. Several distinct bundles can 
be dissected readily and have been given the 
following descriptive names: the uncinate 
fasciculus, the cingulum, the superior longi- 
tudinal fasciculus, the inferior longitudinal 
fasciculus, the superior occipitofrontal fas- 
ciculus, the inferior occipitofrontal fascicu- 
lus, and the perpendicular occipital fasci- 
culus. 

The uncinate fasciculus has a dorsal and a 
ventral component. Its ventral part intercon- 
nects the gyri on the orbital aspect of the 
frontal lobe with the cortex of the parahippo- 
campal gyrus and other gyri on the medial 
surface of the temporal lobe (Figs. 11-152; 
11-153). Its dorsal component unites other 
gyri on the superolateral aspect of the fron- 
tal lobe with the cortex of the temporal gyri 
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Fig. 11-152. Lateral view of a dissection of the left cerebral hemisphere that exposes the anterior and posterior limbs 
of the internal capsule, as well as the optic radiations. (Courtesy of Dr. Charles F. Bridgman, who drew it from a 


dissection made by the late Professor A. T. Rasmussen.) 





Fic. 11-153. Diagram showing the principal systems of arcuate (or association) fibers in the cerebrum 
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or the more lateral aspect of the temporal 
lobe nearer the temporal pole. The uncinate 
fasciculus is a hook-shaped bundle that 
curves around the stem of the lateral sulcus 
deep to the point at which that fissure di- 
vides into its rami. 

The cingulum is a prominent fasciculus 
that courses along the medial aspect of the 
cerebral hemisphere and forms much of the 
white substance within the cingulate gyrus 
(Figs. 11-153; 11-154). It courses from the 
subcallosal and parolfactory gyri rostrally, 
follows the curve of the corpus callosum, 
and joins the parahippocampal gyrus cau- 
dally (Figs. 11-153 to 11-155). Although some 
fibers course along its entire length, others 
join the cingulum or leave it to enter other 
gyri located more dorsally on the medial sur- 
face of the cerebrum. 

The superior longitudinal fasciculus is a 
large bundle of arcuate fibers that is located 
deep in the white matter of the cerebrum, 
along the dorsolateral border of the lenti- 
form nucleus. It courses along virtually the 
entire anteroposterior extent of the cere- 
brum. Commencing in the frontal lobe, the 
superior longitudinal fasciculus extends 
backward above the insula and through the 
parietal lobe to the occipital lobe, where it 
arches downward and forward to disperse 
within the temporal lobe. The arching na- 
ture of this bundle led to its former name of 
arcuate fasciculus. 

The inferior longitudinal fasciculus inter- 
connects the cortex of areas 18 and 19 in the 
occipital lobe with the superior, middle, and 
inferior temporal gyri. the medial and lateral 
occipitotemporal gyri, and the parahippo- 
campal gyrus of the temporal lobe. It courses 
near the lateral walls of the temporal (infe- 
rior) and occipital (posterior) horns of the 
lateral ventricle and is separated from them 
by the optic radiation (Figs. 11-152 to 11-155). 

The superior occipitofrontal fasciculus (or 
fronto-occipital fasciculus) passes between 
the lateral aspect of the caudate nucleus and 
the site at which the fibers of the corpus cal- 
losum interdigitate with those of the internal 
capsule to form the corona radiata (Fig. 11- 
154). This bundle of arcuate fibers connects 
gyri in the occipital and temporal regions 
with others in the frontal lobe and insula. 

The inferior occipitofrontal fasciculus lies 
lateral to the claustrum in the inferior part of 
the extreme capsule. just dorsal to the un- 
cinate fasciculus (Figs. 11-152; 11-154). It in- 
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Fic. 11-154. A diagram of a coronal section through 
the brain at the level of the anterior commissure, show- 
ing (in solid black) the approximate positions of several 
of the major long arcuate fiber bundles. (From E. C. 
Crosby, T. Humphrey, and E. W. Lauer, Correlative 
Anatomy of the Nervous System, Macmillan Publishing 
Co., New York, 1962.) 


terconnects the gyri on the inferolateral as- 
pect of the occipital and temporal lobes with 
gyri on the inferolateral portion of the fron- 
tal lobe. 

The perpendicular occipital fasciculus 
runs vertically through the rostral part of the 
occipital lobe and connects the inferior pari- 
etal lobule with the lateral occipitotemporal 
gyrus of the temporal lobe (Fig. 11-153). 


Commissural Fibers 


The commissural fibers in the cerebral 
white substance include those in the corpus 
callosum, in the commissure of the fornix, in 
the anterior (rostral) commissure, and in the 
posterior (epithalamic) commissure. 


LATERAL VENTRICLES 


The lateral ventricles are irregularly 
shaped cavities located within the lower and 
medial parts of each cerebral hemisphere, 
one on either side of the midline (Figs. 11- 
156; 11-157). Developing prenatally as lateral 
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Fig. 11-155. Lateral view of a dissection of the right cerebral hemisphere, exposing the superior and inferior 


longitudinal fasciculi and the right optic radiations. (Courtesy of Dr. Charles F. Bridgman, who drew it from a 
dissection made by the late Professor A. T. Rasmussen.) 
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of the brain, projected from within the cerebrum and visualized from the left lateral 
aspect. 
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FiG. 11-157. The ventricles of the brain, projected from within the cerebrum and visualized from above. 


dilatations from the primary cerebral vesicle 
in the prosencephalon, they are lined by a 
ciliated epithelial covering called the epen- 
dyma and they contain cerebrospinal fluid. 

In different individuals the lateral ventri- 
cles may vary considerably in size and, 
within the same person, the ventricular 
walls may be nearly in apposition in one re- 
gion and quite apart in another (Fig. 11-161). 
The two lateral ventricles are separated 
from each other by a thin median vertical 
partition, the septum pellucidum (Fig. 11- 
162), but each communicates with the third 
ventricle and thus indirectly with each other 
through the interventricular foramen (of 
Monro) (Figs. 11-156; 11-158; 11-160). Each 
lateral ventricle consists of a central part 
with three prolongations called the cornua 


or horns. These are the frontal (or anterior) 
horn, the occipital (or posterior) horn, and 
the temporal (or inferior) horn (Figs. 11-156 
to 11-159). 

CENTRAL PART. The central part of the lat- 
eral ventricle extends from the interventric- 
ular foramen to the splenium of the corpus 
callosum (Figs. 11-157 to 11-159). It is a 
curved cavity that lies principally in the pa- 
rietal lobe; it has a triangular shape in trans- 
verse section, with a roof, a floor, and a me- 
dial wall. The roof is formed by the 
undersurface of the corpus callosum. The 
floor is really an oblique inferolateral wall 
formed from medial to lateral by the follow- 
ing structures: the fornix, the choroid 
plexus, the lateral part of the dorsal surface 
of the thalamus, the thalamostriate vein, the 
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Fic. 11-158. Drawing of a cast of the ventricular 
cavities, viewed from the side. (Retzius.) 


stria terminalis, and the caudate nucleus. 
The medial wall is formed by the septum 
pellucidum, which separates it from the 
opposite lateral ventricle. 

FRONTAL (ANTERIOR) HORN. From the cen- 
tral part of the lateral ventricle, the frontal 
or anterior horn passes forward and laterally 
with a slight inclination downward beyond 
the interventricular foramen into the frontal 
lobe (Figs. 11-156 to 11-159). As it curves 
around the anterior end of the caudate nu- 






Third ventricle 







part off 
lateral * 
i) kiventricle . 
‘a. ANY 






Suprapineal 
recess 






weet, VENtTICIS ues 
.<") ent >. “wal 


Lateral 
recess fa 








Fic. 11-159. Drawing of a cast of the ventricular 
cavities, viewed from above. (Retzius.) 
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cleus, its rostral boundary is formed by the 
genu and rostrum of the corpus callosum. 
The frontal horn is bounded medially by the 
rostral part of the septum pellucidum, and 
its lateral wall, inferolateral angle and 
much of its floor are formed by the head of 
the caudate nucleus (Fig. 11-162). The re- 
maining medial portion of its floor consists 
of the curved rostrum of the corpus callo- 
sum, and its roof is formed by the rostral 
part of the trunk of the corpus callosum. In 
frontal section, the cavity of the frontal horn 
is triangular. 

OCCIPITAL (POSTERIOR) HORN. ‘The occipi- 
tal horn of the lateral ventricle is a some- 
what narrowed posterior extension of the 
central part (Figs. 11-156 to 11-159). Its direc- 
tion is initially backward and laterally and, 
as it continues backward, it then curves 
medially before coming to a point in the oc- 
cipital lobe (Fig. 11-162). Its roof is formed by 
the tapetum of the corpus callosum, which 
consists of fibers passing to the cortex of the 
temporal and occipital lobes. On the medial 
wall of the occipital horn is located a longi- 
tudinal eminence, the calcar avis, which is 
formed by the deep infolding of the cal- 
carine sulcus (Figs. 11-163; 11-164). The for- 
ceps occipitalis of the corpus callosum 
sweeps around to enter the occipital lobe 
and forms another projection located above 
the calcar avis called the bulb of the occipi- 
tal horn (Figs. 11-163; 11-164). 

TEMPORAL (INFERIOR) HORN. The temporal 
or inferior horn is the largest of the three 
cornua. It traverses the temporal lobe of the 
brain, forming a curve around the posterior 
end of the thalamus during its course (Figs. 
11-157 to 11-159). It passes initially posteri- 
orly, laterally, and downward, and then it 
curves forward to extend within 2.5 cm of 
the temporal pole. Its direction is fairly well 
indicated on the surface of the brain by the 
course of the superior temporal sulcus. Its 
roof is formed chiefly by the inferior surface 
of the tapetum of the corpus callosum, but 
the tail of the caudate nucleus and the stria 
terminalis also extend forward in the roof of 
the temporal horn to its rostral extremity. 
From lateral to medial along the media! wall 
and floor of the temporal horn are found the 
following structures: (1) the longitudinally 
oriented collateral eminence (Figs. 11-163; 
11-164), which is an elongated elevation 
caused by the collateral sulcus that is contin- 
uous posteriorly with the flattened collateral 
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Fig. 11-160. Adult head. a, Lateral ventricle injected with air; b, third ventricle, interventricular foramen midway 
between a and b; c, sphenoidal sinus; d, sella turcica; e, frontal sinus; f, maxillary sinus; g, condyle of mandible; h, 
hard palate. (Department of Radiology, University of Pennsylvania.) 





Fig. 11-161 Brain ventricles injected with air. Note extension of air into sulci. a, Lateral ventricle; b, third ventricle: 
c, frontal sinus; d, orbit; e, maxillary sinus. (Department of Radiology, University of Pennsylvania.) 
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Fic 11-162. Horizontal section of the cerebrum, viewed from above, that exposes the frontal (anterior) and occipital 
(posterior) horns of the right lateral ventricle and the occipital and temporal (inferior) horns of the left lateral ventricle. 
Note also the tela choroidea of the third ventricle and the choroid plexus of the left lateral ventricle. 
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Fic. 11-163. The occipital (posterior) and temporal (inferior) horns of the left lateral ventricle, exposed from the left 
side. 
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FiG. 11-164. The occipital (posterior) and temporal 
(inferior) horns of the left lateral ventricle, opened and 
viewed from above. 


trigone (Fig. 11-164); (2) the hippocampus, 
which is visible as a prominent, curved ele- 
vation that is narrow posteriorly but ex- 
pands anteriorly, where its surface is 
marked by radial grooves called hippocam- 
pal digitations (Fig. 11-164); (3) the fimbria of 
the hippocampus, which is located along the 
medial border of the hippocampus (Fig. 11- 
164) and is continuous with the hippocampal 
layer of white matter called the alveus. 
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Partly covering the upper surface of the 
hippocampus is the inferior or temporal ex- 
tension of the choroid plexus (Figs. 11-162; 
11-163). If the choroid plexus is removed, a 
cleft-like opening is left along the medial 
wall of the temporal horn. This is the infe- 
rior part of the choroid fissure. 

CHOROID PLEXUS OF THE LATERAL VENTRI- 
cle. The choroid plexus of the lateral ven- 
tricle, similar to that found in the fourth ven- 
tricle, is a highly vascular, fringe-like proc- 
ess of pia mater covered by an epithelial 
layer of ependymal cells (Fig. 11-165). Pro- 
jecting into the cavity of the lateral ventricle, 
it extends posteriorly from the interventric- 
ular foramen through the central part of the 
lateral ventricle, where it lies upon the 
upper surface of the thalamus (Fig. 11-162). 
At the interventricular foramen, it is contin- 
uous with the choroid plexus of the opposite 
ventricle (Fig. 11-165), and from the central 
part of the lateral ventricle it courses down- 
ward within the ventricular cavity into the 
temporal (inferior) horn (Figs. 11-162; 11-163). 
it does not extend into the frontal (anterior) 
or occipital (posterior) horns. 

The portion of choroid plexus in the cen- 
tral part of the lateral ventricle forms the 
vascular fringed margin of a triangular proc- 
ess of pia mater called the tela choroidea of 
the third ventricle. The choroid plexus pro- 
jects into the lateral wall of the lateral ventri- 
cle from under the lateral edge of the fornix 
through a cleft called the choroid fissure. 
The portion of choroid plexus in the tempo- 
ral (inferior) horn lies in the concavity of the 
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Fig. 11-165. Diagram of a coronal section through the central part of the lateral ventricle and the third ventricle. The 
pia mater and the tela choroidea (fused double layer of pia mater) are shown in red and the epithelial ependymal lining 


is shown in green. 
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Fic. 11-166. Diagram of a coronal section through the temporal (inferior) horn of the lateral ventricle. The pia mater 
is shown in red and the epithelial ependymal lining is shown in green. 


hippocampus and overlaps the fimbria hip- 
pocampi (Fig. 11-163). From the lateral edge 
of the fimbria the epithelium of the choroid 
plexus is reflected onto the roof of the tem- 
poral horn (Fig. 11-166). 

The choroid plexus consists of minute vil- 
lous processes or tufts of blood vessels 
brought into the tela choroidea by the pia 
mater. The tufts are covered everywhere by 
a layer of epithelial cells derived from the 
ependyma. The arteries of the choroid 
plexus in the lateral ventricle are (a) the an- 
terior choroidal artery, a branch from the 
cavernous portion of the internal carotid ar- 
tery that enters the choroid plexus at the end 
of the temporal (inferior) horn, and (b) sev- 
eral posterior choroidal arteries, which are 
branches of the posterior cerebral arteries 
and pass forward under the splenium of the 
corpus callosum. The choroidal veins drain- 
ing the choroid plexus unite to form a tor- 
tuous vein that flows rostrally to the inter- 
ventricular foramen. Here they join the 
thalamostriate vein to form the internal cer- 
ebral vein. 

The choroid fissure is the cleft-like space 
that is produced when the choroid plexus is 
pulled away and the continuity between the 
ependyma of the choroid plexus and the epi- 
thelium lining the ventricle (i.e., the line of 
invagination of the choroid plexus) is sev- 
ered. Like the choroid plexus, the choroid 
fissure extends from the interventricular fo- 
ramen to the tip of the temporal (inferior) 
horn (Fig. 11-166). The upper part of the fis- 


sure nearest the interventricular foramen is 
situated between the lateral edge of the 
fornix and the upper surface of the thalamus 
(Fig. 11-165). More posteriorly, near the com- 
mencement of the temporal (inferior) horn, 
the choroid fissure lies between the fimbria 
hippocampi and the caudal end of the thala- 
mus. In the remainder of the temporal (infe- 
rior) horn, the fissure is located between the 
fimbria in the ventricular floor and the stria 
terminalis in the roof (Fig. 11-166). 

The tela choroidea of the third ventricle is 
a fused double fold of pia mater, triangular 
in shape, that lies beneath the fornix (Fig. 11- 
162). The lateral portions of its lower surface 
rest upon the thalami, while its medial por- 
tion is in contact with the ependymal roof of 
the third ventricle (Fig. 11-165). The apex of 
this triangular fold is situated at the inter- 
ventricular foramen, while its base is located 
posteriorly at the level of the splenium of the 
corpus callosum and occupies the interval 
between the corpus callosum above and the 
colliculi of the mesencephalic tectum and 
pineal body below. Its lateral margins are 
modified to form the highly vascular choroid 
plexuses of the lateral ventricles (Figs. 11- 
162; 11-165). After removal of the tela cho- 
roidea, an interval sometimes called the 
transverse fissure of the brain, is opened 
between the splenium above and the mesen- 
cephalic tectum below. 

From the inferior surface of the tela cho- 
roidea, a pair of vascular fringed processes, 
the choroid plexuses of the third ventricle, 


1110 | i 


project downward, one on either side of the 
midline (Fig. 11-165). These invaginate the 
ependymal roof of the third ventricle to 
achieve the cavity of that ventricle. 


Blood Supply of the Prosencephalon 


The prosencephalon receives tts arterial 
blood supply from the internal carotid ar- 
teries as they enter the cranial cavity and 
from the posterior cerebral arteries, formed 
by the bifurcation of the basilar artery 
on the ventral aspect of the brain stem 
at the pontine-mesencephalic junction (Fig. 
11-167). Thus, the neuraxis rostral to the 
midbrain is served by branches of vessels 
that participate in the formation of the circu- 
lus arteriosus cerebri or the cerebral arterial 
circle of Willis.! The vessels that supply the 


'Thomas Willis (1621-1675): An English physician, neu- 
rologist, and anatomist (London). 
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diencephalon and the telencephalon are de- 
rived from the posterior cerebral branches 
of the basilar artery, the posterior communi- 
cating, anterior choroidal, middle cerebral, 
and anterior cerebral branches of the inter- 
nal carotid artery. as well as a few penetrat- 
ing vessels that branch directly from the in- 
ternal carotid to supply the infundibular 
region of the hypothalamus. 


Posterior Cerebral Artery 


Although the posterior cerebral arteries in 
the adult brain commence as the terminal 
branches of the basilar artery, it should be 
stressed that as a supratentorial vessel, this 
artery develops as a branch of the internal 
carotid artery. In about 20% of patients stud- 
ied by cerebral angiograms, the posterior 
cerebral artery originates as a branch of the 
internal carotid artery, thereby reflecting its 
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The arterial cerebral circle (of Willis), formed by the posterior. middle, and anterior cerebral arteries and 


the posterior and anterior communicating arteries. Note the centrally penetrating vessels from the posterior 
communicating artery, the anterior choroidal artery, the anterolateral central arteries (lenticulostriate), and the long 
central artery (recurrent artery of Heubner). (From L. A. Gillilan in Correlative Anatomy of the Nervous System, edited 
by Ik. C. Crosby, T. Humphrey and E. C. Lauer, Macmillan Publishing Co.. New York, 1962.) 
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developmental origin (Fig. 11-168). It makes 
its appearance rather late in development, 
coincident with the period of posterior ex- 
pansion of the forebrain. As prenatal brain 
growth continues, the posterior communi- 
cating arteries regress in size, and the stem 
and terminal branches of the posterior cere- 
bral arteries gradually shift caudally and 
become dependent on the vertebrobasilar 
system. 

In the adult the posterior cerebral artery 
supplies the upper pons and midbrain, the 
posterior hypothalamus, posterior thalamus, 
much of the inferomedial aspect of the tem- 
poral lobe, and most of the occipital lobe. 
Perhaps more than any other vessel, it sup- 
plies those regions of the brain that are re- 
sponsible for visual motor behavior and vis- 
ual perception. It has been pointed out 
(Hoyt, Newton and Margolis, 1974) that the 
posterior cerebral artery serves the compre- 
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hensive functions of seeing and looking by 
supplying: (1) the mesencephalic and pontine 
regions concerned with pupillary reflexes, 
convergence, vertical and horizontal eye 
movements, vestibulo-ocular reflexes, and 
various corneal, palpebral, and facial re- 
flexes; (2) the lateral geniculate body and 
pulvinar, which transmit and modulate reti- 
nal impulses; (3) the splenium of the corpus 
callosum, which is the portion of the large 
interhemispheric commissure that transfers 
visual information across the cerebral hemi- 
spheres; (4) the inferior part of the temporal 
lobe that is concerned with the storage and 
retrieval of visual data (memory); (5) cortical 
area 17, the visual or striate cortex, which 
receives and processes visual input; and (6) 
parts of cortical areas 18 and 19, the peri- 
striate cortex, which elaborate on the visual 
input and, in turn, transmit information to 
other cortical areas and additionally act on 
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Fic. 11-168. Diagrammatie representations of the basic neural tube brain regions (above) and the superimposed four 
large branches of the internal earotid artery (below). Note that during early development the posterior cerebral artery 
depends on the internal earotid eirculation, but later it shifts to the vertebrobasilar eireulation (latter not shown.) 
Observe that the ventromedial and ventrolateral perforating vessels from the large branches of the internal carotid 
artery supply the basal cell mass, while dorsally directed vessels supply the cerebral cortex, (From FI. A. Kaplan, in 
Handbook of Clinical Neurology, Vol. 11, edited by J. P. Vinkin and G. W. Bruyn, American Elsevier, New York, 1972.) 
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the mesencephalic oculomotor systems. The 
initial or circular segment of the posterior 
cerebral artery consists of a precommunical 
part and a postcommunical part, while the 
cortical segment is called the terminal part. 

PRECOMMUNICAL PART. The precommuni- 
cal part of the circular segment of the poste- 
rior cerebral artery is usually less than 
1.0 cm long; it extends from its origin at the 
basilar bifurcation laterally to the point of 
junction of the posterior communicating ar- 
tery (Fig. 11-167). From this part the central 
posteromedial arteries are derived. These 
include: (a) three to six interpeduncular 
branches, which penetrate the floor of the 
interpeduncular fossa through the posterior 
perforated substance to supply the upper 
midbrain (substantia nigra, red nucleus, ocu- 
lomotor nucleus, and oculomotor and troch- 
lear nerves) and the caudal hypothalamus; 
and (b) the quadrigeminal branches, which 
course around the brain stem to supply the 
region of the superior colliculus and extend 
rostrally to help supply the medial genicu- 
late nucleus. 

Posterior thalamoperforating and medial 
posterior choroidal arteries usually arise 
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from the precommunical part of the poste- 
rior cerebral artery, but may arise more lat- 
erally from the postcommunical part. The 
posterior thalamoperforating arteries pene- 
trate the posterior perforated substance to 
supply the posterior part of the thalamus. 
After branching from the posterior cerebral 
artery, the medial posterior choroidal artery 
parallels the course of the posterior cerebral 
artery around the brain stem and sends 
branches to the quadrigeminal plate and the 
pineal gland. It then courses rostrally along 
the roof of the third ventricle, where it helps 
to supply the choroid plexuses of the lateral 
and third ventricles and the tela choroidea. 

POSTCOMMUNICAL PART. The _ postcom- 
munical part of the circular segment of the 
posterior cerebral artery commences at the 
junction of the posterior communicating ar- 
tery and courses posteriorly around the 
brain stem to reach the tentorial surface of 
the cerebrum, where it becomes the terminal 
part after dividing into cortical branches 
(Figs. 11-167; 11-169). As mentioned previ- 
ously, at times thalamoperforating branches 
and the medial posterior choroidal artery 
arise from the postcommunical part. 


X 


SC 


Ot 
YY 


YY 


oc | 






pica 


( 


Os 


Anterior projection 


FiG. 11-169. Vertebral arteriogram showing both posterior and anterior projections of the posterior cerebral artery 
(pca), as well as other vessels derived from the vertebral artery that supply the brain stem, cerebellum, and spinal cord. 
As, Anterior spinal artery; b, basilar artery; lc, lateral posterior choroidal artery; mc, medial posterior choroidal artery: 
pc, posterior communicating artery; pca, posterior cerebral artery; pica, posterior inferior cerebellar artery: pm, 
posterior meningeal artery; pp, posterior pericallosal artery; sc, superior cerebellar artery; tpa, thalamoperforating 
arteries; v, vertebral artery. (From M. M. Schechter, in Neurological Surgery, Vol. 1, edited by J. R. Youmans, W. B. 


Saunders, Philadelphia, 1982.) 
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Peduncular and lateral posterior choroi- 
dal arteries nearly always arise from the 
postcommunical part of the posterior cere- 
bral artery (Fig. 11-169). Just beyond the 
junction of the posterior communicating ar- 
tery near the lateral aspect of the base of the 
cerebral peduncles, the peduncular arteries 
branch from the posterior cerebral artery. 
These course dorsally and somewhat later- 
ally to help supply the parahippocampal 
gyrus and the inferomedial cortex of the 
temporal lobe. Other branches arise that 
supply the lateral geniculate body, the pul- 
vinar, the dentate gyrus, and the hippocam- 
pus (Krayenbuhl and Yasargil, 1968). One or 
two lateral posterior choroidal arteries arise 
from the ventrolateral aspect of the posterior 
cerebral trunk, become directed around the 
brain stem, enter the choroid fissure, and 
with branches of the anterior choroidal ar- 
tery, help supply the choroid plexus in the 
inferior horn of the lateral ventricle. The lat- 
eral posterior choroidal arteries also send 
prominent branches to the thalamus. 

TERMINAL PART. ‘The terminal part or cor- 
tical segment of the posterior cerebral artery 
commences on the dorsolateral aspect of the 
brain stem, dorsal to the edge of the tento- 
rium and caudal to the lateral geniculate 
bodies. At this point, the posterior cerebral 
artery usually divides into several cortical 
branches. In some descriptions, these vessels 
are called the anterior temporal, posterior 
temporal, parieto-occipital and occipital (or 
calcarine) arteries (see Chapter 8). The ter- 
minology adopted by the Nomina Ana- 
tomica (1977) subdivides the terminal part of 
the posterior cerebral artery into lateral and 
medial occipital arteries. According to this 
classification, the smaller lateral occipital 
artery divides into anterior, intermediate, 
and posterior temporal branches, which 
supply the inferomedial and inferolateral 
aspects of the temporal and occipital lobes, 
including the uncus, parahippocampal 
gyrus, and the more rostral parts of the me- 
dial and lateral occipitotemporal gyri, as 
well as the inferior temporal gyrus (Fig. 
11-170). The larger medial occipital artery 
divides into a dorsal callosal branch and pa- 
rietal, parieto-occipital, calcarine, and occip- 
itotemporal branches (Fig. 11-173). The dor- 
sal callosal and parieto-occipital branches 
supply the isthmus of the cingulate gyrus, 
the splenium of the corpus callosum, and the 
cortex of the cuneus and lingual gyrus. The 
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(1) Posterior cerebral artery 

(2) Superior cerebellar artery 

(3) Basilar artery and superior cerebellar artery 
(4) Posterior inferior cerebellar artery 


(5) Vertebral artery (posterior inferior cerebellar artery, anterior 
spinal artery) 


Fic. 11-170. The medial surface of the posterior part of 
the cerebral hemisphere, indicating the regions supplied 
by different vessels from the vertebrobasilar arterial 
system. Note that the posterior cerebral artery, which 
includes its posterior choroidal branches (vertically 
hatched zone 1), supplies the posterior part of the 
diencephalon and telencephalon. (From H. Krayenbithl 
and M. G. Yasargil, in Handbook of Clinical Neurology, 
Vol. 11, edited by J. P. Vinken and G. W. Bruyn, 
American Elsevier, New York, 1972.) 


parietal, parieto-occipital, and calcarine 
branches supply the medial surface of the 
occipital lobes from the lingual gyrus 
through the cuneus to the parieto-occipital 
sulcus, including the occipital pole (Fig. 
e179). 


Posterior Communicating Artery 


The posterior communicating artery is 
approximately 1.5 cm long. It interconnects 
the posterior cerebral and internal carotid 
arteries and thereby participates in the for- 
mation of the circulus arteriosus cerebri 
(Fig. 11-167). It is generally smaller in diame- 
ter than the posterior cerebral artery, but it 
varies in size in different individuals and, 
rarely, it may be absent or doubled. More 
often than not, the two posterior communi- 
cating arteries in the same individual are 
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about equal in caliber. The posterior com- 
municating artery provides an anastomosis 
between the internal carotid and vertebro- 
basilar circulations and also an arterial link 
between the two cerebral hemispheres. 

The posterior communicating artery usu- 
ally supplies an oculomotor nerve ramus in 
its course dorsal and medial to that nerve. 
Near its internal carotid junction it also 
sends several rami to the optic chiasma, 
while more caudally small hypothalamic 
branches course to the neural tissue that 
forms the wall of the third ventricle, and 
thalamic branches supply the medial tha- 
lamic region. Frequently, another ramus, the 
branch to the tail of the caudate nucleus, 
supplies that structure as well as the poste- 
rior limb of the internal capsule. 


Anterior Choroidal Artery 


The anterior choroidal artery is a small 
(0.6 to 10mm in diameter) but important 
branch of the internal carotid artery; it arises 
usually 2 to 4 mm distal to the posterior com- 
municating-internal carotid junction (Fig. 
11-167). Absence of this vessel is rare. From 
its origin lateral to the optic chiasma, the 
anterior choroidal artery courses posteriorly 
and assumes a position along the medial bor- 
der of the optic tract, which it follows as far 
as the rostral margin of the lateral geniculate 
body. The artery then passes laterally to- 
ward the medial surface of the temporal 
lobe, and coursing around the uncus, enters 
the tip of the temporal (inferior) horn of the 
lateral ventricle through the choroidal fissure. 

The number and size of the branches of 
the anterior choroidal artery vary considera- 
bly, and thus, its region of distribution also 
varies somewhat. Branches to the following 
structures and regions, however, are fre- 
quently observed and have been described 
(Goldberg, 1974): (1) perforating branches to 
the caudal two-thirds of the optic tract, 
which continue through the anterior perfo- 
rated substance to terminate in the lateral 
and medial segments of the globus pallidus 
and the genu of the internal capsule; (2) lat- 
erally directed branches to the piriform cor- 
tex and uncus of the temporal lobe with 
perforating branches to the underlying 
amygdaloid body, the anterior part of the 
hippocampal formation, and the tail of the 
caudate nucleus; (3) medially directed 
branches to the cerebral peduncle, some of 
which course more deeply to the substantia 
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nigra and red nucleus in the rostral mid- 
brain and subthalamus and to nuclei in the 
ventral part of the thalamus; (4) distal 
branches that arise at the level of the /ateral 
geniculate body, helping to supply it as well 
as the posterior limb and the retrolenticular 
regions of the internal capsule; these 
branches anastomose with rami from the lat- 
eral posterior choroidal branch of the poste- 
rior cerebral artery: and (5) branches to the 
choroid plexus in the temporal (inferior) 
horn of the lateral ventricle, which also 
anastomose with vessels from the lateral 
posterior choroidal artery. 


Middle Cerebral Artery 


The middle cerebral artery commences 
with the division of the internal carotid ar- 
tery into its anterior cerebral and middle 





Fic. 11-171. Photograph of the ventral surface of the 
right cerebral hemisphere in which the tip of the tempo- 
ral lobe has been resected. Note the sphenoid or horizon- 
tal part of the middle cerebral artery (open arrows) 
coursing laterally from its origin at the internal carotid 
artery to the site at which it enters the lateral sulcus 
(double solid black arrow). The lateral frontobasal 
(orbitofrontal) branch (solid black arrow), coursing to 
the inferior surface of the frontal lobe, and the anterior 
temporal branch (solid white arrows) looping laterally 
and backward to the temporal lobe arise from the middle 
cerebral just proximal to its entrance into the lateral sul- 
cus. (From B. A. Ring. in Radiology of the Skull and 
Brain: Angiography, edited by T. H. Newton and D. G. 
Potts, Vol. 2, Book 2, C. V. Mosby Co., St. Louis, 1974.) 
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cerebral branches (Figs. 11-167; 11-171). Al- 
though the middle cerebral artery is consid- 
ered the largest branch of the internal ca- 
rotid artery, for all practical purposes it 
appears as the lateral continuation of the in- 
ternal carotid along the base of the brain 
above the lesser wing of the sphenoid bone. 
This initial horizontal segment is called the 
sphenoid part of the middle cerebral artery 
and it averages 1.5 cm in length. Its course 
laterally crosses the inferior surface of the 
anterior perforated substance and_ this 
places it almost immediately between the 
temporal lobe and the apex of the insula 
(Fig. 11-171). As it enters the lateral cerebral 
sulcus at the limen insulae, the insular part 
of the middle cerebral artery turns dorsally 
and caudally and quickly divides into two 
(90% of cases) or three (10% of cases) 
branches. Continuing upward and backward 
within the depth of the lateral cerebral sul- 
cus, the cortical or terminal part of the mid- 
dle cerebral artery gives rise to many 
branches that emerge from the lateral cere- 
bral sulcus and course anteriorly, superiorly, 


Branches of anterior cerebral artery 
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and posteriorly to supply the lateral surface 
of most of the frontal lobe, nearly all of the 
parietal lobe, and most of the temporal lobe 
feieyd1-172). 

SPHENOID PART. The sphenoid part of the 
middle cerebral artery gives rise only to an- 
terolateral central arteries and generally 
does not supply any part of the cerebral cor- 
tex. Occasionally, however, it does give rise 
to the medial frontobasal artery (medial 
orbitofrontal artery), but usually this vessel 
arises from the anterior cerebral artery (Fig. 
11-173). The anterolateral central arteries are 
also known as the anterolateral thalamo- 
striate arteries or the lenticulostriate ar- 
teries and consist of 10 to 15 delicate vessels 
that are divided into medial and lateral 
groups (Fig. 11-167). 

The medial striate arteries arise from the 
proximal part of the middle cerebral artery, 
perforate the medial part of the anterior per- 
forated substance, and supply both segments 
of the globus pallidus, the caudate nucleus, 
the internal capsule, and perhaps, even the 
lateral aspect of the thalamus. The lateral 
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Fic. 11-172. Arteries on the superolateral aspect of the cerebral cortex (lateral view). Cortical branches of the middle 
cerebral artery are shown in red; anterior cerebral artery, in yellow; posterior cerebral artery, in green. 
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Fig. 11-173. Arteries on the medial surface of the cerebral hemisphere. Branches of the middle cerebral artery are 
shown in red; anterior cerebral artery, in yellow; posterior cerebral artery, in green. 


striate arteries arise from the middle cere- 
bral artery just distal to the origins of the 
medial striate vessels. They penetrate the 
lateral part of the anterior perforated sub- 
stance to supply the putamen, the internal 
capsule, and the caudate nucleus. 

INSULAR PART. From the insular part of 
the middle cerebral artery arise insular, lat- 
eral frontobasal (lateral orbitofrontal), and 
anterior, intermediate, and posterior tempo- 
ral arteries. Penetrating branches of the in- 
sular arteries (also called operculofrontal 
arteries) supply the limen insulae, the gyri 
brevi, and the gyrus longus, which form the 
insular lobe. These also penetrate more 
deeply to supply the extreme and external 
capsules and the claustrum. As the sphenoid 
part of the middle cerebral artery ap- 
proaches the limen insulae, it already has 
bifurcated or trifurcated. These two or three 
branches give rise to a group of five to eight 
vessels that ascends in the lateral cerebral 
sulcus and then courses laterally over the 
surface of the insula as insular arteries. Be- 
cause these vessels branch symmetrically in 
a fan-like manner and are visible as such in 
an angiogram, the term candelabrum is fre- 
quently used to identify them as a group. 


After supplying the insula, these arteries fol- 
low the curvatures of the opercula to emerge 
from the lateral cerebral sulcus and continue 
their ascent over the lateral surface of the 
frontal and parietal lobes. 

The lateral frontobasal artery (lateral 
orbitofrontal artery) arises from the middle 
cerebral artery just beyond the origins of the 
lateral striate arteries (Figs. 11-171; 11-172; 
11-174). It almost immediately emerges from 
the lateral cerebral sulcus and courses ante- 
riorly to supply the inferolateral and lateral 
orbital surfaces of the frontal lobe. 

The anterior, intermediate. and posterior 
temporal arteries also emerge from the lat- 
eral cerebral sulcus and then course posteri- 
orly and inferiorly to supply the lateral sur- 
face of the temporal lobe (Figs. 11-172: 
11-174). Of these latter vessels, the anterior 
temporal artery arises from the middle cere- 
bral artery most proximally and at about the 
same level as the lateral frontobasal artery. 
Near its origin, it emerges immediately from 
the lateral cerebral sulcus, loops over the 
posterior bank of that sulcus, courses inferi- 
orly over the temporal lobe, and becomes 
distributed to the anterior third of the supe- 
rior, middle, and inferior temporal gyri. 
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Most of the time a branch of the anterior 
temporal artery called the temporal polar 
artery passes forward to supply the tip of the 
temporal lobe (Figs. 11-172; 11-174). 

The intermediate temporal artery arises 
from the middle cerebral artery at about the 
level of the pars opercularis of the inferior 
frontal gyrus. It is frequently quite small, 
and it quickly leaves the lateral cerebral sul- 
cus and curves backward over the margin of 
the superior temporal gyrus to supply the 
superior and middle temporal gyri behind 
the cortical field served by the anterior tem- 
poral artery (Fig. 11-174). 

The postertor temporal artery arises from 
the posterior trunk of the middle cerebral 
artery if a bifurcated or trifurcated middle 
cerebral pattern exists (Michotey, Moscow 
and Salamon, 1974). It emerges from the lat- 
eral cerebral sulcus at a point just below the 
postcentral gyrus and courses in an oblique 
posteroinferior direction over the temporal 
lobe. The posterior temporal artery supplies 
the middle and posterior parts of the supe- 
rior temporal gyrus and the more posterior 
portions of the middle and inferior temporal 
gyri (Fig. 11-174). 

TERMINAL PART. The terminal part of the 
middle cerebral artery gives rise to a group 
of ascending vessels that emerge from the 
lateral cerebral sulcus and course over its 
anterosuperior bank to supply the superior 
and lateral surfaces of the frontal and parie- 
tal lobes. These vessels include the pre- 
frontal, precentral, central, anterior and pos- 
terior parietal, and angular arteries (Fig. 
11-172). 

The prefrontal artery leaves the lateral 
cerebral sulcus adjacent to the pars orbitalis 
of the inferior frontal gyrus and courses 
anterosuperiorly over the rostral part of the 
inferior, middle, and superior frontal gyri 
(Figs. 11-172). It supplies the anterolateral 
aspect of the frontal lobe in front of the pre- 
central sulcus (Fig. 11-175), partly overlap- 
ping the fields of the lateral frontobasal ar- 
tery below and that of the precentral artery 
behind. The precentral artery arises from the 
anterior trunk if the middle cerebral artery 
is bifurcated. It crosses the insula and then 
curves backward to emerge from the lateral 
cerebral sulcus at the level of the pars or- 
bitalis of the inferior frontal gyrus, in close 
proximity to the prefrontal artery (Fig. 11- 
172). Its main trunk usually ascends on the 
lateral surface of the cerebral cortex within 
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A. Lateral frontobasal 
artery 


B. Posterior temporal! 
artery 


C. Intermediate 
temporal artery 









D. Anterior temporal 
artery {including the 
temporal polar artery) 


Fic. 11-174. Cortical fields of distribution of the lateral 
frontobasal (A), posterior temporal (B), intermediate 
temporal (C), an anterior temporal with temporal polar 
(D) branches of the middle cerebral artery. (Modified 
from Michotey, Moscow, and Salamon, 1974.) 


the precentral sulcus and branches course 
forward to supply the posterior parts of the 
superior, middle, and inferior frontal gyri 
and backward to supply the precentral gyrus 
(Fig. 11-175). It partially overlaps the field of 
the prefrontal artery anteriorly and that of 
the central artery posteriorly. 
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D. Anterior and posterior 
parietal arteries 





Fig. 11-175. Cortical fields of distribution of the pre- 
frontal (A), precentral (B), central] (C), and anterior and 
posterior parietal (D) branches of the middle cerebral 
artery. (Modified from Michotey, Moscow, and Sala- 
mon, 1974.) 


The central artery arises from the anterior 
trunk of a bifurcated middle cerebral artery 
or the middle trunk of a trifurcated vessel. If 
the middle cerebral artery remains a single 
vessel, the central] artery may arise from a 
common branch with the anterior parictal 
artery (Michotey, Moscow and Salamon, 
1974). The central artery emerges from the 
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lateral cerebral sulcus just below the central 
sulcus (Fig. 11-172). It ascends on the lateral] 
surface of the cerebral corlex within the 
central sulcus, and it sends branches to both 
the anterior and posterior banks of the cen- 
tral sulcus to supply the upper part of the 
precentral gyrus and the lower two-thirds of 
the postcentral gyrus (Fig. 11-175). Posteri- 
orly it overlaps part of the field supplied by 
the posteentral and anterior parietal arteries, 
and anteriorly it supplies the region of the 
precentral gyrus not reached by the precen- 
tral artery. The postecentral artery courses 
along the postcentral sulcus. 

The anterior and posterior parietal ar- 
teries arise near the summit of the lateral] 
cerebral sulcus and aseend over the inferior 
and superior parietal lobules on the lateral 
surface of lhe parietal lobe, branching as far 
backward as the paricto-occipital sulcus 
(Fig. 11-172). The anterior parietal artery 
partially supplies the postcentral gyrus and 
the anterior parts of the inferior and supe- 
rior parietal Jobules. The posterior parietal 
artery supplies the supramarginal gyrus and 
the posterior parts of the two parietal lob- 
ules. Its field does not generally extend into 
the occipital Jobe (Fig. 11-175). 

The angular and temporo-occipital ar- 
teries emerge from the lateral cerebral sul- 
cus opposite the supramarginal gyrus (Fig. 
11-172). The angular artery is often the larg- 
est of the branches of the middle cerebral 
artery, and if courses posteriorly to supply 
the supramarginal and angular gyri and the 
lateral surface of the oecipital lobe below 
the parieto-oecipital sulcus and above the 
occipital pole. It also helps to supply the 
posterior part of the superior temporal gyrus 
(Fig. 11-176). The temporo-occipital artery 
courses posteroinferiorly from the lateral 





Fig. 11-176} §$The cortical field of distribulion of the 
angular branch of the middle cerebral artery. (Modified 
from Michotey, Moscow, and Salamon. 1974.) 
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Temporo-occipital 
artery 


Fig. 11-177. The cortical field of distribution of the 
temporo-occipital branch of the middle cerebral artery. 
(Modified from Michotey, Moscow, and Salamon, 1974.) 


cerebral sulcus, and it may arise as an indi- 
vidual vessel from the middle cerebral ar- 
tery or from a common stem with the angu- 
lar artery (Fig. 11-172). It supplies the 
posterior portions of the temporal gyri and 
the inferolateral surface of the occipital 
lobe, but it does not extend as far as the oc- 
cipital pole (Fig. 11-177). The angular and 
temporo-occipital arteries supply the lateral 
cerebral surfaces of areas 18 and 19, but not 
the striate cortex of area 17. The latter area is 
served by the posterior cerebral artery. 


Anterior Cerebral Artery 


When the internal carotid arteries enter 
the cranial cavity on each side at the base of 
the brain, they are located on the medial 
aspect of the lateral cerebral sulcus. Each 
internal carotid artery terminates by bifur- 
cating into the anterior and middle cerebral 
arteries, of which the smaller is the anterior 
cerebral artery (Fig. 11-167). From its origin, 
the anterior cerebral artery courses medially 
and slightly anteriorly across the base of the 
brain, dorsal to the optic nerve and just in 
front of the optic chiasma (Fig. 11-178). Upon 
reaching the longitudinal cerebral fissure 
that separates the cerebral hemispheres, the 
two anterior cerebral arteries are joined 
across the midline by the anterior communi- 
cating artery (Fig. 11-178). Beyond the ante- 
rior communicating artery, the two anterior 
cerebral arteries ascend side by side in the 
longitudinal cerebral fissure, just in front of 
the lamina terminalis. Each vessel then 
passes along the medial surface of its respec- 
tive hemisphere by curving upward and 
backward around the genu of the corpus cal- 
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losum (Figs. 11-173; 11-179). The principal 
trunk of the anterior cerebral artery contin- 
ues backward along the upper surface of the 
corpus callosum, extending nearly to the 
splenium. During its course, several vessels 
branch from the principal stem to ramify 
along the medial surface of the cerebrum 
and thereby help to supply the frontal and 
parietal lobes (Fig. 11-173). The portion of 
the anterior cerebral artery that extends 
from the internal carotid bifurcation to the 
anterior communicating artery (about 1.5 cm 
in length) is called the precommunical part 
(proximal segment or horizontal part), while 
beyond the anterior communicating artery, 
the main trunk of the anterior cerebral ar- 
tery is referred to as the postcommunical 
part (or pericallosal part). 

PRECOMMUNICAL PaRT. The precommuni- 
cal part of the anterior cerebral artery sup- 
plies a number of central arteries that pene- 
trate the base of the brain along the 
horizontal course of the vessel from the in- 





Fig. 11-178. Photograph of the base of the brain, show- 
ing the precommunical part of the anterior cerebrat ar- 
tery and the anterior communicating artery (arrow). 
(From J. P. Lin and I. I. Kricheff, in Radiology of the Skull 
and Brain: Angiography, Vol. 2, Book 2, edited by T. H. 
Newton and D. G. Potts, C. V. Mosby, St. Louis, 1974.) 
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ternal carotid bifurcation to the anterior 
communicating artery. These include the 
anteromedial central arteries (anteromedial 
thalamostriate arteries) that come directly 
from the anterior cerebral and the central 
anteromedial rami of the anterior communi- 
cating artery. 

The anteromedial central arteries are usu- 
ally divided into short central arteries, of 
which there are both medial and lateral 
perforators, and the long central artery (also 
called the recurrent artery of Heubner’). The 
short medial and lateral central arteries 
arise from both the dorsal and ventral as- 
pects of the precommunical part. Those aris- 
ing ventrally supply the superior surface of 
the optic nerve and optic chiasma. From the 
dorsal aspect of the precommunical part of 
the anterior cerebral artery arise 8 to 12 
more laterally located short perforating cen- 
tral arteries and anywhere from 4 to 10 more 
medially located perforators. All of these 
vessels penetrate the ventral aspect of the 
basal forebrain, with some entering the ante- 
rior perforated substance and others, the ol- 
factory trigone and olfactory striae to 
achieve deeper forebrain structures. They 
supply the preoptic region and the anterior 
hypothalamus caudally to the infundibulum, 
the genu of the corpus callosum, the septal 
region and anterior commissure, the fornix 
and the anteroinferior aspect of the striatum. 
The long central artery (recurrent artery of 
Heubner) originates medially near the ante- 
rior communicating artery and it then 
courses laterally for about 2 or 3 cm before 
ascending and entering the anterior perfo- 
rated substance, just medial to the short cen- 
tral arteries (Fig. 11-167). It may send a 
branch anteriorly to supply part of the me- 
dial aspect of the orbital surface of the fron- 
tal lobe and olfactory bulb. Its principal re- 
gion of supply is the anterior limb of the 
internal capsule, the anterior and medial 
aspects of the head of the caudate nucleus, 
and the anterior parts of the putamen and 
globus pallidus. 

ANTERIOR COMMUNICATING ARTERY. The 
anterior communicating artery is a short ves- 
sel (0.1 to 3.0 mm long) that interconnects the 
two anterior cerebral arteries across the lon- 
gitudinal cerebral fissure and forms the 
rostral part of the cerebral arterial circle of 


‘Johann Otto L. Heubner (1843-1926): A German pedia- 
trician (Leipzig, Bertin, and Dresden). 


Willis (Figs. 11-167; 11-178). This artery has 
a variable pattern, and it may be doubled, 
Y-shaped, reticulated, very short and thick, or 
quite slender and long. Several small perfo- 
rating central anteromedial rami arise from 
the anterior communicating artery and sup- 
ply the optic chiasma, the preoptic region, 
and the hypothalamus in the region of the 
infundibulum. In about 10% of specimens, a 
vessel called the anterior middle cerebral 
artery (median artery of the corpus callo- 
sum) arises from the anterior communicat- 
ing artery and ascends over the corpus callo- 
sum in the midline to supply—in addition to 
the rostrum, genu, and anterior part of the 
trunk of the corpus callosum—the septal 
nuclei, the septum pellucidum, and the 
fornix. In certain cases when the anterior 
cerebral artery is absent or hypoplastic, the 
anterior middle cerebral artery has large 
branches that supply cortical areas normally 
served by the anterior cerebral artery. 

POSTCOMMUNICAL paRT. The postcom- 
munical part of the anterior cerebral artery 
(also called the pericallosal segment or ar- 
tery) is the portion of the anterior cerebral 
artery distal to the anterior communicating 
artery. Ascending around the genu of the 
corpus callosum, it continues posteriorly 
above the corpus callosum to supply the 
medial surface of the cerebral hemisphere 
(Figs. 11-173; 11-179). Its branches include 
the medial frontobasal artery, the fronto- 
polar artery, the callosomarginal artery, and 
the paracentral, precuneal, and_parieto- 
occipital artery. 

The medial frontobasal artery (also called 
the medial orbitofrontal artery) arises sev- 
eral millimeters distal to the anterior com- 
municating artery as the first important 
branch of the postcommunical part of the 
anterior cerebral artery. It courses anteriorly 
along either the inferior part of the medial 
surface of the frontal lobe or the medial as- 
pect of the orbital surface and it supplies the 
gyrus rectus and the region of the olfactory 
tract as far as the olfactory bulb (Figs. 11-173; 
11-179). The frontopolar artery arises from 
the main stem of the anterior cerebral artery 
at about the level of the genu of the corpus 
callosum. At times a single branch arises 
from the anterior cerebral artery, which then 
divides into the medial frontobasal artery 
and the frontopolar artery. From its origin 
the frontopolar artery (sometimes doubled) 
courses anteriorly in a gradual curve along 
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Fic. 11-179. The anterior cerebral artery and its branches along the medial surface of the cerebral hemisphere. The 
numbered branches are (1) short medial and lateral central arteries and the long central artery (recurrent of Heubner); 
(2) anterior middle central artery (actually from the anterior communicating artery); (3) medial frontobasal artery; (4) 
frontopolar artery: (5a and 5b) callosomarginal artery and its anteromedial, intermediomedial, and posteromedial 
frontal rami and the cingular ramus; (6) pericallosal artery (continuation of the anterior cerebral trunk; also called 
artery of the corpus callosum); (7) paracentral, precuneal, and parieto-occipital terminal branches. (From H. 
Krayenbihl and M. G. Yasargil, in Handbook of Clinical Neurology, Vol. 11, edited by J. P. Vinken and G. W. Bruyn, 


American Elsevier, New York, 1972.) 


the medial surface of the frontal lobe toward 
the frontal pole (Figs. 11-173; 11-179). It sup- 
plies the anterior part of the medial frontal 
gyrus and it extends over the superior bor- 
der of the cerebrum to supply the anterior 
part of the superior frontal gyrus on its su- 
perolateral surface. 

Several centimeters beyond the origin of 
the frontopolar artery, the main stem of the 
anterior cerebral artery gives off a large 
branch called the callosomarginal artery 
(Figs. 11-173; 11-179). Arising near the sum- 
mit of the genu of the corpus callosum, the 
callosomarginal artery courses along the 
medial surface of the cerebrum over the 
cingulate gyrus. Its path along the cingulate 
sulcus is nearly parallel to the main trunk of 
the anterior cerebral artery, which lies in the 
sulcus of the corpus callosum. From the 
callosomarginal artery arise anteromedial, 
intermediomedial, and posteromedial fron- 
tal rami, as well as a cingular ramus; these 
supply the medial surface of the posterior 
part of the frontal lobe and the rostral part of 


the parietal lobe, as well as part of the 
cingulate gyrus (Figs. 11-173; 11-179). 
Continuing caudally, the main stem of the 
anterior cerebral artery branches into termi- 
nal vessels called the paracentral, precuneal, 
and parieto-occipital arteries (Figs. 11-173; 
11-179). These arteries supply the more cau- 
dal part of the medial surface of the parietal 
lobe, including the paracentral lobule and 
the precuneus, and their vascular fields ex- 
tend caudally to the parieto-occipital sulcus. 


Meninges of the Brain and Spinal Cord 


The brain and spinal cord are enclosed by 
three membranes: (1) an outer tough, protec- 
tive membrane, the dura mater, (2) a subja- 
cent delicate, spider web-like structure 
called the arachnoid mater, and (3) an inner, 
finely structured fibrous membrane that car- 
ries blood vessels to the brain and spinal 
cord called the pia mater. The dura mater is 
also frequently called the pachymenix, 
while the arachnoid and pia mater are col- 
lectively called the leptomeninges. 
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DURA MATER 


The dura mater is a thick, dense, and 
tough, inelastic membrane composed of fi- 
brous connective tissue with collagenous 
bundles arranged in interlacing layers. The 
portion of the dura mater that encloses the 
brain, the dura mater encephali, differs in 
several essential particulars from that which 
surrounds the spinal cord, the dura mater 
spinalis, and therefore it is necessary to de- 
scribe them separately. It must be empha- 
sized, however, that these two regional parts 
of the dura mater form one complete mem- 
brane and are continuous with each other 
through the foramen magnum. 


Cranial Dura Mater (Dura Mater Encephali) 


The cranial dura mater serves as both an 
internal periosteum for the bones that en- 
case the cranial cavity and a membrane for 
the protection of the brain. It may be consid- 
ered to consist of two layers: an outer or en- 
dosteal layer and an inner or meningeal 
layer. These two layers are tightly fused ex- 
cept in certain places where they are sepa- 
rated to provide space for the venous si- 
nuses, within which venous blood drains 
from the cranial cavity. The outer surface of 
the dura mater is rough and fibrillated, and it 
adheres closely to the inner surface of the 
cranial bones. It sends many fine fibrous and 
vascular projections into the bony sub- 
stance; these are severed when the dura is 
stripped from the bones. Because the adhe- 
sions are most marked along the sutures and 
at the base of the skull. the dural attach- 
ments are most secure at these sites. The 
internal surface of the dura is smooth, un- 
attached, and covered with a layer of 
squamous mesothelial cells that tine the sub- 
dural space. 

The outer or endosteal layer is continuous 
through the suture lines and the foramina at 
the base of the skull with the pericranium 
that lines the external surface of the cranial 
bones. The inner meningeal layer (a) sepa- 
rates from the endosteal layer to form the 
venous sinuses (described in Chanter 9); (b) 
forms a sheath that surrounds the cranial 
nerves through their sites of exit at the 
foramina in the base of the skull: (c) sends 
inwardly three partitions, called the falx cer- 
ebri, the tentorium cerebelli, and the falx 
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cerebelli, which separate large divisions of 
the brain; (d) forms a roof for the sella 
turcica, called the diaphragma sellae, which 
overlies the hypophysis; and (e) forms the 
cavum trigeminale, which lodges the trigem- 
inal ganglion. 

FALX cerREeBRI. The falx cerebri, named 
because of its sickle-like shape, is a strong, 
arched membrane that extends vertically 
downward in the longitudinal fissure be- 
tween the two cerebral hemispheres (Fig. 
11-180). It is narrow anteriorly, where it is 
attached to the crista galli of the ethmoid 
bone, and broad posteriorly, where it is con- 
tinuous with the tentorium cerebelli. Its 
upper margin is convex and attached superi- 
orly to the inner surface of the cranial vault 
in the midline as far back as the internal oc- 
cipital protuberance. At this attachment it is 
separated from the outer layer of dura, leav- 
ing space for the superior sagittal sinus (Fig. 
11-180). The free inferior margin is concave, 
and overlying the corpus callosum, it con- 
tains the inferior sagittal sinus. Posteriorly, 
the inferior border of the falx cerebri 
attaches to the tentorium cerebelli. Along 
this attachment is the straight sinus (Figs. 
11-180; 11-181). 

TENTORIUM CEREBELLI, The tentorium Cer- 
ebelli is a transversely oriented semilunar 
fold of dura mater that covers the superior 
surface of the cerebellum and underlies the 
occipital lobes of the cerebrum (Figs. 11-180; 
11-181). Because the upper surface of the 
cerebellum is convex, the center of the ten- 
torium is much higher than its sides. Its ante- 
rior border is free and sharply concave and 
it bounds a large oval opening called the 
tentorial incisure, which surrounds the mid- 
brain and through which the posterior cere- 
bral arteries pass in their supratentorial 
course to the cerebral hemispheres. 

The outer, broad, and convex border of 
the tentorium cerebelli attaches posterolat- 
erally to the edges of the sulcus for the trans- 
verse sinus on the inner surface of the occip- 
ital bone; thus, it encloses the transverse 
sinuses (Fig. 11-181). Anterolaterally, it is at- 
tached along the superior margin of the pet- 
rous part of the temporal bone and encloses 
the superior petrosal sinus on both sides. 
Anteromedially, near the apex of the petrous 
part of the temporal bone, the free and at- 
tached borders of the tentorium cerebelli 
meet and cross each other. The free border 
passes above and is fixed to the anterior 
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Fic. 11-180. The cerebral dura mater and the dural sinuses, seen after removal of the left side of the skull and the 


brain. Note the cerebral falx and the tentorium cerebelli. (After Sobotta.) 


clinoid process of the sphenoid bone, while 
the attached border passes below to become 
anchored to the posterior clinoid process of 
the same bone. The posterior portion of the 
inferior border of the falx cerebri attaches to 
the upper surface of the tentorium cerebelli 
along the midline, thereby enclosing the 
straight sinus. 

FALX CEREBELLI. The falx cerebelli is a 
small sickle-shaped, somewhat triangular 
fold of dura mater located between the 
hemispheres of the cerebellum. Its base is 
attached in the median plane above to the 
inferior and posterior parts of the tentorium. 
It has a free anterior border that projects for- 
ward into the posterior cerebellar notch he- 


tween the cerebellar hemispheres. Its poste- 
rior border, which contains the occipital 
sinus, is attached along the vertically orien- 
ted internal occipital crest on the inner sur- 
face of the occipital bone, thereby incom- 
pletely dividing the posterior cranial fossa 
into two halves. 

DIAPHRAGMA SELLAE. The diaphragma 
sellae is a small, circular, horizontal fold of 
dura mater that attaches to the clinoid proc- 
esses and forms a roof for the sella turcica, 
which contains the hypophysis (Fig. 11-181). 
A circular opening in the center transmits 
the infundibulum of the hypothalamus, 
which is surrounded, by the intercavernous 
sinus (Fig. 11-180). Partially covering the 
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Fic. 11-181. 


The tentorium cerebelli, viewed from above with the brain removed. Observe that its anterior free 


margin bounds an oval opening called the tentorial incisure. The transverse sinus (which continues as the sigmoid 
sinus) lies in the posterolateral attached margin of the tentorium. 


dorsal surface of the diaphragma sellae is 
the optic chiasma. 

CAVUM TRIGEMINALE. The cavum trigemi- 
nale (trigeminal cave of Meckel’) isacleft-like 
recess located between the endosteal and 
meningeal dural layers in the middle cranial 
fossa near the apex of the petrous portion of 
the temporal bone, just below the superior 
petrosal sinus. It lodges the posterior part of 
the trigeminal ganglion and the roots of the 
trigeminal nerve, and it is fused anteriorly 
with the dura that forms the lateral wall of 
the cavernous sinus. 


STRUCTURE OF THE DURA MATER. The dura mater 
is formed chiefly of dense fibrous connective tissue, 
mixed with some elastic fibers, and as its name sug- 
gests, it has a tough consistency. Its connective tis- 
sue fibers are arranged in flattened laminae that are 
incompletely separated into two layers, endosteal 


‘Johann Friedrich Meckel (1714-1774): German anato- 
mist, gynecologist, and botanist (Berlin). 


and meningeal. The endosteal layer is the internal 
periosteum for the cranial bones, and it contains the 
blood vessels for their supply. At the margin of the 
foramen magnum, the endosteal layer of the cranial 
dura mater is continuous with the periosteum lining 
the vertebral canal. The meningeal layer overlies 
the arachnoid, and it is lined on its inner surface with 
a flattened, nucleated layer of cells that appears to 
be mesothelial and similar to that found lining se- 
rous membranes. 

ARTERIES AND VEINS OF THE DURA MATER. The 
arteries that course within the dura mater are nu- 
merous and derived from several sources; they prin- 
cipally supply the cranial bones. Those in the ante- 
rior fossa are the anterior meningeal branches of the 
anterior and posterior ethmoidal arteries and of the 
internal carotid artery, as well as a branch from the 
middle meningeal artery. The vessels that supply 
the dura mater in the middle fossa are the middle 
and accessory meningeal branches of the maxillary 
artery; the meningeal branch of the ascending pha- 
ryngeal artery, which enters the skull through the 
foramen lacerum; branches from the internal carotid 
artery; and the recurrent meningeal branch of the 
lacrimal artery. Arteries that supply the dura mater 
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in the posterior fossa include two meningeal 
branches from the occipital artery, one that enters 
the skull through the jugular foramen and another 
that enters through the mastoid foramen; the poste- 
rior meningeal branches from the vertebral artery; 
other meningeal branches from the ascending pha- 
ryngeal artery that enter the skull through the jugu- 
lar foramen and hypoglossal canal; and a branch 
from the middle meningeal artery. 

The veins returning blood from the cranial dura 
mater anastomose with the diploic veins and end in 
the various sinuses. Many of the meningeal veins do 
not open directly into the sinuses, but indirectly 
through a series of ampullae termed venous lacu- 
nae. These are found on either side of the superior 
sagittal sinus, especially near its middle portion, and 
are often invaginated by the arachnoid granulations. 
Venous lacunae are also found near the transverse 
and straight sinuses. The veins in the dura mater 
communicate with the underlying cerebral veins, as 
well as with the diploic and emissary veins. 

NERVES OF THE DURA MATER. The cranial dura 
mater is richly supplied by sensory nerve fibers and 
sympathetic fibers; most of the latter course to the 
dural vessels. The sensory fibers are derived from 
the trigeminal ganglion, from each of the three divi- 
sions of the trigeminal nerve, as well as from the 
upper two or three cervical segments. The latter 
appear both to course with the vagus and hypoglos- 
sal nerves and to ascend directly through the fora- 
men magnum to supply the dura mater of the poste- 
rior fossa. Sympathetic fibers to the dural vessels 
course along the arteries from the vertebral and ca- 
rotid sympathetic plexuses. 


Spinal Dura Mater (Dura Mater Spinalis) 


The spinal dura mater forms a loose 
Sheath around the spinal cord and repre- 
sents only the inner or meningeal layer of 
the cranial dura mater (Fig. 11-182). The 
outer or periosteal layer of the cranial dura 
mater becomes the periosteum of the verte- 
brae below the foramen magnum and forms 
the lining of the vertebral canal. A consider- 
able interval, the epidural cavity, intervenes 
between the spinal dura and the periosteal 
lining of the vertebral canal. It contains a 
quantity of loose areolar tissue and a plexus 
of veins that corresponds in position with 
the cranial dural sinuses. The spinal dura is 
attached to the circumference of the fora- 
men magnum, to the second and third cervi- 
cal vertebrae, and by fibrous slips to the pos- 
terior longitudinal ligament, especially near 
the caudal end of the vertebral canal. 

The substance of the spinal cord dimin- 
ishes significantly caudal to the second lum- 
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bar vertebra and the cord ends at this level 
in a conical extremity called the conus med- 
ullaris. From the apex of the conus medul- 
laris, a delicate fibrous filament called the 
filum terminale descends for about 20 cm as 
far as the first coccygeal vertebral segment 
(Figs. 11-26; 11-27). Between the second lum- 
bar vertebra and the level of the second sac- 
ral vertebra, the conus medullaris and filum 
terminale are surrounded by the longitudi- 
nally oriented roots of the spinal nerves that 
course intradurally. This portion of the cord 
is called the cauda equina and it is sur- 
rounded by spinal dura mater. Below the 
second sacral vertebral level, the dura mater 
closely invests the final 5 cm of the filum ter- 
minale (filum terminale externum) and at- 
taches caudally to the dorsum of the first 
coccygeal vertebra by blending with the per- 
iosteum (Fig. 11-27). 

The intradural volumetric capacity is con- 
siderably greater than that required by the 
spinal cord and leptomeninges. Much of the 
additional space is occupied by cerebrospi- 
nal fluid located deep to the arachnoid mem- 
brane in the so-called subarachnoid space 
(Fig. 11-182). An especially spacious portion 
of the subarachnoid space exists deep to the 
dura mater and arachnoid membrane be- 
tween the apex of the conus medullaris 
(third lumbar vertebra) and the second sac- 
ral vertebral level along the course of the 
upper 15 cm of the filum terminale (filum 
terminale internum). This is a convenient 
site for the sampling of cerebrospinal fluid 
(lumbar puncture) or the injection of anes- 
thetics (spinal anesthesia). 

Between the dura mater and the arachnoid 
membrane is found a potential space, called 
the subdural space, that contains a small 
amount of serous fluid (Fig. 11-182). The sub- 
dural space terminates at the lower border 
of the second sacral vertebra, where the 
filum terminale externum becomes invested 
closely by the dura mater. The dura mater 
forms tubular prolongations along both the 
roots of the spinal nerves and the proximal 
parts of the spinal nerves themselves as they 
pass through the intervertebral foramina on 
each side. These dural sheaths are short in 
the upper part of the vertebral column, but 
gradually they become longer in the lower 
part because of the greater interval that 
exists between the root-cord junction and 
the intervertebral foramina. 
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Fig. 11-182. Cross section of spinal cord in the spinal canal, showing its meningeal coverings and the manner of exit 
of the spinal nerves. (After Rauber in N. B. Everett, Functional Neuroanatomy, 6th ed., Lea & Febiger, Philadelphia, 


1971.) 


THE ARACHNOID 


The arachnoid (Figs. 11-182; 11-183; 11-185: 
11-186) is a delicate, avascular membrane 
lying between the dura mater and pia mater. 
[t is separated from the dura mater by the 
subdural space and from the pia mater by 
the subarachnoid space, which contains the 
cerebrospinal fluid. The arachnoid, together 
with the underlying pia mater, forms the lep- 
tomeninges. Although the pia and arachnoid 
are clearly different and separable mem- 
branes, fine trabecular strands extend in- 
ward to the pia mater from the arachnoid 
across the subarachnoid space (Fig. 11-185). 
This meshwork, along with the delicate tex- 
ture of arachnoid tissue, gives a spider web- 
like appearance to the arachnoid mater, 
hence its name. 


Cranial Arachnoid 


The cranial arachnoid is closely applied to 
the inner surface of the cranial dura but is 
separated from it by a thin film of fluid in the 
subdural space. Its surface adjacent to the 
dura is covered with a layer of mesothelium. 
[t does not dip into the sulci or fissures ex- 
cept to follow the falx and tentorium. The 
inner surface of the arachnoid membrane 
attaches to the underlying pia mater by deli- 


cate fibrous threads, the arachnoid trabecu- 
lae, which traverse the subarachnoid space 
intervening between these two membranes 
(Fig. 11-185). 


Spinal Arachnoid 


The spinal arachnoid is a thin, delicate 
tubular sheath that loosely invests the spinal 
cord (Fig. 11-186). It is continuous above 
with the cranial arachnoid and it widens 
below to invest the cauda equina and its 
emerging nerves. Like the cranial arachnoid, 
the spinal arachnoid is separated from the 
spinal dura mater by the subdural space. As 
the cranial arachnoid surrounds the roots of 
the cranial nerves along their intracranial 
course between the foramina and the brain, 
so also the spinal arachnoid encloses the spi- 
nal nerves and forms loose sheaths that sur- 
round these nerves along their course within 
the vertebral canal between their sites of at- 
tachment to the spinal cord and their exits 
through the intervertebral foramina. 


SUBARACHNOID SPACE 


The subarachnoid space is the cavity be- 
tween the arachnoid and the pia mater (Figs. 
11-182; 11-183). It contains cerebrospinal 
fluid located within intercommunicating 
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channels that are separated by delicate con- 
nective tissue trabeculae extending from the 
arachnoid to the pia. The inner surface of 
the arachnoid is lined by mesothelial-like 
cells that form a continuous layer over the 
trabeculae and likewise cover the outer sur- 
face of the pia mater. Because the subarach- 
noid space can be defined as a cavity that 
separates two parts of a continuous mem- 
brane, the leptomeninx, it may be consid- 
ered an intraleptomeningeal space. 

The subarachnoid space is narrow over 
the surface of the cerebral hemispheres and 
especially so over the summits of the cortical 
gyri, where the arachnoid and pia are in 
close contact. The arachnoid, however, 
bridges the sulci, whereas the pia follows the 
cortical surface closely and dips into the 
sulci. This results in a wider subarachnoid 
space along these intergyral sites. Over cer- 
tain regions of the brain, the arachnoid is 
somewhat thicker and is separated from the 
pia mater by wide intervals that communi- 
cate freely with each other. These are called 
the subarachnoid cisternae and they contain 
little subarachnoid trabecular tissue (Fig. 
11-183). 


Subarachnoid Cisternae 


The subarachnoid cisternae are cavities of 
considerable size located within the subar- 
achnoid space. They are found in regions 
where the arachnoid adheres closely to a 
loosely fitting meningeal .dura mater that 
bridges the contours of the brain, while the 
pia mater remains intimately attached to the 
surface of the brain and follows its contours. 
Most of the cisternae are found adjacent to 
the ventral and dorsal surfaces of the brain 
stem and the ventral surface of the hypothal- 
amus (Figs. 11-183; 11-184). Because they rep- 
resent only enlargements within the com- 
mon subarachnoid cavity, they contain 
cerebrospinal fluid. They have a clinical rel- 
evance because blood and exudates may 
accumulate at these sites, and certain cis- 
ternae may be punctured to obtain samples 
of their contents for analysis. 

CEREBELLOMEDULLARY CISTERN. ‘The cere- 
bellomedullary cistern, often called the 
cisterna magna, is the largest and most ac- 
cessible of the subarachnoid cisternae in the 
skull (Figs. 11-183; 11-184). It is found deep to 
the arachnoid that bridges the interval be- 


a 


tween the caudal part of the cerebellum and 
the dorsal surface of the medulla oblongata: 
the cerebellomedullary cistern is directly con- 
tinuous below with the subarachnoid space 
of the spina! cord. 

The ventricular system of the brain com- 
municates with the subarachnoid space by 
way of three foramina. These open between 
the fourth ventricle and the cerebellomedul- 
lary cistern and include the median aperture 
of the fourth ventricle (foramen of Magen- 
die), located in the midline at the inferior 
part of the roof of the fourth ventricle, and 
two lateral apertures of the fourth ventricle 
(foramina of Luschka), found at the extrem- 
ities of the lateral recesses of the fourth ven- 
tricle between the flocculus of the cerebel- 
lum and the roots of the glossopharyngeal 
nerve (Fig. 11-183). Cerebellomedullary 
cisternal puncture is done by carefully intro- 
ducing a needle through the posterior at- 
lanto-occipital membrane and entering the 
cistern at the foramen magnum. 

PONTINE CISTERN. The pontine cistern is a 
large space on the ventral aspect of the pons; 
within it courses the basilar artery longitudi- 
nally (Figs. 11-183; 11-184). It is continuous 
caudally with the subarachnoid space adja- 
cent to the ventral surface of the medulla 
oblongata and spinal cord, and rostrally 
with the interpeduncular space. 

INTERPEDUNCULAR AND CHIASMATIC CIS- 
TERNAE. Theinterpeduncular and chiasmatic 
cisternae are sometimes together called the 
cisterna basalis (Fig. 11-183). They are lo- 
cated rostral to the pontine cistern and adja- 
cent to the ventral surfaces of the mesen- 
cephalon and hypothalamus. The optic 
chiasma separates the smaller, more ros- 
trally located chiasmatic cistern from the 
wider and more extensive interpeduncular 
cistern. The interpeduncular cistern con- 
tains the circulus arteriosus and the poste- 
rior and middle cerebral arteries, while the 
chiasmatic cistern has coursing through it 
the anterior cerebral artery. 

CISTERNAE OF THE LATERAL CEREBRAL FOS- 
sae. The cisternae of the lateral cerebral 
fossae, one on each side, are located at the 
base of the cerebrum, just medial to and in 
front of the temporal lobe. They are formed 
as the arachnoid membrane bridges the lat- 
eral sulci, and each contains the middle cer- 
ebral artery as that vessel courses toward 
and enters the lateral sulcus. 
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Fig. 11-183. A median sagittal section of the brain and spinal cord that shows the subarachnoid space and the 


cisternae and ventricles and the relationships of the meninges to the neural tissue. The arrows indicate the direction of 


cerebrospinal fluid flow. (From A. T. Rasmussen, The Principal Nervous Pathways, 4th ed., Macmillan Publishing Co., 
New York, 1952.) 
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Fig. 11-184. A diagram showing the locations of the 
principal subarachnoid cisterns in the skull. Blue, arach- 
noid membrane; red, pia mater. 


CISTERN OF THE GREAT CEREBRAL VEIN. The 
cistern of the great cerebral vein occupies 
the interval between the splenium of the 
corpus callosum, the pineal body, the supe- 
rior surface of the cerebellum, and the 
colliculi of the mesencephalon (Figs. 11-183; 
11-184). It reaches rostrally between the lay- 
ers of the tela choroidea of the third ventri- 
cle, and through it courses the great cerebral 
vein (of Galen’). 

As mentioned previously, the ventricular 
system of the brain communicates with the 
subarachnoid space by way of the median 
and lateral apertures of the fourth ventricle. 
The subarachnoid space surrounding the 
cerebral hemispheres and the intracranial 
cisternae are directly continuous with the 
subarachnoid space surrounding the spinal 
cord. 


Spinal Part of the Subarachnoid Space 


The spinal part of the subarachnoid space 
is a relatively wide interval that is most spa- 
cious in the caudal part of the vertebral 
canal, where the arachnoid surrounds the 
lower roots of the spinal cord that form the 
cauda equina (Fig. 11-183). A longitudinally 
oriented subarachnoid septum incompletely 
divides the spinal subarachnoid space. This 


‘Claudius Galen (130-201 a.p.): A Greek physician born 
in Asia Minor who practiced medicine in Rome. 
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septum connects the arachnoid to the pia 
mater along the posterior median sulcus of 
the cord; it is less complete in the upper cer- 
vical region but more definitive in the lower 
cervical and thoracic regions. On each side, 
the denticulate ligaments also tend to parti- 
tion the spinal part of the subarachnoid 
space (see discussion on pia mater). The sub- 
arachnoid space ends at the level of the sec- 
ond sacral vertebra. 


Arachnoid Granulations 


The arachnoid granulations (sometimes 
called the arachnoid villi or Pacchionian? 
bodies) are ovoid tufts of arachnoid tissue, 
visible to the naked eye, that protrude out- 
ward from the arachnoid membrane into the 
dura mater that forms the superior sagittal 
sinus, the transverse sinus, and at times cer- 
tain other sinuses (Fig. 11-183). Each arach- 
noid granulation consists of a finger-like 
projection of arachnoid mesothelium that 
evaginates into the lumen of the sinus, so 
that the arachnoid mesothelium comes to lie 
adjacent to the vascular endothelium. The 
inner cavity of the granulation or villus is 
continuous with the subarachnoid space, 
and the cerebrospinal fluid within that space 
becomes separated from the venous blood 
only by the mesothelium of the arachnoid, 
which fuses with the endothelial lining of 
the sinus. Return of cerebrospinal fluid to 
the blood plasma is thought to be effected by 
Osmosis across the mesothelial lining of the 
arachnoid villi and the vascular endothe- 
lium. 

Although fully developed arachnoid gran- 
ulations are not seen in the newborn infant 
and are rarely found before the third year, 
many minute elevations that will become 
arachnoid granulations can be seen quite 
early. They become obvious after the sev- 
enth year and they increase in number and 
size as age advances. During their growth, 
the arachnoid granulations push against the 
thinned dura and eventually cause absorp- 
tion of bone; this results in the formation of 
ovoid pits or depressions on the inner table 
of the calvaria. The arachnoid granulations 
can readily be seen to occupy these depres- 
sions as the skull cap is removed during dis- 
section of the adult cranial cavity. 


“Antonio Pacchioni (1665-1726): An Italian anatomist 
(Rome and Tivoli). 
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Cerebrospinal Fluid 


The cerebrospinal fluid is a clear and col- 
orless, watery liquid that fills the ventricles 
of the brain and occupies the subarachnoid 
space. It has a specific gravity of 1.006 to 
1.009, and it normally contains 1.8 leukocytes/ 
ml, some proteins, glucose, sodium, chloride, 
and lipids, as well as many other substances 
in small quantities. Although it may serve a 
nutritive role during development, cerebro- 
spinal fluid probably functions in a protec- 
tive capacity for the adult central nervous 
system. Because the brain and spinal cord 
are totally suspended in cerebrospinal fluid, 
they are buffered from the rigid bony skele- 
ton of the skull and spinal column and are 
less subject to mechanical and concussive 
injury. Cerebrospinal fluid is constantly 
being formed by the choroid plexuses within 
the ventricles and it communicates with the 
subarachnoid space surrounding the brain 
and spinal cord. At any one time there may 
be as much as 140 ml] of cerebrospinal fluid 
within and around the central nervous sys- 
tem, although it has been calculated that 
about 500 ml are formed daily, the excess 
being reabsorbed through the arachnoid villi 
into the venous system. 

Cerebrospinal fluid circulates from its 
sites of formation in the lateral ventricles, 
through the interventricular foramina into 
the third ventricle, and then through the cer- 
ebral aqueduct into the fourth ventricle (Fig. 
11-183). It passes into the cerebromedullary 
cistern (cisterna magna) and the pontine cis- 
tern by way of the medial and lateral aper- 
tures in the roof of the fourth ventricle and, 
thus, into the subarachnoid space. Within 
the subarachnoid space it continues to circu- 
late around the surfaces of the cerebrum, 
cerebellum, and spinal cord and eventually 
it passes back into the venous circulation at 
the arachnoid granulations. Davson (1967) 
has estimated that of the 140 ml of cerebro- 
spinal fluid present in the central nervous 
system at any one time, 23 ml are located 
within the ventricles, 30 ml are in the subar- 
achnoid space of the spinal cord, and the 
rest is in the cerebral cisternae and the intra- 
cranial subarachnoid space. 

As cerebrospinal fluid circulates in the 
subarachnoid space, it is interposed between 
the larger blood vessels and their penetrat- 
ing branches on the one hand and the con- 
nective tissue of the pia mater on the other. 
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As the penetrating vessels divide to form 
capillaries, however, the pia mater is lost 
and the endothelial cells forming the capil- 
lary wall lie adjacent to the neuropil and are 
almost completely surrounded by the end- 
feet of astrocytic processes (Fig. 11-185). Be- 
cause certain substances circulating in the 
blood stream, such as alcohol and glucose, 
quite freely enter the extracellular space or 
cerebrospinal fluid and come quickly to 
equilibrium, and other substances, such as 
proteins and certain vital dyes do not, a con- 
cept has developed that there exists a func- 
tional barrier between the blood and the 
brain that selectively allows the passage of 
some substances but restricts others. This 
physiologic mechanism has been called the 
blood-brain or hematoencephalic barrier. It 
is now thought that the tight junctions that 
interconnect the endothelial cells lining the 
capillaries in the central nervous system 
serve to limit the passage of certain sub- 
stances across the capillary wall. This mech- 
anisin, in addition to others, may help to 
explain the blood-brain barrier phenom- 
enon. 

Obstruction of the flow of cerebrospinal 
fluid can cause an increased accumulation 
of intracranial cerebrospinal fluid, fre- 
quently characterized by an enlargement of 
the ventricles and an increased intracranial 
pressure. This condition is called hydro- 
cephalus, and when it occurs before the clo- 
sure of the fontanels of the skull of a child, 
the increase in intracranial pressure results 
in an enlargement of the head and, if severe 
enough, in the destruction of neural tissue. 
Because the skull is unable to expand in 
adults, obstruction of the passage of cerebro- 
spinal fluid frequently results in ventricular 
dilatation. If flow is restricted through the 
cerebral aqueduct or through the medial and 
lateral apertures in the roof of the fourth 
ventricle, there results a noncommunicative 
obstruction because the passage of fluid be- 
tween the ventricular system and the subar- 
achnoid space is prevented. A communicat- 
ing obstruction may occur somewhere in the 
subarachnoid space, such as in the cerebel- 
lomedullary or pontine cisternae. 

Lumbar puncture is performed to sample 
spinal fluid that is circulating in the subar- 
achnoid space surrounding the cauda equina 
of the spinal cord. A needle inserted in the 
midline between the spines of the third and 
fourth lumbar vertebrae will enter the sub- 
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Fic. 11-185. Diagrammatic representation of a portion of the subarachnoid space surrounding the cerebral cortex. 
Note the arachnoid trabeculae between the arachnoid membrane and the pia mater, and the fact that the subarachnoid 
space still exists around the vessels as they penetrate the neural substance. As these vessels branch into the capillary 
network of the brain, however, they lose their arachnoid covering and the connective tissue of the pia mater, while the 
neuroglia attach directly to the basement membrane of the endothelial cells. (From Benninghoff and Goerttler, 
Lehrbuch der Anatomie des Menschen, Vol. 3, 9th ed., Urban and Schwarzenberg, Munich, 1975.) 


arachnoid space, avoiding the spinal cord 
and insinuating itself among the nerves of 
the cauda equina (Fig. 11-27). Cisternal 
puncture is performed by inserting a needle 
between the atlas and the occipital bone and 
entering the cisterna cerebellomedullaris 
(cisterna magna). Spinal anesthesia is ad- 
ministered by introducing the anesthetic 
into the subarachnoid space by lumbar 
puncture. 


PIA MATER 


The innermost meningeal layer, the pia 
mater, is a delicate connective tissue and 
vascular membrane that closely adheres to 
the brain and spinal cord (Figs. 11-29; 11- 
185; 11-186). It carries arich network of blood 
vessels that supply the neural tissue and it 
consists of loose interlacing bundles of col- 
lagenous and elastic fibers covered by a 
layer of flattened mesothelial-like squamous 
cells, similar to those seen in the arachnoid. 
The basement membrane on the innermost 
surface of the endothelial cells forming the 


capillaries allows attachment of the astro- 
cytic neuroglial processes, and together they 
form a pia-glial membrane. The astrocytes 
and their end-feet attachments make up a 
nearly complete sheath around the capillar- 
ies and may play an important role in the 
transfer of metabolic substances between 
the blood and the brain. On its external sur- 
face, the pia mater is attached to the overly- 
ing arachnoid by fine trabecular extensions 
of the arachnoid that cross the subarachnoid 
space (Fig. 11-185). The pia mater also forms 
sheaths for the cranial and spinal nerves 
and, together with the dura mater, blends 
with the perineurium as these nerves leave 
the cranial cavity and the vertebral canal. 
The pia mater and the arachnoid are often 
referred to collectively as the leptomen- 
inges. 


Cranial Pia Mater 


The cranial pia mater invests the entire 
surface of the brain, dipping into the fissures 
and sulci of the cerebral and cerebellar 
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hemispheres (Fig. 11-185). It extends into the 
transverse cerebral fissure, where it forms 
the tela choroidea of the third ventricle and 
combines with the ependyma to form the 
choroid plexuses of the third and lateral 
ventricles. It also passes over the roof of the 
fourth ventricle and forms the tela choroidea 
and choroid plexus of the fourth ventricle. 

Over the surface of the cerebrum, the pia 
mater contains the blood vessels that supply 
the brain, and from these vessels large num- 
bers of branches arise that penetrate the 
brain substance (Fig. 11-185). For a certain 
distance the connective tissue of the pia 
mater continues to surround these penetrat- 
ing vessels, as it does the larger vessels on 
the brain surface. Between the connective 
tissue of the pia mater and the penetrating 
vessels is found a true perivascular space 
that is directly continuous with the subar- 
achnoid space. As the penetrating vessels 
branch to form the capillary networks, how- 
ever, the connective tissue of the pia mater 
is lost. The basement membrane of the endo- 
thelial cells of the capillaries lies immedi- 
ately adjacent to the neural tissue and is 
almost surrounded by the perivascular end- 
feet of astrocytes. Helping to complete this 
pia-glial perivascular sheath are a few proc- 
esses from oligodendrocytes and perhaps 
even a few neuronal processes. 


Spinal Pia Mater 


The spinal pia mater (Figs. 11-29; 11-186) is 
thicker, firmer, and less vascular than the 
cranial pia mater. Like the cranial pia, it con- 
sists of an outer layer formed by collagenous 
and elastic connective tissue and an inner 
layer formed by the basement membrane of 
the endothelial cells of the capillaries onto 
which attach the perivascular neuroglial 
processes (the pia-glial membrane). The spi- 
nal pia mater is intimately adherent to the 
surface of the spinal cord, and on the ante- 
rior spinal surface it dips into the ventral 
median fissure and thereby lines the two 
medial surfaces of that fissure. Longitudi- 
nally along the surface of the cord at the 
ventral median fissure, the pia mater is 
somewhat thickened and forms a band of 
connective tissue, called the linea splendens, 
that courses along the length of the fissure. 
Other concentrations of fibers along each 
side form the denticulate ligaments (sec fol- 
lowing). 
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Fic. 11-186. The spinal cord and its meninges. Upper 
portion shows the dura mater intact; intermediate por- 
tion shows the dura reflected and the arachnoid intact: 
lower portion shows the dura reflected and the arach- 
noid removed to reveal the pia mater. 


From the caudal tip of the conus medul- 
laris, the pia mater continues as a long, slen- 
der filament called the filum terminale. This 
descends within the vertebral canal and is 
centrally located among the spinal roots that 
form the cauda equina (Fig. 11-27). The filum 
terminale blends with the dura mater at the 
lower border of the second sacral vertebra, 
and then it extends downward as far as the 
base of the coccyx, where it fuses with the 
periosteum. Because it is thought to assist in 
maintaining the spinal cord in place during 
movements of the trunk, the filum terminale 
has sometimes been called the central liga- 
ment of the spinal cord. 

DENTICULATE LIGAMENTS. The denticulate 
ligaments are two narrow, longitudinally 
oriented fibrous bands of pia mater, one situ- 
ated on each of the two sides of the spinal 
cord. Each ligament spreads laterally toward 
the dura mater from the entire length of the 
spinal cord, midway between the dorsal- 
ventral sites of attachment of the posterior 
and anterior roots (Figs. 11-29; 11-186). Thus, 
the medial border of each ligament is contin- 
uous with the pia mater at the side of the 
spinal cord, while the scalloped lateral bor- 
der presents a series of triangular, tooth-like 
processes, the points of which are fixed at 


intervals to the dura mater. There are 21 of 
these pointed processes and each extends 
laterally through the arachnoid to become 
attached to the inner surface of the dura 
mater. The uppermost is attached to the dura 
opposite the margin of the foramen mag- 
num, between the vertebral artery and the 
hypoglossal nerve. Each successive process 
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extends laterally between the spinal nerves 
intersegmentally, so that the most caudal is 
found between the sites of exit of the last 
thoracic and first lumbar nerves. These liga- 
ments, along with the nerve roots, assist in 
suspending the spinal cord within the subar- 
achnoid cavity. 
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Nervous impulses are conveyed to and 
from the nervous system by the nerve trunks 
that form the peripheral nervous system. It 
is composed of nerve fibers, ganglia, and end 
organs. Afferent or sensory fibers carry to- 
ward the central nervous system the im- 
pulses arising from stimulation of sensory 
end organs. Efferent or motor fibers carry 
impulses from the central nervous system to 
the muscles and other responsive organs. 
The somatic fibers, both afferent and effer- 
ent, are associated with the general body, 
typified by the skeletal muscles and skin. 
The visceral fibers are also both afferent and 
efferent, and are associated with the internal 
organs, vessels, and mucous membranes. 

The peripheral nervous system consists of 
(a) the cranial nerves, (b) the spinal nerves, 
and (c) the sympathetic nervous system. 
These three morphologic subdivisions are 


not functionally independent, but combine 
and communicate with each other to supply 
both somatic and visceral structures with 
afferent and efferent fibers. For example, the 
efferent impulses for control of the viscera 
are carried partly by the sympathetic system 
and partly by portions of certain cranial and 
sacral nerves. The latter are grouped under 
the name parasympathetic or craniosacral 
system, and both sympathetic and parasym- 
pathetic systems together make up the vis- 
ceral motor or autonomic nervous system, 
which is described in later pages. 


Cranial Nerves 


The cranial nerves (nervi craniales; cere- 
bral nerves) are attached to the base of the 
brain (Fig. 11-89) and make their passage 
from the cranial cavity through various 
openings or foramina in the skull (Fig. 12-1). 
There are 12 pairs, and beginning with the 
most anterior, they are designated by Roman 
numerals and named as follows: 


I. Olfactory 
ee pric 
III. Oculomotor 
IV. Trochlear 
V. Trigeminal 
VI. Abducent 
VII. Facial 
VIII. Vestibulocochlear 
IX. Glossopharyngeal 
X. Vagus 
XI. Accessory 
XII. Hypoglossal 


In addition to the commonly described cra- 
nial nerves, there is a small nerve named the 
nervus terminalis, which some comparative 
anatomists classify morphologically as the 
first cranial nerve. The nervus terminalis 
(terminal nerve) originates from the cerebral 
hemisphere in the region of the olfactory 
trigone, courses anteriorly along the medial 
surface of the olfactory tract and bulb to the 
lateral surface of the crista galli, and passes 
through the anterior part of the cribriform 
plate of the ethmoid bone. It is a compact 
bundle beside the olfactory tract, a close 
plexus beside the bulb, and a loose plexus 
on the crista galli, where it is embedded in 
the dura mater some distance above the 
cribriform bone. Within the cranium, fila- 
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ments join the olfactory bundles and vomer- 
onasal nerves, and apparently pass to the 
mucous membrane of the septum along with 
them. The majority of filaments form a sin- 
gle strand that passes through the cribriform 
plate anterior to the vomeronasal nerves and 
is distributed to the membrane near the an- 
terior superior border of the nasal septum. 
In the nasal cavity, the nerve communicates 
with the medial nasal branch of the anterior 
ethmoidal branch of the ophthalmic division 
of the trigeminal nerve. 

In the embryo, a loose mass of fibers and 
cells in the portion of the nerve medial to the 
rostral end of the olfactory bulb is called the 
ganglion terminale. The nerve fibers are 
unmyelinated and ganglion cells are scat- 
tered in groups along the peripheral course 
of the nerve. The cells in the ganglion and 
along the nerve have been described by dif- 
ferent authors as unipolar, bipolar, and 
multipolar (Pearson, 1941). 
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The central connections of the nervus 
terminalis end in the septal nuclei, the ol- 
factory lobe, the posterior precommissural 
region, and the anterior portion of the 
supraoptic region of the brain. Those in the 
first three areas are sensory; those in the sup- 
raoptic region may be preganglionic auto- 
nomic fibers associated with the serous 
glands (of Bowman!) or with blood vessels in 
the olfactory membrane (Larsell, 1950). 


!. OLFACTORY NERVE 


The olfactory nerve (nervus olfactorius; 
first nerve) (Fig. 12-2), or nerve of smell, in its 
properly restricted sense is represented on 
both sides of the nasal cavity by bundles of 
nerve fibers which are the central processes 


'Sir William Bowman (1816-1892): An English physician 
(London). 
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of the neuroepithelial cells in the olfactory 
mucous membrane of the nose. These cells 
are described in more detail as part of the 
organ of smell in Chapter 13. The nerve fi- 
bers make a plexiform network in the mu- 
cous membrane of the superior nasal concha 
and the part of the septum opposite, and 
then are gathered into approximately 20 
bundles that pass through the foramina of 
the cribriform plate of the ethmoid bone in 
two groups. A lateral group comes from the 
concha; a medial group, from the septum. 
The fibers are unmyelinated, and the bun- 
dles have connective tissue sheaths derived 
from the tissues of the dura, arachnoid, and 
pia mater. After passing through the foram- 
ina, the fibers end in the glomeruli of the ol- 
factory bulb, an oval mass approximately 
3mm xX 15mm, which rests against the in- 
tracranial surface of the cribriform plate of 
the ethmoid (Fig. 12-1). 

Although the olfactory bulb and its con- 
nection with the brain, the olfactory tract, 
have a gross appearance like that of a nerve, 
they are more accurately classified as parts 
of the brain. They are components of the 
rhinencephalon, the portion of the brain as- 
sociated with the sense of smell, which is 
described in Chapter 11. 


The vomeronasal nerve, which is an im- 
portant part of the olfactory system in mac- 
rosmatic animals, is present in the human 
fetus but disappears before birth. The nerve 
fibers originate in the olfactory epithelial 
cells of the vomeronasal organ (organ of Ja- 
cobson!), a rudiment of which may persist in 
man; they pass upward in the submucous 
tissue of the nasal septum and through the 
cribriform plate of the ethmoid bone to end 
in the accessory olfactory bulb. 


Il. OPTIC NERVE 


The optic nerve (n. opticus; second nerve) 
(Fig. 12-3), or nerve of sight, consists mainly 
of the axons or central processes of the cells 
in the ganglionic layer of the retina. Within 
the bulb of the eye, these axons lie in the 
stratum opticum or layer of nerve fibers of 
the retina (see next chapter). They converge 
toward the optic papilla, or disc, which is 
3mm medial to the posterior pole of the 
bulb, where they are gathered into small 
bundles that pierce the choroid and scleral 


1Ludwig Levin Jacobson (1783-1843): A Danish anato- 
mist and physician (Copenhagen). 
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Fic. 12-3. The left optic nerve and the optic tracts. 


coats through the many small foramina of 
the lamina cribrosa sclerae to form the optic 
nerve. The optic nerve, as it courses posteri- 
orly toward the brain, traverses the central 
region of the orbit, passes through the optic 
canal (foramen), and then, approaching the 
nerve of the other side, joins it to form the 
optic chiasma. From the chiasma, the fibers 
continue in the optic tracts, which diverge 
from each other and reach the base of the 
brain near the cerebral peduncle. The cen- 
tral connections of the fibers are described 
in Chapter 11. 


Parts of the Optic Nerve 


The optic nerve has four portions, con- 
tained in: (a) the bulb, (b) the orbit, (c) the 
optic canal, and (d) the cranial cavity. 

INTRAOCULAR PORTION. ‘The intraocular 
portion is very short, about 1mm, and the 
nerve fibers within it are unmyelinated until 
they pass through the lamina cribrosa, at 
which point they become myelinated and 
supported by neuroglia. 

ORBITAL PORTION. The orbital portion, 3 to 
4mm in diameter, is 20 to 30 mm long; its 
course is slightly sinuous, which allows 
greater length for unrestricted movement of 
the eyeball. It is invested by sheaths derived 
from the dura, arachnoid, and pia mater, all 
three of which fuse and become continuous 
with the sclera at the lamina cribrosa;: the 
dura extends as far back as the cranial cav- 
ity, the arachnoid somewhat farther, and the 
pia all the way to the chiasma. The pia 


closely ensheathes the nerve and sends nu- 
merous septa into its substance, carrying the 
blood supply. Between the sheaths are sub- 
arachnoid and subdural spaces similar to 
and continuous with those of the cranial 
cavity, the subarachnoid ends in a cul-de-sac 
at the lamina cribrosa. As it traverses the 
orbit, the optic nerve is surrounded by the 
posterior part of the fascia bulbi (Tenon’s 
capsule’), the orbital fat, and, in its anterior 
two-thirds, by the ciliary nerves and arteries. 
Toward the posterior part of the orbit, it is 
crossed obliquely by the nasociliary nerve, 
the ophthalmic artery, the superior ophthal- 
mic vein, and the superior division of the 
oculomotor nerve. Farther toward the roof 
of the orbit are the rectus superior and leva- 
tor palpebrae superioris muscles, and the 
trochlear and frontal nerves. Inferior to it 
are the inferior division of the oculomotor 
nerve and the rectus inferior muscle; medial 
to it is the rectus medialis muscle; and lateral 
to it are the abducent nerve and rectus later- 
alis muscle. In the posterior part of the orbit 
are the ciliary ganglion and the ophthalmic 
artery (Fig. 12-6). As it passes into the optic 
canal, accompanied by the ophthalmic ar- 
tery, it is surrounded by the common anular 
tendon (of Zinn”), which serves as the origin 
of the ocular muscles. A short distance be- 
hind the bulb, the optic nerve is pierced by 
the central artery of the retina and its ac- 
companying vein. These vessels enter the 
bulb through an opening in the lamina 
cribrosa and supply the retina. 

OPTIC CANAL PORTION. Within the optic 
canal, the ophthalmic artery lies inferior to 
the nerve, just after it has branched from the 
internal carotid artery. Medially, separated 
by a thin plate of bone, is the sphenoidal air 
sinus. If the pneumatization of the bone is 
extensive, the nerve may be almost com- 
pletely surrounded by the sphenoidal sinus 
or the posterior ethmoidal cells. Superior to 
the nerve, the three sheaths—dura, arach- 
noid, and pia—are fused to each other, to the 
nerve, and to the periosteum of the bone, 
thereby fixing the nerve and preventing it 
from being forced back and forth in the fora- 
men. The subarachnoid and subdural spaces 
are present only below the nerve. 


‘Jacques René Tenon (1724-1816): A French pathologist 
and surgeon (Paris). 

“Johann Gottfried Zinn (1727-1759): A German professor 
of medicine and botanist (Gottingen). 


INTRACRANIAL PORTION. The intracranial 
portion of the nerve (Fig. 12-1) rests on the 
anterior part of the cavernous sinus and on 
the diaphragma sellae, which overlies the 
hypophysis. The part of the brain above the 
nerve is the anterior perforated substance. 
The internal carotid artery approaches the 
nerve laterally and then is directly inferior 
to it at the origin of the ophthalmic artery. 
The anterior cerebral artery crosses superior 
er Le 


Optic Chiasma 


The optic chiasma (Fig. 12-3), as the name 
indicates, resembles the Greek letter ‘X”’ 
from the convergence of the optic nerves in 
front and the divergence of the optic tracts 
behind. It rests upon the tuberculum sellae 
of the sphenoid bone and on the diaphragma 
sellae of the dura. It is continuous superiorly 
with the lamina terminalis, and posteriorly, 
with the tuber cinereum and the infundibu- 
lum of the hypophysis. Lateral to the optic 
chiasma, on each side, are the anterior perfo- 
rated substance and the internal carotid ar- 
Lery. 


Optic Tract 


The optic tract leaves the chiasma and 
diverges from its fellow of the opposite side 
until it reaches the cerebral peduncle, where 
it winds obliquely across the undersurface. 
It is adjacent to the tuber cinereum and pe- 
duncle, thus having contact with the third 
ventricle. As it terminates, a shallow groove 
divides it into a medial and lateral root. The 
lateral root contains fibers of visual function 
and ends in the lateral geniculate body. The 
medial root carries fibers that decussate 
(commissure of Gudden! and probably other 
nonvisual commissures, those of Meynert? 
and Darkschewitsch?). 

The fibers lying medially in the optic 
nerve cross in the chiasma and continue in 
the optic tract of the other side. The lateral 
fibers are uncrossed and continue to the 
brain in the optic tract of the same side. The 


‘Bernhard Aloys von Gudden (1824-1886): A Swiss pro- 
fessor of psychiatry (Zurich). 

“Theodor Herman Meynert (1833-1892): An Austrian 
professor of neurology and psychiatry (Vienna). 
3Liverij Osipovich Darkschewitsch (1858-1925): A Rus- 
sian neurologist (St. Petersburg). 
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fibers from the two sides become intermin- 
gled in the tract. 

The optic nerve corresponds to a tract of 
fibers within the brain rather than to the 
other cranial nerves because of its embryo- 
logic development and its structure. It devel- 
ops from a diverticulum of the lateral aspect 
of the forebrain; its fibers probably are third 
in the chain of neurons from the receptors to 
the brain. The fibers are supported by neu- 
roglia instead of neurilemmal sheaths, and 
the nerve has three sheaths prolonged from 
the corresponding meninges of the brain (see 
Chapter 193). 


lit. OCULOMOTOR NERVE 


The oculomotor nerve (Figs. 12-6; 12-7) 
supplies the levator palpebrae superioris 
muscle, the extrinsic muscles of the eye ex- 
cept the obliquus superior and rectus lat- 
eralis, and the intrinsic muscles with the 
exception of the dilator pupillae. Its super- 
ficial origin is from the midbrain at the ocu- 
lomotor sulcus on the medial side of the cer- 
ebral peduncle. Its deep origin and central 
connections within the brain are described 
in Chapter 11. The oculomotor nerve is tra- 
ditionally considered a motor nerve, con- 
taining special somatic efferent fibers for the 
ocular muscles and parasympathetic fibers 
for the ciliary ganglion, but experimental 
evidence indicates that it contains proprio- 
ceptive fibers from cells in the brain stem 
near the motor cells (Corbin and Oliver, 
1942). 

As it emerges from the brain into the pos- 
terior cranial fossa, the nerve is invested 
with pia mater, and is bathed in the cerebro- 
spinal fluid of the cisterna interpeduncularis 
(basalis). It passes between the superior cer- 
ebellar and posterior cerebral arteries near 
the termination of the basilar artery. It is cov- 
ered with arachnoid lateral to the posterior 
clinoid process, and between the anterior 
and posterior clinoid processes it pierces the 
dura (Fig. 12-1) by passing between the free 
and attached borders of the tentorium cere- 
belli. It runs anteriorly, embedded in the lat- 
eral wall of the cavernous sinus (Fig. 12-13), 
superior to the other orbital nerves. It enters 
the superior orbital fissure between the two 
heads of the rectus lateralis (Fig. 12-4) in two 
divisions, a superior and an inferior. Within 
the fissure, the trochlear, lacrimal, and fron- 
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Fig. 12-4. Dissection showing origins of right ocular muscles, and nerves entering through the superior orbital fissure. 


tal nerves lie superior to it, the abducent 
nerve lies inferior and lateral to it, and the 
nasociliary nerve passes between its two 
divisions. 

Two communications join the oculomotor 
nerve as it runs along the wall of the cavern- 
ous sinus: (1) one from the cavernous plexus 
of the sympathetic system, carrying postgan- 
glionic fibers from the superior cervical gan- 
glion; and (2) one from the ophthalmic divi- 
sion of the trigeminal nerve. 

The superior division (Fig. 12-6), smaller 
than the inferior, passes medialward across 
the optic nerve and sends branches to the 
rectus superior and the levator palpebrae 
superioris muscles. The branch to the leva- 
tor contains sympathetic postganglionic fi- 
bers from the cavernous plexus, which con- 
tinue anteriorly to reach the nonstriated 
muscle attached to the superior tarsus. 

The inferior division has four branches: to 
the rectus medialis, passing inferior to the 
optic nerve; to the rectus inferior; and to the 
obliquus inferior. The latter runs forward 
between the inferior and lateral recti mus- 
cles and gives off a short, rather thick 
branch, the root of the ciliary ganglion. 

CILIARY GANGLION. The ciliary ganglion 
(ophthalmic or lenticular ganglion) (Figs. 
12-5; 12-6) is a small parasympathetic gan- 


glion (1 or 2 mm in diameter) whose pregan- 
glionic fibers come from the oculomotor 
nerve and whose postganglionic fibers carry 
motor impulses to the ciliaris and sphincter 
pupillae muscles. It is situated about 1 cm 
from the posterior boundary of the orbit, 
close to the lateral surface of the optic nerve 
and between it and the rectus lateralis mus- 
cle and the ophthalmic artery. 

The parasympathetic motor root (radix 
oculomotorii; short root) of the ganglion is a 
rather short, thick nerve, which may be dou- 
ble. It comes from the branch of the inferior 
division of the oculomotor nerve that sup- 
plies the obliquus inferior and is connected 
with the posterior inferior angle of the gan- 
glion. It contains preganglionic parasympa- 
thetic fibers from the Edinger-Westphal 
group of cells of the third nerve nucleus, 
which form synapses in the ganglion with 
cells whose postganglionic fibers pass 
through the short ciliary nerves into the 
bulb. 

Two communications were formerly called 
roots of the ganglion: (1) a communication 
with the nasociliary nerve (Jong root; sen- 
sory root) joins the posterior superior angle 
of the ganglion; it contains sensory fibers 
that traverse the short ciliary nerves on their 
way from the cornea, iris, and ciliary body, 
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without forming synapses in the ganglion; 
(2) a communication with the sympathetic 
system (sympathetic root) that is a slender 
filament from the cavernous plexus which 
frequently blends with the communication 
with the nasociliary nerve. It contains post- 
ganglionic fibers from the superior cervical 
ganglion that pass through the ciliary gan- 
glion without forming synapses and reach 
the dilator pupillae muscle and the blood 
vessels of the bulb through the short ciliary 
nerves. 

The branches of the ganglion are the short 
ciliary nerves, which are six to ten delicate 
filaments that leave the anterior part of the 
ganglion in two bundles, superior and infe- 
rior. They run anteriorly with the ciliary ar- 
teries in a wavy course, one set above and 
the other below the optic nerve, and they are 
accompanied by the long ciliary nerves from 
the nasociliary. They pierce the sclera at the 
posterior part of the bulb, pass anteriorly in 
delicate grooves on the inner surface of the 
sclera, and are distributed to the ciliary body, 
iris, and cornea. The parasympathetic post- 
ganglionic fibers supply the ciliaris and 
sphincter pupillae muscles. The short ciliary 
nerves also carry sympathetic postgangli- 
onic fibers to the dilator pupillae muscle, 
and sensory fibers from the cornea, iris, and 
ciliary body. 


IV. TROCHLEAR NERVE 


The trochlear nerve (Fig. 12-7) is the small- 
est of the cranial nerves and supplies the 
obliquus superior oculi muscle. Its superfi- 
cial origin is from the surface of the anterior 
medullary velum at the side of the frenulum 
veli, immediately posterior to the inferior 
colliculus. Its deep origin and central con- 
nections are described in Chapter 11. 

The nerve is directed laterally across the 
superior cerebellar peduncle, and it winds 
around the cerebral peduncle near the pons. 
It runs anteriorly along the free border of the 
tentorium cerebelli for 1 or 2 cm (Fig. 12-1), 
pierces the dura just posterior to the poste- 
rior clinoid process, and without changing 
the direction of its course, takes its place in 
the lateral wall of the cavernous sinus (Fig. 
12-13) between the oculomotor nerve and 
the ophthalmic division of the trigeminal 
nerve, to which it becomes firmly attached 
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by connective tissue. It crosses the oculomo- 
tor r.erve in a slightly upward course, enters 
the orbit through the superior orbital fissure, 
and becomes superior to the other nerves. In 
the orbit it passes medialward, above the 
origin of the levator palpebrae superioris 
(Fig. 12-4), and finally enters the orbital sur- 
face of the obliquus superior. 

In the lateral wall of the cavernous sinus 
the trochlear nerve forms communications 
with the cavernous plexus of the sympa- 
thetic and with the ophthalmic division of 
the trigeminal nerve. 


VARIATIONS. Occasionally sensory branches ap- 
pear to come from the trochlear nerve, but they are 
probably aberrant fibers that have come from the 
ophthalmic nerve. 


V. TRIGEMINAL NERVE 


The trigeminal nerve is the largest of the 
cranial nerves. It is the great cutaneous sen- 
sory nerve of the face, the sensory nerve to 
the mucous membranes and other internal 
structures of the head, and the motor nerve 
of the muscles of mastication. 


Roots 


The trigeminal nerve traditionally has two 
roots, a larger sensory root and a smaller 
motor root (Fig. 12-6). Investigations have 
also revealed a third or intermediate root. 

The sensory root is composed of a large 
number of fine bundles in close association 
with each other that enter the pons through 
the lateral part of its ventral surface. The 
nerve fibers in the sensory root are the cen- 
tral processes of the ganglion cells in the tri- 
geminal (semilunar) ganglion. 

The motor root emerges in several bundles 
from the surface of the pons approximately 
2 to 5mm medial and anterior (rostral) to the 
sensory root. In addition to the motor fibers, 
the motor root includes proprioceptive sen- 
sory fibers from the mesencephalic central 
nucleus of the nerve (Corbin and Harrison, 
1940). 

The intermediate root, composed of one or 
more bundles, has an origin from the surface 
of the pons quite distinct from that of the 
other two roots (Jannetta and Rand, 1966). 
The bundles arise between the motor and 
sensory roots and are separated from them 
by 1 to 5mm (Vidic and Stephanos, 1969). 
The internal fiber connections, function, and 
surgical importance of this root are not yet 
explained. 

The three roots pass anteriorly in the pos- 
terior cranial fossa, under the shadow of the 
tentorium where the latter is attached to the 
petrous portion of the temporal bone, to the 
trigeminal ganglion. The -deep origin and 
central connections of these roots are de- 
scribed in Chapter 11. 


Trigeminal Ganglion 


The trigeminal ganglion (ganglion semi- 
lunare; Gasserian ganglion’) (Fig. 12-8) lies in 
a pocket of dura mater (cavum Meckelii’) 
that occupies the trigeminal impression near 
the apex of the petrous portion of the tempo- 
ral bone (Burr and Robinson, 1925). The gan- 
glionic mass is flat and has a semilunar 
shape; it is approximately 1cm x 2 cm (Fig. 
12-8). The central processes of the cells leave 
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the concavity and the peripheral fibers leave 
the convexity of the crescent. 

The ganglion is lateral to the posterior part 
of the cavernous sinus and the internal ca- 
rotid artery at the foramen lacerum, and the 
central fibers pass inferior to the superior 
petrosal sinus. The motor root, being medial 
to the sensory, passes beneath the ganglion 
(that is, between it and the petrous bone), 
and leaves the skull through the foramen 
ovale with the mandibular nerve. The 
greater petrosal nerve also passes between 
the ganglion and the bone. The ganglion re- 
ceives filaments from the carotid plexus of 
the sympathetic system, and it gives off min- 
ute branches to the tentorium cerebelli and 
to the dura mater of the middle cranial fossa. 

The peripheral fibers from the ganglion 
are collected into three large divisions: (1) 
the ophthalmic, (2) the maxillary, and (3) the 
mandibular nerves. The ophthalmic and 
maxillary nerves remain sensory, but the 
mandibular nerve becomes mixed, being 
joined by the motor root just outside the 
skull. 

Four small ganglia are associated with 
these nerves: the ciliary ganglion with the 
ophthalmic, the pterygopalatine with the 
maxillary, and the otic and submandibular 
with the mandibular. These ganglia are not a 
part of the trigeminal complex functionally, 
however, and the trigeminal fibers that com- 
municate with them pass through without 
synapses. The ganglia are parasympathetic 
and are therefore described with the nerves 
that supply their motor roots with pregangli- 
onic fibers (viz., the ciliary ganglion with the 
oculomotor nerve, the pterygopalatine and 
submandibular ganglia with the facial nerve, 
and the otic ganglion with the glossopharyn- 
geal nerve. 


Ophthalmic Nerve 


The ophthalmic nerve (Figs. 12-6; 12-7), or 
first division of the trigeminal, leaves the 
anterior superior part of the trigeminal gan- 
glion and enters the orbit through the supe- 
rior orbital fissure. It is a flat band about 
2.5 cm long and lies in the lateral wall of the 
Cavernous sinus, inferior to the oculomotor 
and trochlear nerves (Fig. 12-13). It is a sen- 
sory nerve, supplying the bulb of the eye, 
conjunctiva, lacrimal gland, part of the mu- 
cous membrane of the nose and paranasal 
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sinuses, and the skin of the forehead, eye- 
lids, and nose. 

The ophthalmic nerve is joined by com- 
municating sympathetic filaments from the 
cavernous plexus and communicates with 
the oculomotor, trochlear, and abducent 
nerves. It gives off a recurrent filament to the 
dura mater, and just before it passes through 
the superior orbital fissure it divides into 
three other branches: frontal, lacrimal, and 
nasociliary. 


BRANCHES AND COMMUNICATIONS 
OF OPHTHALMIC NERVE 


Tentorial Branch 


The tentorial branch (Fig. 12-7, recurrent 
filament) arises near the ganglion, passes 
across and adheres to the trochlear nerve, 
and runs between the layers of the tento- 
rium, to which it is distributed. 


Lacrimal Nerve 


The lacrimal nerve (Fig. 12-7) is the small- 
est of the three branches of the ophthalmic 
nerve. It passes anteriorly in a separate tube 
of dura mater, and enters the orbit through 
the narrowest part of the superior orbital fis- 
sure. In the orbit it runs along the superior 
border of the rectus lateralis muscle close to 
the periorbita, and enters the lacrimal gland 
with the lacrimal artery, giving off filaments 
to supply the gland and adjacent conjunc- 
tiva. Finally, it pierces the orbital septum 
and ends in the skin of the upper eyelid, 
joining with filaments of the facial nerve. 

In the orbit. through a communication 
with the zygomatic branch of the maxillary 
nerve (Figs. 12-6; 12-8), it receives postgangli- 
onic parasympathetic fibers, which are the 
secretomotor fibers for the lacrimal gland. 
These fibers pass from their cells of origin in 
the pterygopalatine ganglion through the 
pterygopalatine nerves to the maxillary 
nerve, then along the zygomatic and zygo- 
maticotemporal nerves, finally traversing 
the communication just mentioned and being 
distributed with the branches of the lacrimal 
nerve to the gland. The preganglionic fibers 
reach the ganglion from the facial nerve by 
way of the greater petrosal nerve. 


VARIATIONS. The lacrimal nerve is occasionally 
absent, and its place is then taken by the zygo- 
maticotemporal branch of the maxillary nerve. 
Sometimes the latter is absent and a communication 
of the lacrimal is substituted for it. 


Frontal Nerve 


The frontal nerve (Fig. 12-7) is the largest 
branch of the ophthalmic nerve, and may be 
regarded, both from its size and direction, as 
the continuation of the nerve. It enters the 
orbit through the superior orbital fissure, 
continues rostrally between the levator 
palpebrae superioris and the periorbita, and 
at a variable distance approximately half- 
way to the supraorbital margin, it divides 
into a large supraorbital and a small supra- 
trochlear branch. 

SUPRATROCHLEAR NERVE. The supratroch- 
lear nerve (Fig. 12-7) bends medially to pass 
superior to the pulley of the obliquus supe- 
rior muscle and gives off a filament that 
communicates with the infratrochlear branch 
of the nasociliary nerve. It pierces the orbital 
fascia, sends filaments to the conjunctiva 
and skin of the medial part of the upper lid, 
passes deep to the corrugator and frontalis 
muscles, and divides into branches that 
pierce the muscles to supply the skin of the 
lower and mesial part of the forehead (Fig. 
12-10). 

SUPRAORBITAL NERVE. The supraorbital 
nerve (Fig. 12-7), the continuation of the 
frontal nerve, leaves the orbit through the 
supraorbital notch or foramen. It gives fila- 
ments to the upper lid and continues upon 
the forehead, dividing into medial and lat- 
eral branches beneath the frontalis muscle 
(Fig. 12-10). The medial branch, sometimes 
called the frontal branch, is smaller; it 
pierces the muscle and supplies the scalp as 
far as the parietal bone. The larger lateral 
branch pierces the galea aponeurotica and 
supplies the scalp nearly as far back as the 
lambdoidal suture (Fig. 12-18). The supraor- 
bital nerve may divide before leaving the 
orbit, in which case the lateral branch occu- 
pies the supraorbital notch or foramen and 
the medial or frontal branch may have a 
notch of its own. 

FRONTAL SINUS BRANCH. In the supraor- 
bital notch, a small filament pierces the bone 
to supply the mucous membrane of the fron- 
tal sinus. 


Nasociliary Nerve 


The nasociliary nerve (Fig. 12-7) is inter- 
mediate in size between the frontal and lac- 
rimal nerves and is more deeply placed in 
the orbit. It enters the orbit between the two 
heads of the rectus lateralis muscle, and be- 
tween the superior and inferior divisions of 
the oculomotor nerve. It passes across the 
optic nerve and runs obliquely inferior to 
the rectus superior and obliquus superior 
muscles to the medial wall of the orbital cav- 
ity. Here it passes through the anterior eth- 
moidal foramen as the anterior ethmoidal 
nerve and enters the cranial cavity just supe- 
rior to the cribriform plate of the ethmoid 
bone. It runs along a shallow groove on the 
lateral margin of the plate, and penetrating 
the bone through a slit at the side of the 
crista galli, it enters the nasal cavity. It sup- 
plies branches to the mucous membrane of 
the nasal cavity (Figs. 12-2; 12-12). Finally, it 
emerges between the inferior border of the 
nasal bone and the lateral nasal cartilage as 
the external nasal branch. 

BRANCHES OF THE NASOCILIARY NERVE. The 
communication with the ciliary ganglion 
(long or sensory root of the ganglion) (Fig. 
12-6) usually arises from the nasociliary 
nerve between the two heads of the rectus 
lateralis muscle. It runs anteriorly on the lat- 
eral side of the optic nerve and enters the 
posterior superior angle of the ciliary gan- 
glion. It contains sensory fibers that pass 
through the ganglion without synapses and 
continue on into the bulb by way of the 
short ciliary nerves. It is sometimes joined 
by a filament from the cavernous plexus of 
sympathetic fibers or from the superior 
ramus of the oculomotor nerve. The ciliary 
ganglion is described with the oculomotor 
nerve. 

Two or three long ciliary nerves are given 
off from the nasociliary nerve as it crosses 
the optic nerve. They accompany the short 
ciliary nerves from the ciliary ganglion, 
pierce the posterior part of the sclera, and 
running anteriorly between it and the cho- 
roid, are distributed to the iris and cornea. In 
addition to afferent fibers, the long ciliary 
nerves probably contain sympathetic fibers 
from the superior cervical ganglion to the 
dilator pupillae muscle, which passes 
through the communication between the 
cavernous plexus and the ophthalmic nerve. 
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The infratrochlear nerve (Fig. 12-7) is 
given off from the nasociliary nerve just be- 
fore it enters the anterior ethmoidal fora- 
men. It runs anteriorly along the superior 
border of the rectus medialis muscle and is 
joined near the pulley of the obliquus supe- 
rior by a filament from the supratrochlear 
nerve. It then passes to the medial angle of 
the eye and supplies the skin of the eyelids 
and side of the nose, the conjunctiva, the lac- 
rimal sac, and the caruncula lacrimalis (Fig. 
12-10). 

The ethmoidal branches supply the mu- 
cous membrane of the sinuses. The posterior 
ethmoidal nerve leaves the orbit through the 
posterior ethmoidal foramen and supplies 
the posterior ethmoidal and the sphenoidal 
sinuses. The anterior ethmoidal branches 
are filaments that are given off as the nerve 
passes through the anterior ethmoidal fora- 
men; they supply the anterior ethmoidal and 
frontal sinuses. 

The internal nasal branches supply the 
mucous membrane of the anterior part of the 
septum and lateral wall of the nasal cavity 
(ties 12-2; 12-12). 

The external nasal branch emerges be- 
tween the nasal bone and the lateral nasal 
cartilage, passes deep to the nasalis muscle, 
and supplies the skin of the ala and the apex 
of the nose (Fig. 12-8). 


Maxillary Nerve 


The maxillary nerve (superior maxillary 
nerve) (Fig. 12-8), or second division of the 
trigeminal, arises from the middle of the tri- 
geminal ganglion. It is intermediate between 
the other two divisions in size and position, 
and like the ophthalmic nerve, it is entirely 
sensory. It supplies the skin of the middle 
portion of the face, lower eyelid, side of the 
nose, and the upper lip (Fig. 12-10); the mu- 
cous membrane of the nasopharynx, maxil- 
lary sinus, soft palate, tonsil and roof of the 
mouth; and the upper gums and teeth. It 
passes horizontally rostralward, at first in 
the inferior part of the lateral wall of the 
cavernous sinus and then beneath the dura 
to the foramen rotundum, through which it 
leaves the cranial cavity. From the foramen 
rotundum, it crosses the pterygopalatine 
fossa, inclines lateralward in a groove on the 
posterior surface of the maxilla, and enters 
the orbit through the inferior orbital fissure. 
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Fic. 12-8. Distribution of the maxillary and mandibular nerves, and the submandibular ganglion. 


In the posterior part of the orbit it becomes 
the infraorbital nerve, lies in the infraorbital 
groove, and, continuing rostralward, dips 
into the infraorbital canal. [t emerges into 
the face through the infraorbital foramen, 
where it is deep to the levator labii superioris, 
and divides into branches for the skin of the 
face, nose, lower eyelid, and upper lip. 

The branches of the maxillary nerve may 
be divided into four groups, those given off: 
(1) in the cranium, (2) in the pterygopalatine 
fossa, (3) in the infraorbital canal, and (4) in 
the face. 


BRANCHES IN THE CRANIUM 


The middle meningeal nerve (meningeal 
or dural branch) is given off from the maxil- 
lary nerve directly after its origin from the 
trigeminal (semilunar) ganglion; it accompa- 
nies the middle meningeal artery and sup- 
plies the dura mater. 


BRANCHES IN THE PTERYGOPALATINE FOSSA 


Zygomatic Nerve 


The zygomatic nerve (temporomalar nerve; 
orbital nerve) (Fig. 12-6) arises in the pterygopa- 
latine fossa, enters the orbit by the inferior 
orbital fissure, and divides into two branches, 
zygomaticotemporal and zygomaticofacial. 

ZYGOMATICOTEMPORAL BRANCH. The zygo- 
maticotemporal branch runs along the lat- 
eral wall of the orbit in a groove in the zygo- 
matic bone, and passing through a small 
foramen or through the sphenozygomatic 
suture, enters the temporal fossa. It runs 
upward between the bone and substance of 
the temporalis muscle, pierces the temporal 
fascia about 2.5cm above the zygomatic 
arch, is distributed to the skin of the side of 
the forehead, and communicates with the 
facial nerve and with the auriculotemporal 
branch of the mandibular nerve. As_ it 


pierces the temporal fascia, it gives off a 
slender twig, which runs between the two 
layers of the fascia to the lateral side of the 
orbit (Fig. 12-18). 

Before it leaves the orbit, it sends a com- 
munication to the lacrimal nerve through 
which the postganglionic parasympathetic 
fibers from the pterygopalatine ganglion 
reach the lacrimal gland (Fig. 12-8). 

ZYGOMATICOFACIAL BRANCH. The zygomati- 
cofacial branch (malar branch) passes along 
the inferior lateral angle of the orbit, through 
the zygomatic bone by way of the zygomat- 
icoOrbital and zygomaticofacial foramina, 
emerges upon the face, and perforating the 
orbicularis oculi muscle, supplies the skin 
on the prominence of the cheek. It joins with 
the facial nerve and with the inferior palpe- 
bral branches of the infraorbital nerve (Fig. 
12-18). 


VARIATIONS. The two branches vary in size, a 
deficiency in one being made up by the other or by 
the lacrimal or infraorbital nerves. 


Pterygopalatine Nerves 


The pterygopalatine nerves (sphenopala- 
tine nerves) (Figs. 12-8; 12-9) are two short 
trunks that unite at the pterygopalatine gan- 
glion and then are redistributed into branches. 
Formerly these trunks were called the sensory 
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roots of the ganglion, and their peripheral 
branches were listed as the branches of dis- 
tribution of the ganglion. Since most fibers 
in the trunks are trigeminal somatic afferents 
that merely pass beside or through the gan- 
glion without synapses, the branches are 
listed here as belonging to the maxillary 
nerve rather than the ganglion. The ganglion 
is described with the facial nerve. 

The pterygopalatine nerves serve also as 
important functional communications be- 
tween the ganglion and the maxillary nerve. 
Postganglionic parasympathetic secretomo- 
tor fibers from the ganglion pass through 
them and back along the main maxillary 
nerve to the zygomatic nerve, through which 
they are routed to the lacrimal nerve and 
lacrimal gland. Other fibers from the gan- 
glion accompany the branches of distribu- 
tion of the maxillary nerve to the glands of 
the nasal cavity and palate. 

The branches of distribution from the 
pterygopalatine nerves are divisible into 
four groups: (1) orbital, (2) palatine, (3) poste- 
rior superior nasal, and (4) pharyngeal. 

ORBITAL BRANCHES. The orbital branches 
(ascending branches) are two or three deli- 
cate filaments that enter the orbit by the in- 
ferior orbital fissure and supply the perios- 
teum. Filaments pass through foramina in 
the frontoethmoidal suture to supply the 
mucous membrane of the posterior ethmoi- 
dal and sphenoidal sinuses. 
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Fic. 12-9. The pterygopalatine ganglion and nasal and palatine nerves. 
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GREATER PALATINE NERVE. The greater pal- 
aline nerve (anterior palatine nerve; de- 
scending branch) (Figs. 12-9; 12-12) passes 
through the pterygopalatine canal, emerges 
upon the hard palate through the greater pal- 
atine foramen, and divides into several 
branches, the longest of which passes anteri- 
orly in a groove in the hard palate nearly as 
far as the incisor teeth. It supplies the gums 
and mucous membrane of the hard palate 
and adjacent parts of the soft palate, and 
communicates with the terminal filaments of 
the nasopalatine nerve. 

Posterior Inferior Nasal Branches. These 
branches leave the nerve while it is in the 
canal, enter the nasal cavity through open- 
ings in the palatine bone, and ramify over 
the inferior nasal concha and middle and 
inferior meatuses. 

Lesser Palatine Nerves. These nerves 
(Fig. 12-9) emerge through the lesser palatine 
foramina and distribute branches to the soft 
palate, uvula, and tonsil. They join with the 
tonsillar branches of the glossopharyngeal 
nerve to form a plexus around the tonsil (cir- 
culus tonsillaris). Many of the somatic affer- 
ent fibers contained in the lesser palatine 
nerves belong to the facial nerve, have their 
cells in the geniculate ganglion, and traverse 
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the greater petrosal nerve and the nerve of 
the pterygoid canal (Vidian' nerve). 

POSTERIOR SUPERIOR NASAL BRANCHES. The 
posterior superior nasal branches enter the 
posterior part of the nasal cavity by the 
sphenopalatine foramen and supply the 
mucous membrane covering the superior 
and middle conchae, the lining of the poste- 
rior ethmoid sinuses, and the posterior part 
of the septum. One branch, longer and larger 
than the others, and named the nasopala- 
tine nerve, passes across the roof of the na- 
sal cavity inferior to the ostium of the sphe- 
noidal sinus to reach the septum. It runs 
obliquely forward and downward, lying 
between the mucous membrane and perios- 
teum of the septum, to the incisive canal 
(Fig. 12-2). It passes through the canal and 
communicates with the corresponding nerve 
of the opposite side and with the greater 
palatine nerve. 

PHARYNGEAL BRANCH. The _ pharyngeal 
branch (pterygopalatine nerve) (Fig. 12-9) 
leaves the posterior part of the pterygopala- 
tine ganglion. It passes through the pharyn- 


1Vidus Vidius (Guido Guidi, 1500-1569): An Italian phy- 
sician and professor of medicine (Pisa). 
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Fic. 12-10. Sensory areas of the head, showing the general distribution of the three divisions of the fifth nerve. 


(Modified from Testut.) 


geal canal with the pharyngeal branch of the 
maxillary artery, and is distributed to the 
mucous membrane of the nasal part of the 
pharynx posterior to the auditory tube. 


Posterior Superior Alveolar Branches 


The posterior superior alveolar branches 
(posterior superior dental branches) (Fig. 
12-8) arise from the trunk of the nerve just 
before it enters the infraorbital groove; there 
are generally two, but sometimes they arise 
by a single trunk. They cross the tuberosity 
of the maxilla and give off several twigs to 
the gums and neighboring parts of the mu- 
cous membrane of the cheek. They then 
enter the posterior alveolar canals on the 
infratemporal surface of the maxilla, and 
passing anteriorly in the substance of the 
bone, communicate with the middle supe- 
rior alveolar nerve. They give off branches to 
the lining membrane of the maxillary sinus 
and three twigs to each molar tooth; these 
twigs enter the foramina at the apices of the 
roots of the teeth. 


BRANCHES IN INFRAORBITAL CANAL 


MIDDLE SUPERIOR ALVEOLAR BRANCH. ‘The 
middle superior alveolar branch (middle 
superior dental branch) is given off from 
the nerve in the posterior part of the infraor- 
bital canal, and runs downward and forward 
in a canal in the lateral wall of the maxil- 
lary sinus to supply the two premolar teeth. 
It forms a superior dental plexus with the 
anterior and posterior superior alveolar 
branches. 

ANTERIOR SUPERIOR ALVEOLAR BRANCH. ‘The 
large anterior superior alveolar branch (an- 
terior superior dental branch) (Fig. 12-8) is 
given off from the nerve just before its exit 
from the infraorbital foramen; it courses in a 
canal in the anterior wall of the maxillary 
sinus, and divides into branches that supply 
the incisor and canine teeth. It communi- 
cates with the middle superior alveolar 
branch and gives off a nasal branch, which 
passes through a minute canal in the lateral 
wall of the inferior meatus and supplies 
the mucous membrane of the anterior part 
of the inferior meatus and the floor of the 
nasal cavity, communicating with the nasal 
branches from the pterygopalatine nerves. 

The infraorbital nerve emerges through 
the infraorbital foramen and supplies the 
branches to the face (Fig. 12-10). 
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BRANCHES IN THE FACE 


INFERIOR PALPEBRAL BRANCHES. ‘The infe- 
rior palpebral branches (Fig. 12-8) pass supe- 
riorly, deep to the orbicularis oculi muscle. 
They supply the skin and conjunctiva of the 
lower eyelid, joining at the lateral angle of 
the orbit with the facial and zygomaticofacial 
nerves. 

EXTERNAL NASAL BRANCHES. ‘The external 
nasal branches (Fig. 12-8) supply the skin of 
the side of the nose and of the septum mo- 
bile nasi. They join with the terminal twigs 
of the nasociliary nerve. 

SUPERIOR LABIAL BRANCHES. ‘The superior 
labial branches (Fig. 12-8), the largest and 
most numerous, pass deep to the levator 
labii superioris muscle and are distributed to 
the skin of the upper lip, to the mucous 
membrane of the mouth, and to the labial 
glands. They communicate immediately in- 
ferior to the orbit with filaments from the 
facial nerve, forming with them the infraor- 
bital plexus. 


Mandibular Nerve 


The mandibular nerve (inferior maxillary 
nerve) (Figs. 12-8; 12-11; 12-12), or third and 
largest division of the trigeminal, is a mixed 
nerve and has two roots: a large sensory root 
arising from the inferior angle of the trigemi- 
nal ganglion, and a small motor root (the 
entire motor root of the trigeminal nerve). 
The sensory fibers supply the skin of the 
temporal region, auricula, external meatus, 
cheek, lower lip, and lower part of the face; 
the mucous membrane of the cheek, tongue, 
and mastoid air cells; the lower teeth and 
gums; the mandible and temporomandibular 
joint; and part of the dura mater and skull. 
The motor fibers supply the muscles of mas- 
tication (masseter, temporalis, pterygoid), 
the mylohyoid and anterior belly of the di- 
gastric, and the tensores tympani and veli 
palatini. The two roots leave the middle cra- 
nial fossa through the foramen ovale, the 
motor part medial to the sensory, and unite 
just outside the skull. The main trunk thus 
formed is short, 2 or 3 mm, and divides into a 
smaller anterior and a larger posterior divi- 
sion. The otic ganglion lies close against the 
medial surface of the nerve, just outside the 
foramen ovale where the two roots fuse, and 
it surrounds the origin of the medial ptery- 
goid nerve (Fig. 12-20). 

A communication to the otic ganglion 
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from the internal pterygoid nerve was for- 
merly called a root of the ganglion, but the 
fibers pass through without synapses. 


VARIATIONS. The two divisions are separated by a 
fibrous band, the pterygospinous ligament, which 
may become ossified, and the anterior division then 
passes through a separate opening in the bone, the 
pterygospinous foramen (foramen of Civinini?). 


The branches of the main trunk of the 
nerve are the meningeal branch, the medial 
pterygoid nerve, the anterior trunk, and the 
posterior trunk. 


MENINGEAL BRANCH 


The meningeal branch (nervus spinosus, 
recurrent branch) enters the skull through 
the foramen spinosum with the middle men- 
ingeal artery. It divides into two branches, 


‘Filippo Civinini (1805-1844); An Italian anatomist 
(Pisa). 


Mandibular division of the trigeminal nerve. 


which accompany the anterior and posterior 
divisions of the artery and supply the dura 
mater. The anterior branch communicates 
with the meningeal branch of the maxillary 
nerve; the posterior sends filaments to the 
mucous membrane of the mastoid air cells. 


MEDIAL PTERYGOID NERVE 


The medial pterygoid nerve (Fig. 12-20) is 
a slender branch that penetrates the otic 
ganglion and, after a short course, enters the 
deep surface of the muscle. It has two small 
branches that have a close association with 
the otic ganglion and have been described as 
branches of the ganglion, but their fibers 
pass through the ganglion without interrup- 
tion. These are the nerve to the tensor vell 
palatini (Fig. 12-9), which enters the muscle 
near its origin, and the nerve to the tensor 
tympani, which lies close to and nearly par- 
allel with the lesser superficial petrosal 
nerve and penetrates the cartilage of the 
auditory tube to supply the muscle. 


ANTERIOR TRUNK 


The anterior division of the mandibular 
nerve (Fig. 12-8) receives a small contribu- 
tion of sensory fibers and all of the motor 
fibers from the motor root except those in 
the medial pterygoid and mylohyoid nerves. 
The following branches supply the muscles 
of mastication and the skin and mucous 
membrane of the cheek. 

MASSETERIC NERVE. The masseteric nerve 
(Fig. 12-11) passes lateralward, above the 
lateral pterygoid, to the mandibular notch, 
which it crosses with the masseteric artery 
to enter the masseter muscle near its origin 
from the zygomatic arch. It gives a filament 
to the temporomandibular joint. 

DEEP TEMPORAL NERVES. The deep tempo- 
ral nerves (Fig. 12-11) are usually two, ante- 
rior and posterior, but a third or interme- 
diate may be present. The anterior deep 
temporal frequently is given off from the 
buccal nerve; it emerges with the latter be- 
tween the two heads of the lateral pterygoid 
muscle and turns superiorly into the anterior 
portion of the temporalis muscle. The poste- 
rior deep temporal nerve, and the intermedi- 
ate nerve if present, pass over the superior 
border of the lateral pterygoid close to the 
bone of the temporal fossa and enter the 
deep surface of the muscle. The posterior 
branch sometimes arises in common with 
the masseteric nerve. 

LATERAL PTERYGOID NERVE. The lateral pter- 
ygoid nerve enters the deep surface of the 
muscle. It frequently arises in conjunction 
with the buccal nerve. 

BUCCAL NERVE. The buccal nerve (bucci- 
nator nerve; long buccal nerve) (Fig. 12-11) 
passes between the two heads of the lateral 
pterygoid muscle to reach its superficial sur- 
face; it follows or penetrates the inferior part 
of the temporalis muscle and emerges from 
under the anterior border of the masseter 
muscle. It ramifies on the surface of the buc- 
cinator muscle, forming a plexus of commu- 
nications with the buccal branches of the 
facial nerve; it supplies the skin of the cheek 
over this muscle and sends _ penetrating 
branches to supply the mucous membrane 
of the mouth and part of the gums in the 
same area. 


VARIATIONS. The buccal nerve may supply a 
branch to the lateral pterygoid as it passes through 
that muscle, and frequently it gives off the anterior 
deep temporal nerve. It may arise from the trigemi- 
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nal ganglion, passing through its own foramen; it 
may be a branch of the inferior alveolar nerve; or it 
may be replaced by a branch of the maxillary nerve. 


POSTERIOR TRUNK 


The posterior division of the mandibular 
nerve is mainly sensory, but it has a small 
motor component. The following are its 
branches. 

AURICULOTEMPORAL NERVE. The auriculo- 
temporal nerve (Fig. 12-8) generally arises by 
two roots that join after encircling the mid- 
dle meningeal artery close to the foramen 
spinosum. It runs posteriorly, deep to the lat- 
eral pterygoid muscle, along the medial side 
of the neck of the mandible, and it turns su- 
periorly with the superficial temporal artery, 
between the auricula and the condyle of the 
mandible, under cover of the parotid gland. 
Escaping from beneath the gland, it passes 
over the root of the zygomatic arch and di- 
vides into superficial temporal branches 
(Fig. 12-18). The branches and communica- 
tions of the auriculotemporal nerve are sev- 
eral. 

The communications with the facial nerve 
(Fig. 12-11), usually two large communiCa- 
tions, pass anteriorly from behind the neck 
of the mandible and join the facial nerve in 
the substance of the parotid gland at the pos- 
terior border of the masseter muscle. They 
carry sensory fibers that accompany the zy- 
gomatic, buccal, and mandibular branches 
of the facial nerve and supply the skin of 
these areas. 

Communications with the otic ganglion 
(Fig. 12-20) join the roots of the auriculo- 
temporal nerve close to their origin. They 
carry postganglionic parasympathetic fibers 
whose preganglionic fibers come from the 
glossopharyngeal nerve and supply the pa- 
rotid gland with secretomotor fibers. 

The anterior auricular branches (Fig. 12- 
11), usually two, supply the skin of the ante- 
rior superior part of the auricula, principally 
the helix and tragus. 

The two branches to the external acoustic 
meatus (Fig. 12-11) enter the meatus between 
its bony and cartilaginous portions and sup- 
ply the skin lining it; the upper one sends a 
filament to the tympanic membrane. 

The articular branches consist of one or 
two twigs that enter the posterior part of the 
temporomandibular joint. 

The parotid branches supply the parotid 
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gland, carrying the parasympathetic post- 
ganglionic fibers transmitted by the com- 
munication between the auriculotemporal 
nerve and the otic ganglion. 

The superficial temporal branches accom- 
pany the superficial temporal artery to the 
vertex of the skull; they supply the skin of 
the temporal region and communicate with 
the facial and zygomaticotemporal nerves. 

LINGUAL NERVE. The lingual nerve (Figs. 
12-8; 12-12: 12-36) is at first deep to the lateral 
pterygoid muscle, running parallel with the 
inferior alveolar nerve and lying medial and 
anterior to it. It is frequently joined to the 
inferior alveolar nerve by a branch that may 
cross the maxillary artery. The chorda tym- 
pani nerve joins it here also. The lingual 
nerve runs between the medial pterygoid 
muscle and the mandible, and then crosses 
obliquely over the superior constrictor of 
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the pharynx and the styloglossus to reach 
the side of the tongue. It passes between the 
hyoglossus and the deep part of the subman- 
dibular gland. Finally, crossing the lateral 
side of the submandibular duct, it runs along 
the undersurface of the tongue to its tip, 
lying immediately beneath the mucous mem- 
brane (Fig. 12-12). 

The chorda tympani (Figs. 12-8; 12-12), a 
branch of the facial nerve, joins the lingual 
nerve posteriorly at an acute angle, 1 or 2 cm 
from the foramen ovale. It carries special 
sensory fibers for taste and parasympathetic 
preganglionic fibers for the submandibular 
ganglion. 

The communications with the subman- 
dibular ganglion are usually two or more 
short nerves by which the ganglion seems to 
be suspended (Fig. 12-12). The proximal 
nerves carry the preganglionic parasympa- 
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Fig 12-12. Deep dissection of the region of the face viewed from its medial aspect, showing the pterygopalatine, otic, 
and submandibular ganglia and associated structures. (Redrawn from Tondury.) 


thetic fibers communicated to the lingual by 
the chorda tympani. The distal communica- 
tion contains postganglionic fibers for distri- 
bution to the sublingual gland. 

Communications with the hypoglossal 
nerve (Fig. 12-36) form a plexus at the ante- 
rior margin of the hyoglossus muscle. 

The branches of distribution supply the 
mucous membrane of the anterior two- 
thirds of the tongue, the adjacent mouth and 
gums, and the sublingual gland. The taste 
buds of the anterior two-thirds of the tongue 
are supplied by the fibers communicated 
through the chorda tympani. 

INFERIOR ALVEOLAR NERVE. The inferior al- 
veolar nerve (inferior dental nerve) (Fig. 
12-11) accompanies the inferior alveolar ar- 
tery, at first deep to the lateral pterygoid 
muscle and then between the sphenoman- 
dibular ligament and the ramus of the man- 
dible, to the mandibular foramen. It enters 
the mandibular canal through the foramen, 
and passes anteriorly within the bone as far 
as the mental foramen, where it divides into 
two terminal branches. 

The mylohyoid nerve (Fig. 12-8) leaves the 
inferior alveolar nerve just before it enters 
the mandibular foramen, and it continues 
inferiorly and anteriorly in a groove on the 
deep surface of the ramus of the mandible to 
reach the mylohyoid muscle. It supplies this 
muscle and crosses its superficial surface to 
reach the anterior belly of the digastric mus- 
cle (Fig. 12-8), which it also supplies. 

The dental branches form a plexus within 
the bone and supply the molar and premolar 
teeth. Filaments enter the pulp canal of each 
root through the apical foramen and supply 
the pulp of the tooth. 

The incisive branch is one of the terminal 
branches. It continues anteriorly within the 
bone, after the mental nerve separates from 
it, and forms a plexus that supplies the ca- 
nine and incisor teeth. 

The mental nerve (Fig. 12-11), the other 
terminal branch, emerges from the bone at 
the mental foramen and divides beneath the 
depressor anguli oris muscle into three 
branches: one is distributed to the skin of the 
chin; the other two, to the skin and mucous 
membrane of the lower lip. These branches 
communicate freely with branches of the 
facial nerve. 

The otic and submandibular ganglia, al- 
though closely associated with the mandibu- 
lar nerve, are not connected functionally, 
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and are described, therefore, with the nerves 
that supply them with preganglionic fibers: 
the otic ganglion with the glossopharyngeal 
nerve, and the submandibular with the fa- 
cial nerve. 


VARIATIONS. The inferior alveolar and lingual 
nerves may form a single trunk or they may have 
communications of variable size; the chorda tympani 
May appear to join the inferior alveolar nerve, with a 
later communication carrying the fibers to the lin- 
gual nerve. The inferior alveolar nerve is occasion- 
ally perforated by the maxillary artery. It may have 
accessory roots from other branches of the mandib- 
ular nerve or a separate root from the trigeminal 
ganglion. The mylohyoid nerve may communicate 
with the lingual nerve, and it has been described as 
sending filaments to the depressor anguli oris, the 
platysma, the submandibular gland, and the integu- 
ment below the chin. 

TRIGEMINAL NERVE PAIN (TIC DOULOUREUX). The 
trigeminal nerve is more frequently the seat of se- 
vere neuritic or neuralgic pain than any other nerve 
in the body. The pain of a localized infection or irrita- 
tion may be confined to that area, but commonly 
this is not the case. Involvement of an internal 
branch is likely to cause severe distress in a related 
cutaneous area by referred pain. As a general rule 
the diffusion of pain over the branches of the nerve 
is confined to one of the main divisions, although in 
severe cases it may radiate over the other main divi- 
SIONS. 

The commonest example of this condition is the 
neuralgia that is often associated with dental caries. 
Although the tooth itself may not appear to be pain- 
ful, the most distressing referred pains are experi- 
enced, which are relieved at once by treatment of 
the affected tooth. With the ophthalmic nerve, se- 
vere supraorbital pain is commonly associated with 
acute glaucoma or with frontal or ethmoidal sinusi- 
tis. Malignant growths or empyema of the maxillary 
Sinus and diseased conditions in the nasal cavity, as 
well as dental caries, may cause neuralgia of the sec- 
ond division. Pain in the mandibular division is likely 
to occur in the ear or other distribution of the auricu- 
lotemporal nerve, although the actual disease may 
involve one of the lower teeth or the tongue. 

When a focus of infection or irritation cannot be 
found, as is all too frequently the case, various 
measures may be taken to interrupt the pain fibers. 
Local injection of alcoho! into the painful nerve may 
give temporary relief, and injection of a main divi- 
sion close to the ganglion has been performed with a 
certain measure of success. The main divisions have 
been incised surgically, and the entire ganglion has 
been removed in intractable cases. In the latter oper- 
ation, bleeding is likely to be dangerous and the 
nerves to the muscles of mastication may be para- 
lyzed. In other operations, the motor root is spared 
by cutting the sensory root inside the cranium before 
it reaches the ganglion. 
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THE PERIPHERAL NERVOUS SYSTEM 


Vi. ABDUCENT NERVE 


The abducent nerve (sixth nerve) (Fig. 
12-6) supplies the rectus lateralis ocull mus- 
cle. Its superficial origin is in the furrow be- 
tween the inferior border of the pons and the 
superior end of the pyramid of the medulla 
oblongata. It pierces the dura mater on the 
dorsum sellae of the sphenoid bone, runs 
through a notch below the posterior clinoid 
process, and traverses the cavernous sinus 
lateral to the internal carotid artery. It enters 
the orbit through the superior orbital fissure, 
superior to the ophthalmic vein, from which 
it is separated by a lamina of dura mater. 
After passing between the two heads of the 
rectus lateralis muscle, it enters its ocular 
surface. 

Communication with the sympathetic sys- 
tem is by several filaments from the carotid 
and cavernous plexuses. Through a filament 
from the ophthalmic nerve, the abducent 
nerve communicates with the trigeminal 
nerve. 


RELATION OF ORBITAL NERVES TO CAVERNOUS 
sinus. Embedded in the lateral wall of the cavern- 
ous sinus, in order beginning with the most supe- 
rior, are the oculomotor, trochlear, ophthalmic, and 
maxillary nerves (Fig. 12-13). The abducent nerve is 
suspended by connective tissue trabeculae within 
the sinus, lateral to the internal carotid artery and 
medial to the ophthalmic nerve. The maxillary nerve 
is related to the posterior portion of the sinus and it 
soon diverges from the other nerves. As the nerves 
approach the superior orbital fissure, the oculomotor 
and ophthalmic nerves divide into branches, and the 
abducent nerve approaches the others, so that their 
relative positions are considerably changed. 
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Fic. 12-13. Oblique section through the right cavern- 
ous sinus. 


Vil. FACIAL NERVE 


The facial nerve (seventh nerve) has two 
roots of unequal size (Fig. 12-14). The larger 
is the motor root; the smaller, lying between 
the motor root and the vestibulocochlear 
nerve, is called the nervus intermedius 
(nerve of Wrisberg'), and contains special 
sensory fibers for taste and parasympathetic 
fibers. The superficial origin of both roots is 
at the inferior border of the pons in the re- 
cess between the olive and the inferior cere- 
bellar peduncle, the motor root being me- 
dial, the vestibulocochlear nerve lateral, and 
the nervus intermedius between. 

The facial nerve is the motor nerve to the 
muscles of facial expression, to muscles in 
the scalp and external ear, and to the bucci- 
nator, platysma, stapedius, stylohyoid, and 
posterior belly of the digastric muscles. The 
sensory part supplies the anterior two-thirds 
of the tongue with taste, and parts of the ex- 
ternal acoustic meatus, soft palate, and adja- 
cent pharynx with general sensation. The 
parasympathetic part supplies secretomotor 
fibers for the submandibular, sublingual, 
lacrimal, nasal, and palatine glands. 

From their superficial attachment, the two 
roots pass lateralward, with the vestibulo- 
cochlear nerve, into the internal acoustic 
meatus (Fig. 12-1). At the fundus of the mea- 
tus, the facial nerve separates from the ves- 
tibulocochlear nerve and enters the sub- 
stance of the petrous portion of the temporal 
bone, through which it runs a serpentine 
course in the facial canal (aqueductus Fal- 
lopii?). At first it continues lateralward in the 
region between the cochlea and semicircular 
canals (Fig. 13-58); near the tympanic cavity 
it makes an abrupt bend posteriorly, runs in 
the medial wall of the cavity just above the 
oval window (Fig. 13-50), covered by a thin 
plate of bone that causes a slight prominence 
in the wall (Fig. 13-51), and then dips down 
beside the mastoid air cells to reach the 
stylomastoid foramen. Where it changes its 
course abruptly, there is an exaggeration of 
the bend into a U-shaped structure named 
the geniculum; at this point also, the two 
roots become fused and the nerve is swollen 


(Heinrich August Wrisberg (1739-1808): A German anat- 
omist (G6ttingen). 

“Gabriele lallopius (1523-1552): An Italian anatomist 
(Padua). 
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Fig. 12-14. Plan of the facial and intermediate nerves and their communication with other nerves. 


by the presence of the geniculate ganglion 
(Fig. 12-15). 

As it emerges from the stylomastoid fora- 
men, the nerve runs anteriorly in the sub- 
stance of the parotid gland, crosses the ex- 
ternal carotid artery, and divides at the 
posterior border of the ramus of the man- 
dible into two primary branches—a supe- 
rior branch, the temporofacial, and an infe- 
rior branch, the cervicofacial. Numerous 
branches come off the cervicofacial branch 
in a plexiform arrangement to form the pa- 
rotid plexus; these are distributed over the 
head, face, and upper part of the neck, sup- 
plying the superficial muscles in these re- 
gions. 


Geniculate Ganglion 


The geniculate ganglion(Fig. 12-15) is a 
small fusiform swelling of the geniculum, 
where the facial nerve bends abruptly back- 
ward at the hiatus of the facial canal. It is the 
sensory ganglion of the facial nerve. The 
central processes of its unipolar ganglion 


cells reach the brain stem through the 
nervus intermedius; the majority of the pe- 
ripheral processes pass to the taste buds of 
the anterior two-thirds of the tongue through 
the chorda tympani and lingual nerves; 
many peripheral processes pass through the 
greater superficial petrosal and lesser pala- 
tine nerves to the soft palate; and a smaller 
number join the auricular branch of the 
vagus nerve to supply the skin of the exter- 
nal acoustic meatus and mastoid process 
(Foley et al., 1946). 

The glossopalatine nerve is the name 
given by some authors (Hardesty, 1933) to 
that portion of the facial nerve contributed 
by the nervus intermedius. It comprises, 
therefore, the sensory part, including the 
geniculate ganglion, the chorda tympani, 
and greater petrosal nerve; and the parasym- 
pathetic part, including the submandibular 
and pterygopalatine ganglia and_ their 
branches. Although this separation is sug- 
gested by the similarity between this com- 
plex and the glossopharyngeal nerve, it has 
not been generally adopted. 
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Communications of the Facial Nerve 


In the internal acoustic meatus, communi- 
cations with the vestibulocochlear nerve 
probably contain fibers that leave the facial 
nerve, run with the vestibulocochlear nerve 
for ashort distance, and return to the facial 
nerve. 

At the geniculate ganglion, the facial 
nerve communicates with the otic ganglion 
by filaments that join the lesser petrosal 
nerve, and with the sympathetic fibers on 
the middle meningeal artery (external su- 
perficial petrosal nerve). 

In the facial canal, just before it leaves the 
stylomastoid foramen, the facial nerve com- 
municates with the auricular branch of the 
vagus as the latter runs across it in the sub- 
stance of the bone. 

After its exit from the stylomastoid fora- 
men, the facial nerve communicates with the 
glossopharyngeal nerve, the vagus nerve, 
and the great auricular nerve from the cervi- 
cal plexus. The auriculotemporal nerve from 
the mandibular division of the trigeminal 
usually sends two large communications 
that pass anteriorly from behind the neck of 
the mandible to join the facial nerve in the 
substance of the parotid gland (Fig. 12-11). 
They carry sensory fibers that accompany 
the terminal zygomatic, buccal, and mandib- 
ular branches to the skin of these areas. 

Peripheral branches of the facial nerve 
communicate behind the ear, with the lesser 
occipital nerve; on the face, with trigeminal 
branches; and in the neck, with the cervical 
cutaneous nerve. 


Branches of Facial Nerve from the Geniculate 
Ganglion 


GREATER PETROSAL NERVE 


The greater petrosal nerve (greater super- 
ficial petrosal nerve) arises from the genicu- 
late ganglion (Fig. 12-15), and after a short 
course in the bone, it emerges through the 
hiatus of the facial canal into the middle cra- 
nial fossa. It runs rostralward beneath the 
dura mater and the trigeminal ganglion in a 
sulcus on the anterior surface of the petrous 
portion of the temporal bone, passes supe- 
rior to the cartilage of the auditory tube 
(which fills the foramen lacerum), crosses 
the lateral side of the internal carotid artery, 
and unites with the deep petrosal nerve to 
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Fic. 12-15. The geniculate ganglion and facial nerve in 
the temporal bone. 


form the nerve of the pterygoid canal 
(Vidian nerve) (Figs. 12-9; 12-12). The greater 
petrosal nerve is a mixed nerve, containing 
sensory and parasympathetic fibers. The 
parasympathetic fibers, from the nervus in- 
termedius, become the motor root of the 
pterygopalatine ganglion. The bulk of the 
nerve consists of sensory fibers, which are 
the peripheral processes of cells in the genic- 
ulate ganglion and are distributed to the soft 
palate through the lesser palatine nerves, 
with a few filaments to the auditory tube. 


Nerve of Pterygoid Canal 


The nerve of the pterygoid canal (Vidian 
nerve) (Fig. 12-9), formed by the union of 
the greater petrosal and deep petrosal nerves 
at the foramen lacerum, enters the posterior 
opening of the pterygoid canal with the cor- 
responding artery and is joined by a small 
ascending sphenoidal branch from the otic 
ganglion. The bony wall of the canal com- 
monly causes a ridge in the floor of the sphe- 
noidal sinus, and while the nerve is in the 
canal it gives off one or two filaments for the 
mucous membrane of the sinus. From the 
anterior opening of the canal, the nerve 
crosses the pterygopalatine fossa and enters 
the pterygopalatine ganglion. 


Pterygopalatine Ganglion 


The pterygopalatine ganglion (sphenopal- 
atine ganglion; Meckel’s ganglion) (Figs. 
12-9; 12-12) is deeply placed in the pterygo- 
palatine fossa, just inferior to the maxillary 
nerve as the latter crosses the fossa close to 
the pterygopalatine foramen. It is triangular 
or heartshaped and about 5mm long. It is 
embedded in the fibrous tissue between the 
neighboring bones and is closely attached to 
the pterygopalatine branches of the maxil- 
lary division of the trigeminal nerve. It is a 
parasympathetic ganglion relaying chiefly 
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Fic. 12-16. Autonomic connections of the pterygopalatine and superior cervical ganglia. Parasympathetic blue; 


sympathetic red. 


secretomotor impulses from the facial nerve 
(Fig. 12-16). 

The parasympathetic root (visceral effer- 
ent) of the pterygopalatine ganglion is the 
greater petrosal nerve, and its continuation, 
the nerve of the pterygoid canal. The fibers 
are preganglionic parasympathetic fibers, 
which leave the brain stem in the nervus in- 
termedius. 

COMMUNICATIONS OF THE PTERYGOPALATINE 
GANGLION. Maxillary Nerve. Two short 
trunks from the maxillary nerve, the ptery- 
gopalatine nerves, are commonly called the 
sensory root of the ganglion although they 
have no such functional connection with it. 
They contain mainly sensory fibers from the 
trigeminal ganglion that pass through or be- 
side the pterygopalatine ganglion without 
synapses and continue on their way to the 
mucous membrane of the nasal cavity and 


palate. These trunks are important commu- 
nications for the ganglion, however, since 
they are traversed by the postganglionic fi- 
bers of distribution on their way to the max- 
illary nerve, whence they reach the lacrimal 
gland and the small glands of the nasal cav- 
ity and palate. 

Deep Petrosal Nerve The deep petrosal 
nerve is commonly called the sympathetic 
root of the pterygopalatine ganglion, al- 
though it is merely a communication be- 
tween the ganglion and the sympathetic sys- 
tem. It contains postganglionic fibers from 
the superior cervical sympathetic ganglion, 
by way of the carotid plexus, and passes 
through the pterygopalatine ganglion with- 
out synapses and accompanies the branches 
of the pterygopalatine nerves (trigeminal 
branches) to their destination in the mucous 
membrane of the nasal cavity and palate. 
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BRANCHES FROM THE PTERYGOPALATINE GAN- 
ction. The branches of distribution from 
the pterygopalatine ganglion, containing the 
postganglionic fibers of the cells within the 
ganglion, are not independent nerves for the 
most part, but find their way to their destina- 
tions by accompanying other nerves, mainly 
the branches of the maxillary nerve. 

The fibers for the lacrimal gland pass back 
to the main trunk of the maxillary nerve 
through the pterygopalatine nerves. They 
leave the maxillary through the zygomatic 
and zygomaticotemporal nerves, pass 
through a communication between the latter 
and the lacrimal nerve in the orbit, and are 
then distributed to the gland (Fig. 12-6). 

Fibers for the small glands of the mucous 
membrane of the nasal cavity, pharynx, and 
palate join the greater and lesser palatine 
nerves, the posterior superior nasal 
branches, and the pharyngeal branch, and 
are distributed with them. 


Branches of Facial Nerve 
Within the Facial Canal 


NERVE TO STAPEDIUS MUSCLE 


The nerve to the stapedius muscle arises 
from the facial nerve as it passes downward 
in the posterior wall of the tympanum. It 
reaches the muscle through a minute open- 
ing in the base of the pyramid (see Middle 
Ear, Chapter 13). 


CHORDA TYMPANI NERVE 


The chorda tympani nerve (Figs. 12-8; 12- 
12) arises from the part of the facial nerve 
that runs vertically downward in the poste- 
rior wall of the tympanum just before it 
reaches the stylomastoid foramen. Entering 
its own canal in the bone about 6 mm above 
the stylomastoid foramen, the chorda passes 
back cranialward almost parallel with the 
facial nerve but diverges toward the lateral 
wall of the tympanum. It emerges through an 
aperture in the posterior wall of the tympa- 
num (iter chordae posterius) between the 
base of the pyramid and the attachment of 
the tympanic membrane. It runs horizon- 
tally along the lateral wall of the tympanum 
covered by the thin mucous membrane, and, 
lying against the tympanic membrane, it 
crosses the attached manubrium of the mal- 


leus (Fig. 13-49). It leaves the tympanic cav- 
ity near the anterior border of the membrane 
through the iter chordae anterius, traverses 
a canal in the petrotympanic fissure (canal 
of Huguier'), and emerges from the skull on 
the medial surface of the spine of the sphe- 
noid bone. After crossing the spine, usually 
in a groove, and being joined by a small 
communication from the otic ganglion, it 
unites with the lingual nerve at an acute 
angle between the medial and lateral ptery- 
goid muscles. 

The bulk of the fibers of the chorda tym- 
pani are special visceral afferents for taste, 
which are distributed with the branches of 
the lingual nerve to the anterior two-thirds 
of the tongue. It also contains preganglionic 
parasympathetic fibers (secretomotor) from 
the nervus intermedius, which terminate in 
synapses with cells in the submandibular 
ganglion (Foley, 1945). 

SUBMANDIBULAR GANGLION. The subman- 
dibular ganglion (submaxillary ganglion) 
(Figs. 12-8; 12-12) is a small mass, 2 to 5mm 
in diameter, situated above the deep portion 
of the submandibular gland on the hyoglossus 
muscle, near the posterior border of the my- 
lohyoid muscle and suspended from the 
lower border of the lingual nerve by two fil- 
aments approximately 5 mm long. The prox- 
imal filament is the parasympathetic root, 
which conveys fibers originating in the 
nervus intermedius and is communicated to 
the lingual nerve by the chorda tympani. 
These are preganglionic visceral efferent fi- 
bers (secretomotor) whose postganglionic 
fibers innervate the submandibular, sublin- 
gual, lingual, and neighboring small salivary 
glands (Fig. 12-17). 

The branches of distribution are (a) five or 
six filaments distributed to the submandibu- 
lar gland and its duct, (b) to the small glands 
about the floor of the mouth, and (c) the dis- 
tal filament attaching the ganglion to the lin- 
gual nerve, which communicates the fibers 
distributed to the sublingual and small lin- 
gual glands with the terminal branches of 
the lingual nerve. Small groups of ganglion 
cells are constantly found in the stroma of 
the submandibular gland, usually near the 
larger branches of the duct, and functionally 
are considered a part of the submandibular 
ganglion. 


'Pjerre Charles Huguier (1804-1873): A French surgeon 
(Paris). 
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Fig. 12-17. Autonomic connections of the submandibular and superior cervical ganglia. Parasympathetic blue; 


sympathetic red. 


A communication with the sympathetic 
bundles on the facial artery has been called 
the sympathetic root of the ganglion, but the 
fibers are postganglionic and have no synap- 
ses in the ganglion. 

Visceral afferent fibers passing through 
the root to the lingual and thence to the 
chorda tympani have been called the sen- 
sory root, but they have no synapses in the 
ganglion and their cell bodies are in the ge- 
niculate ganglion. 


Branches of Facial Nerve 
in the Face and Neck 


POSTERIOR AURICULAR NERVE. The poste- 
rior auricular nerve (Fig. 12-18) arises close 
to the stylomastoid foramen and _ runs 
cranialward anterior to the mastoid process; 
here it is joined by a filament from the auric- 
ular branch of the vagus, and communicates 


with the posterior branch of the great auric- 
ular nerve and with the lesser occipital 
nerve. Between the external acoustic meatus 
and the mastoid process it divides into auric- 
ular and occipital branches. The auricular 
branch supplies the auricularis posterior 
and the intrinsic muscles on the cranial sur- 
face of the auricula. The occipital branch, 
the larger of the two, passes backward along 
the superior nuchal line of the occipital bone 
and supplies the occipitalis muscle. 

DIGASTRIC BRANCH. The digastric branch 
arises close to the stylomastoid foramen, and 
divides into several filaments, which supply 
the posterior belly of the digastric muscle. 

STYLOHYOID BRANCH. The stylohyoid 
branch frequently arises in conjunction with 
the digastric branch; it is long and slender, 
and enters the stylohyoid muscle near its 
middle. 


PAROTID PLEXUS. The terminal portion of 
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Fic. 12-18. The nerves of the scalp, face, and side of neck. 


the facial nerve, within the substance of the 
parotid gland, divides into a temporofacial 
and a cervicofacial division which in turn, 
either within the gland or after leaving it, 
break up into a plexus and supply the facial 
muscles in different regions. 

Temporal Branches. The temporal 
branches (Fig. 12-18) cross the zygomatic 
arch to the temporal region, supplying the 
auriculares anterior and superior. They 
communicate with the zygomaticotemporal 
branch of the maxillary nerve and with the 
auriculotemporal branch of the mandibular 
division of the trigeminal nerve. The more 
anterior branches supply the frontalis, the 
orbicularis oculi, and the corrugator muscles 
and join the supraorbital and _ lacrimal 
branches of the ophthalmic nerve. 


Zygomatic Branches. ‘The zygomatic 
branches (malar branches) run across the 
face in the region of the zygomatic arch to 
the lateral angle of the orbit, where they sup- 
ply the orbicularis oculi, and communicate 
with filaments from the lacrimal nerve of the 
ophthalmic division and the zygomaticofa- 
cial branch of the maxillary division of the 
trigeminal nerve. The lower zygomatic 
branches commonly join the deep buccal 
branches and assist in forming the infraor- 
bital plexus. 

Buccal Branches. The buccal branches 
(infraorbital branches), larger than the rest, 
pass horizontally rostralward to be distrib- 
uted inferior to the orbit and around the 
mouth. The superficial branches run_be- 
neath the skin and superficial to the muscles 


of the face, which they supply; some are dis- 
tributed to the procerus muscle, communi- 
cating at the medial angle of the orbit with 
the infratrochlear and nasociliary branches 
of the ophthalmic nerve. The deep branches, 
commonly reinforced by zygomatic 
branches, pass deep to the zygomaticus and 
the levator labii superioris muscles, supply- 
ing them and forming an infraorbital plexus 
with the infraorbital branch of the maxillary 
division of the trigeminal nerve (Fig. 12-18). 
These branches also supply the small mus- 
cles of the nose. The more inferior deep 
branches supply the buccinator and orbicu- 
laris oris muscles, and communicate with 
filaments of the buccal branch of the man- 
dibular division of the trigeminal nerve. 

Mandibular Branch. The mandibular 
branch (r. marginalis mandibulae) passes 
rostralward deep to the platysma and de- 
pressor anguli oris supplying the muscles of 
the lower lip and chin and communicating 
with the mental branch of the inferior alveo- 
lar nerve. 

Cervical Branch. The cervical branch (r. 
colli) runs rostralward deep to the platysma, 
which it supplies, and forms a series of 
arches across the side of the neck over the 
suprahyoid region. One branch joins the cer- 
vical cutaneous nerve from the cervical 
plexus. 


Vill. VESTIBULOCOCHLEAR NERVE 


The vestibulocochlear nerve (n. statoacus- 
ticus; n. octavius; eighth nerve) (Fig. 11-62) 
consists of two distinct sets of fibers, the 
cochlear and vestibular nerves, which differ 
in their peripheral endings, central connec- 
tions, functions, and time of myelination. 
These two portions of the vestibulocochlear 
nerve are joined into a common trunk that 
enters the internal acoustic meatus with the 
facial nerve (Fig. 12-15). Centrally, the ves- 
tibulocochlear nerve divides into a lateral 
(cochlear) root and a medial (vestibular) 
root. As it passes distally in the internal au- 
ditory meatus, it divides into the various 
branches, which are distributed to the recep- 
tor areas in the membranous labyrinth (see 
Chapter 13). Both divisions of this nerve are 
sensory and the fibers arise from bipolar 
ganglion cells. 
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COCHLEAR NERVE. ‘The cochlear nerve or 
root, the nerve of hearing, arises from bi- 
polar cells in the spiral ganglion of the 
cochlea, situated near the inner edge of the 
osseous spiral lamina. The peripheral fibers 
pass to the organ of Corti.! The central fibers 
pass through the modiolus and then through 
the foramina of the tractus spiralis foramin- 
osus or through the foramen centrale into 
the lateral or outer end of the internal acous- 
tic meatus. The nerve passes along the inter- 
nal acoustic meatus with the vestibular 
nerve and across the subarachnoid space, 
just above the flocculus, almost directly 
medialward toward the inferior peduncle to 
terminate in the cochlear nuclei. 

The cochlear nerve is placed lateral to the 
vestibular root. Its fibers end in two nuclei: 
one, the ventral cochlear nucleus, lies imme- 
diately in front of the inferior cerebellar 
peduncle; the other, the dorsal cochlear nu- 
cleus, tuberculum acusticum, somewhat lat- 
eral to it (see Chapter 11). 

VESTIBULAR NERVE. The vestibular nerve 
or root, the nerve of equilibration, arises 
from bipolar cells in the vestibular ganglion 
(ganglion of Scarpa“) which is situated in 
the superior part of the lateral end of the in- 
ternal acoustic meatus. The peripheral fibers 
divide into three branches: the superior 
branch passes through the foramina in the 
area vestibularis superior and ends in the 
utricle and in the ampullae of the anterior 
and lateral semicircular ducts; the fibers of 
the inferior branch traverse the foramina in 
the area vestibularis inferior and end in the 
saccule; the posterior branch runs through 
the foramen singulare and supplies the am- 
pulla of the posterior semicircular duct. 

The fibers of the vestibular nerve enter the 
medulla oblongata, pass between the infe- 
rior cerebellar peduncle and the spinal tract 
of the trigeminal nerve, and bifurcate into 
ascending and descending branches. The 
descending branches form the spinal root of 
the vestibular nerve and terminate in the 
associated nucleus. The ascending branches 
pass to the medial, lateral, and superior ves- 
tibular nuclei, and to the nucleus fastigii and 
the vermis of the cerebellum. 


1 Alfonso Corti (1822-1888): An Italian anatomist (born in 
Sardinia, worked in Germany). 

2Antonio Scarpa (1747-1832): An Italian anatomist and 
surgeon (Pavia). 
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IX. GLOSSOPHARYNGEAL NERVE 


The glossopharyngeal nerve (ninth nerve) 
(Fig. 12-22), as its name implies, is distrib- 
uted to the tongue and pharynx. It is a mixed 
nerve, its sensory fibers being both visceral 
and somatic, and its motor fibers both gen- 
eral and special visceral efferents. The so- 
matic afferent fibers supply the mucous 
membrane of the pharynx, fauces, palatine 
tonsil. and posterior part of the tongue; spe- 
cial visceral afferents supply the taste buds 
of the posterior part of the tongue; general 
visceral afferents supply the blood pressure 
receptors of the carotid sinus. The special vis- 
ceral efferent fibers supply the stylopharyn- 
geus muscle; the general visceral efferents 
are mainly secretomotor for the parotid and 
small glands in the mucous membrane of the 
posterior part of the tongue and neighboring 
pharynx. The superficial origin is by three or 
four rootlets in series with those of the vagus 
nerve, attached to the superior part of the 
medulla oblongata in the groove between 
the olive and the inferior peduncle. 

From its superficial origin, the nerve 
passes lateralward across the flocculus to the 
jugular foramen, through which it passes, 
lateral and anterior to the vagus and acces- 
sory nerves (Fig. 12-22), in a separate sheath 
of dura mater and lying in a groove on the 
lower border of the petrous portion of the 
temporal bone. After its exit from the skull, 
it runs anteriorly between the internal jugu- 
lar vein and the internal carotid artery, su- 
perficial to the latter vessel and posterior to 
the styloid process and its muscles. It fol- 
lows the posterior border of the stylopha- 
ryngeus muscle for 2 or 3cm, then curves 
across its superficial surface to the posterior 
border of the hyoglossus muscle, where it 
penetrates more deeply to be distributed to 
the palatine tonsil, the mucous membrane of 
the fauces and base of the tongue, and the 
glands of that region. The portion of the 
nerve that lies in the jugular foramen has 
two enlargements, the superior and the infe- 
rior ganglia. 

The superior ganglion (jugular ganglion) 
is situated in the upper part of the groove in 
which the nerve is lodged during its passage 
through the jugular foramen. It is very small, 
may be absent. and is usually regarded as a 
detached portion of the inferior ganglion. 


The inferior ganglion (petrous ganglion) is 
situated in a depression in the lower border 
of the petrous portion of the temporal bone. 
These ganglia contain the cell bodies for the 
sensory fibers of the nerve (Fig. 12-21). 


Communications of Glossopharyngeal Nerve 


(1) The communications with the vagus 
nerve are two filaments, one joining the au- 
ricular branch, the other the superior gan- 
glion. (2) The superior cervical sympathetic 
ganglion communicates with the inferior 
ganglion. (3) The communication with the 
facial nerve is between the trunk of the glos- 
sopharyngeal nerve below the inferior gan- 
glion and the facial nerve after its exit from 
the stylomastoid foramen; it perforates the 
posterior belly of the digastric muscle. 


Branches of Glossopharyngeal Nerve 


TYMPANIC NERVE 


The tympanic nerve (nerve of Jacobson) 
(Fig. 12-19) supplies parasympathetic fibers 
to the parotid gland through the otic gan- 
glion and sensory fibers to the mucous mem- 
brane of the middle ear. It arises from the 
inferior ganglion and enters a small canal 
through an opening in the bony ridge that 
separates the carotid canal from the jugular 
fossa on the inferior surface of the petrous 
portion of the temporal bone. After a short 
cranialward course in the bone, it enters the 
tympanic cavity by an aperture in its floor 
near the medial wall. It continues upward in 
a groove on the surface of the promontory 
(Fig. 13-50), helps to form the tympanic 
plexus, reenters a canaliculus at the level of 
the processus cochleariformis, passes inter- 
nal to the semicanal for the tensor tympani, 
and continues as the lesser petrosal nerve 
(Rosen, 1950). 

TYMPANIC PLEXUS. The tympanic plexus 
lies in grooves on the surface of the promon- 
tory and is formed by the junction of the 
tympanic and caroticotympanic nerves. The 
caroticotympanic nerves, superior and infe- 
rior, are communications from the carotid 
plexus of the sympathetic, which enter the 
tympanic cavity by perforating the wall of 
the carotid canal. The plexus communicates 
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Fic. 12-19. Autonomic connections of the otic and 
superior cervical ganglia. Parasympathetic blue; sym- 
pathetic red. 


with the greater petrosal nerve by a filament 
that passes through an opening on the 
labyrinthic wall, in front of the fenestra ves- 
tibuli. 

Sensory branches are distributed through 
the plexus to the mucous membrane of the 
fenestra ovalis, fenestra rotunda, tympanic 
membrane, auditory tube, and mastoid air 
cells. 

The lesser petrosal nerve (Figs. 12-9; 12-20) 
is the terminal branch or continuation of the 
tympanic nerve beyond the plexus. After 
penetrating the bone medial to the tensor 
tympani muscle, it emerges into the cranial 
cavity on the superior surface of the petrous 
portion of the temporal bone, immediately 
lateral to the hiatus of the facial canal. It 
leaves the cranial cavity again through the 
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fissure between the petrous portion and the 
great wing of the sphenoid, or through a 
small opening in the latter bone, and termi- 
nates in the otic ganglion as its visceral 
motor or parasympathetic root. In the canal 
it is joined by a filament from the geniculate 
ganglion of the facial nerve. 


OTIC GANGLION 


The otic ganglion (Figs. 12-12; 12-20) is a 
flat, oval, or stellate ganglion, 2 to 4mm in 
diameter, closely approximated to the me- 
dial surface of the mandibular division of 
the trigeminal, immediately outside of the 
foramen ovale, and it has the origin of the 
medial pterygoid nerve embedded in it. It is 
lateral to the cartilaginous portion of the 
auditory tube, anterior to the middle menin- 
geal artery, and posterior to the origin of the 
tensor veli palatini muscle. 

The root of the otic ganglion, which is par- 
asympathetic, is the lesser petrosal nerve. It 
contains preganglionic fibers from the nu- 
cleus salivatorius inferior in the medulla 
oblongata, principally through the glosso- 
pharyngeal nerve but probably partly also 
through the facial nerve. 

COMMUNICATIONS OF THE OTIC GANGLION. 
A communication with the sympathetic net- 
work on the middle meningeal artery has 
been called the sympathetic root of the gan- 
glion, but these fibers are already postgangli- 
onic and pass through the ganglion without 
synapses. 

A communication with the medial ptery- 
goid nerve has been described as a motor 
root, and the continuation of the fibers to the 
tensor veli palatini and tensor tympani mus- 
cles has been described as branches of the 
ganglion, but they are trigeminal fibers that 
pass through the ganglion. 

A communication with the mandibular 
nerve has been called a sensory root, but 
the fibers have no functional connection 
with the ganglion. A slender filament, the 
sphenoidal branch, connects with the nerve 
of the pterygoid canal, and a small branch 
communicates with the chorda tympani. 

BRANCHES OF DISTRIBUTION OF THE OTIC 
GANGLION. The postganglionic fibers arising 
in the otic ganglion pass mainly through a 
communication with the auriculotemporal 
nerve and are distributed with its branches 


1180 


ERIPHERAL NERVOUS SYSTEM 





Middle meningeal a. 


Auriculotemporal n 


Fig. 12-20. The otic ganglion and its branches. 


to the parotid gland. Other filaments proba- 
bly accompany other nerves to reach small 
glands in the mouth and pharynx. 


CAROTID SINUS NERVE 


The carotid sinus nerve (nerve of Hering’) 
(Fig. 12-21) arises from the main trunk of the 
glossopharyngeal nerve just beyond _ its 
emergence from the jugular foramen; it com- 
municates with the nodose ganglion or the 
pharyngeal branch of the vagus nerve near 
its origin. Its continuation or principal 
branch runs down the anterior surface of the 
internal carotid artery to the carotid bifurca- 
tion, and it terminates in the wall of the dila- 
ted portion of the artery—the carotid 
sinus—supplying it with afferent fibers for 
its blood pressure receptors. It has a rather 
constant branch that joins the intercarotid 
plexus, formed principally by vagus and 
sympathetic branches, or it communicates 
with these nerves independently and reaches 
the carotid body. Glossopharyngeal fibers 
may traverse the plexus and its branches 
to the carotid body on their way to the ca- 
rotid sinus (Sheehan et al., 1941). Its func- 
tional association with the carotid body is 
questionable. 


!Heinrich Ewald Hering (1866-1948): A German physiol- 
ogist (Cologne). 


PHARYNGEAL BRANCHES 


The pharyngeal branches are three or four 
filaments that join pharyngeal branches of 
the vagus and sympathetic nerves opposite 
the constrictor pharyngis medius muscle to 
form the pharyngeal plexus (Fig. 12-21). 
Branches from the plexus penetrate the mus- 
cular coat of the pharynx and supply its 
muscles and mucous membrane; the exact 
contribution of the glossopharyngeal nerve 
is uncertain. 


BRANCH TO STYLOPHARYNGEUS 


The branch to the stylopharyngeus is the 
only muscular branch of the glossopharyn- 
geal nerve. 


TONSILLAR BRANCHES 


The tonsillar branches supply the palatine 
tonsil, forming around it a network from 
which filaments are distributed to the soft 
palate and fauces, where they communicate 
with the lesser palatine nerves. 


LINGUAL BRANCHES 


The lingual branches are two in number; 
one supplies the vallate papillae with affer- 
ent fibers for taste, and general afferents to 
the mucous membrane at the base of the 
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tongue; the other supplies the mucous mem- 
brane and glands of the posterior part of the 
tongue, and communicates with the lingual 
nerve. 


CLINICAL COMMENT. Neuralgic pain or ‘‘tic 
douloreux’’ of the glossopharyngeal nerve occurs in 
the ear, throat, base of the tongue, rim of the palate, 
and the lower lateral and posterior part of the phar- 
ynx. The most common trigger zone is the tonsillar 
fossa (Pastore and Meredith, 1949). 


X. THE VAGUS NERVE 


The vagus nerve (tenth nerve; pneumo- 
gastric nerve) (Figs. 12-22; 12-37), named 
from its wandering course, is the longest of 
the cranial nerves and has the most exten- 
sive distribution, passing through the neck 
and thorax into the abdomen. It has both 
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somatic and visceral afferent fibers, and gen- 
eral and special visceral efferent fibers. The 
somatic sensory fibers supply the skin of the 
posterior surface of the external ear and the 
external acoustic meatus; the visceral affer- 
ent fibers supply the mucous membrane of 
the pharynx, larynx, bronchi, lungs, heart, 
esophagus, stomach, intestines, and kidney. 
General visceral efferent fibers (parasympa- 
thetic) are distributed to the heart, and sup- 
ply the nonstriated muscle and glands of the 
esophagus, stomach, trachea, bronchi, bili- 
ary tract, and most of the intestine. Special 
visceral efferent fibers supply the voluntary 
muscles of the larynx, pharynx, and palate 
(except the tensor), but most of the latter fi- 
bers originate in the cranial part of the ac- 
cessory nerve. 

The superficial origin of the vagus is com- 
posed of eight or ten rootlets attached to the 
medulla oblongata in the groove between 
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the olive and the inferior peduncle, inferior 
to those of the glossopharyngeal nerve and 
superior to those of the accessory nerve. The 
rootlets unite into a flat cord that passes be- 
neath the flocculus of the cerebellum to the 


jugular foramen. The nerve leaves the cra- 
nial cavity through this opening, accompa- 
nied by the accessory nerve and contained 
in the same dural sheath, but separated by a 
septum from the glossopharyngeal nerve, 
which lies anteriorly. This portion of the 
vagus has two enlargements, the superior 
and inferior ganglia, which are the sensory 
ganglia of the nerve. 

SUPERIOR GANGLION. Jhe superior gan- 
glion (g. of the root; jugular ganglion) (Fig. 
12-21) is a spherical swelling, about 4mm in 
diameter, of the vagus nerve as it lies in the 
jugular foramen. The central processes of its 
unipolar (sensory) ganglion cells enter the 
medulla, usually in three or four large inde- 
pendent rootlets, slightly dorsal to the motor 
rootlets. Most of the peripheral processes of 
the ganglion cells enter the auricular branch 
of the vagus, but a few probably are distrib- 
uted with the pharyngeal branches. 

INFERIOR GANGLION. The inferior ganglion 
(g. of the trunk; nodose ganglion) (Fig. 12-23) 
forms a fusiform swelling about 2.5 cm long 
on the vagus nerve after its exit from the jug- 
ular foramen and about 1cm distal to the 
superior ganglion. The central processes of 
its unipolar (sensory) cells pass through the 
superior ganglion without traversing the re- 
gion occupied by cells, and frequently ac- 
company motor fibers in the rootlets for a 
short distance but enter the medulla slightly 
dorsal to them, in line with the superior root- 
lets. Some of the peripheral processes of the 
ganglion cells make up the internal ramus 
of the superior laryngeal nerve, and the rest 
are distributed with other branches of the 
vagus to the larynx, trachea, bronchi, eso- 
phagus, and other thoracic and abdominal 
viscera. 


Communications of the Vagus Nerve 


At the superior ganglion, several delicate 
filaments communicate (1) with the cranial 
portion of the accessory nerve; (2) with the 
inferior ganglion of the glossopharyngeal 
nerve; (3) with the facial nerve by means of 
the auricular branch; and (4) with the supe- 
rior cervical ganglion of the sympathetic 
system (jugular nerve). 

The cranial part of the accessory nerve 
joins the vagus just proximal to the inferior 
ganglion. It is the source of the greater part 
of the fibers in the motor branches of the 
vagus to the pharynx and larynx. 
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Fig. 12-23. Dorsal view of the pharynx and associated nerves and blood vessels after removal of the cervical 
vertebrae and part of the occipital bone. (Redrawn from Tondury,) 


At the inferior ganglion, communication is 
(1) with the hypoglossal nerve, (2) with the 
superior cervical sympathetic ganglion, and 
(3) with the loop between the first and sec- 
ond cervical spinal nerves. 

The resulting vagus nerve trunk, after it 


has been joined by the cranial part of the 
accessory nerve just distal to the inferior 
ganglion, passes vertically down the neck 
within the carotid sheath, deep to and be- 
tween the internal jugular vein and the inter- 
nal and common carotid arteries. Beyond the 
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root of the neck the course of the nerve dif- 
fers on the two sides of the body. 

The right vagus nerve crosses the first part 
of the subclavian artery, lying superficial to 
it and between it and the brachiocephalic 
vein (Fig. 12-24). It continues along the side 
of the trachea to the dorsal aspect of the root 
of the lung, where it spreads out in the poste- 
rior pulmonary plexus (Fig. 12-25). Below 
this plexus, it splits into cords that enter 
into the formation of the plexus on the dor- 
sal aspect of the esophagus. After sending 
Communications to the left vagus, these 
cords unite with each other and with com- 
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munications from the left vagus to form a 
single trunk, the posterior vagus nerve, be- 
fore passing through the esophageal hiatus 
in the diaphragm (Fig. 12-25). Below the dia- 
phragm, the posterior vagus continues along 
the lesser curvature of the stomach on its 
posterior surface for a short distance and 
divides into a celiac and several gastric 
branches. 

The left vagus enters the thorax between 
the left carotid and subclavian arteries, deep 
to the left brachiocephalic vein (Fig. 12-37). 
It crosses the left side of the arch of the aorta 
(Fig. 12-24), angling dorsally in its caudal- 
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Fic. 12-24. The mediastinal organs and the roots of the lungs after removal of the heart and pericardium. (Redrawn 


from Tondury.) 
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Fic. 12-25. Dorsal view of the mediastinal structures and roots of the lungs, after removal of the vertebral column, 


ribs, and thoracic aorta. (Redrawn from Téndury.) 


ward course. It passes between the aorta and 
the left pulmonary artery just distal to the 
ligamentum arteriosum, and reaches the 
dorsal aspect of the root of the lung, where it 
flattens into the posterior pulmonary plexus 
(Fig. 12-25). It reaches the esophagus as a 


variable number of strands; these follow the 
ventral aspect of the esophagus, send com- 
munications to the right vagus, and usually 
unite with each other and with substantial 
communications from the right vagus to 
form a single trunk, the anterior vagus 
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nerve, before passing through the dia- 
phragm. Below the diaphragm, the anterior 
vagus nerve, on the anterior aspect of the 
stomach, divides into an hepatic and several 
gastric branches (Jackson, 1949). 


Branches in the Jugular Fossa 


MENINGEAL BRANCH. The meningeal 
branch (dural branch) is a recurrent filament 
that arises at the superior ganglion and is 
distributed to the dura mater in the posterior 
cranial fossa. 

AURICULAR BRANCH. The auricular branch 
(nerve of Arnold') arises from the superior 
ganglion and soon communicates by a fila- 
ment with the inferior ganglion of the glos- 
sopharyngeal nerve. It passes posterior to 
the internal jugular vein, and when it 
reaches the lateral wall of the jugular fossa, 
it enters the mastoid canaliculus, which 
crosses the facial canal in the bone about 
4mm superior to the stylomastoid foramen 
and communicates with the facial nerve. It is 
a somatic afferent nerve and it reaches the 
surface by passing through the tympanomas- 
toid fissure. It divides into two branches: (a) 
one joins the posterior auricular nerve, and 
(b) the other is distributed to the skin of the 
back of the auricula and to the posterior part 
of the external acoustic meatus. 


Branches of the Vagus Nerve in the Neck 


PHARYNGEAL BRANCHES. The pharyngeal 
branches, usually two, arise at the upper 
part of the inferior ganglion; they contain 
sensory fibers from the ganglion and motor 
fibers from the communication with the ac- 
cessory nerve. They pass across the internal 
carotid artery to the superior border of the 
constrictor pharyngis medius where they 
divide into several bundles that join 
branches of the glossopharyngeal, sympa- 
thetic, and external branch of the superior 
laryngeal nerves to form the pharyngeal 
plexus (Fig. 12-21). 

Through the plexus, branches are distrib- 
uted to the muscles and mucous membrane 
of the pharynx, and to the muscles of the 
soft palate, except the tensor veli palatini. 


'Philipp Friedrich Arnold (1803-1890): A German anato- 
mist (Zurich, Freiburg, Tubingen, and Heidelberg). 


The nerves to the carotid body are fila- 
ments from the pharyngeal and possibly 
from the superior laryngeal branches, which 
join with similar filaments from the glosso- 
pharyngeal nerve and the superior cervical 
sympathetic ganglion to form the intercarotid 
plexus between the internal and external 
carotid arteries at the bifurcation. The vagus 
fibers are visceral afferents that terminate in 
the carotid body, which is a chemoreceptor 
sensitive to changes in oxygen tension of the 
blood. This is located at the carotid bifurca- 
tion (Sheehan et al., 1941). 

SUPERIOR LARYNGEAL NERVE. The superior 
laryngeal nerve (Fig. 12-22) arises near the 
lower end of the inferior ganglion and 
passes caudalward and medialward deep to 
the internal carotid artery and along the 
pharynx toward the superior cornu of the 
thyroid cartilage. It has a communication 
with the superior cervical sympathetic gan- 
glion and may contribute to the intercarotid 
plexus. It terminates by dividing into a 
smaller external and a larger internal 
branch. 

The external branch (Fig. 12-22) continues 
caudalward beside the larynx, deep to the 
sternothyroid muscle and supplies motor 
fibers to the cricothyroid muscle and part of 
the constrictor pharyngis inferior. It contrib- 
utes fibers to the pharyngeal plexus and 
communicates with the superior sympa- 
thetic cardiac nerve. 

The internal branch swings anteriorly to 
reach the thyrohyoid membrane, which it 
pierces with the superior laryngeal artery. It 
supplies sensory fibers to the mucous mem- 
brane and parasympathetic secretomotor 
fibers to the associated glands through 
branches to the epiglottis, base of the tongue, 
aryepiglottic fold, and the larynx as far cau- 
dalward as the vocal folds. A filament 
passes caudalward beneath the mucous 
membrane on the inner surface of the thy- 
roid cartilage and joins the recurrent nerve 
(Fig. 12-23). 

SUPERIOR CARDIAC BRANCHES. Two or 
three superior cardiac branches arise from 
the vagus at the superior and inferior parts 
of the neck. The superior branches are small 
and communicate with the cardiac branches 
of the sympathetic. They can be traced to the 
deep part of the cardiac plexus. The inferior 
branch arises at the root of the neek just cra- 


nial to the first rib. On the right side it passes 
ventral or lateral to the brachiocephalic ar- 
tery and joins the deep part of the cardiac 
plexus. On the left side it passes across the 
left side of the arch of the aorta and joins the 
superficial part of the cardiac plexus. 

RECURRENT NERVE. The recurrent nerve 
(inferior or recurrent laryngeal nerve) (Fig. 
12-25), as its name implies, arises far cau- 
dally and runs back cranialward in the neck 
to its destination, the muscles of the larynx. 
The origin and early part of its course are 
different on the two sides. On the right side, 
it arises in the root of the neck, as the vagus 
crosses superficial to the first part of the sub- 
clavian artery. It loops under the arch of this 
vessel and passes dorsal to it to the side of 
the trachea and esophagus (Fig. 12-74). On 
the left side, the recurrent nerve arises in the 
cranial part of the thorax, as the vagus 
crosses the left side of the arch of the aorta 
(Fig. 12-75). Just distal to the ligamentum ar- 
teriosum, it loops under the arch and passes 
around it to the side of the trachea. The fur- 
ther course on the two sides is similar; it 
passes deep to the common carotid artery 
and along the groove between the trachea 
and esophagus, medial to the overhanging 
deep surface of the thyroid lobe. Here it 
comes into close relationship with the termi- 
nal portion of the inferior thyroid artery. It 
runs under the caudal border of the constric- 
tor pharyngis inferior muscle, enters the lar- 
ynx through the cricothyroid membrane 
deep to the articulation of the inferior cornu 
of the thyroid with the cricoid cartilage, and 
is distributed to all the muscles of the larynx 
except the cricothyroid. Its branches are as 
follows: 

Cardiac branches are given off as the 
nerve loops around the subclavian artery or 
the aorta. These are described below as the 
inferior cardiac branches of the vagus. 

Tracheal and esophageal branches, more 
numerous on the left than on the right, are 
distributed to the mucous membranes and 
muscular coats (Fig. 12-23). 

Pharyngea! branches are filaments to the 
constrictor pharyngis inferior. 

Sensory and_ secretomotor filaments, 
which reach the recurrent through the com- 
munication with the internal branch of the 
superior laryngeal, supply the mucous mem- 
brane of the larynx below the vocal folds. 
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The inferior laryngeal nerves are the ter- 
minal branches that supply motor fibers to 
all the intrinsic muscles of the larynx except 
the cricothyroid. 


VARIATIONS. When the right subclavian artery 
arises from the descending aorta, the recurrent 
nerve arises in the neck and passes directly to the 
larynx. 


Branches of Vagus Nerve in the Thorax 


INFERIOR CARDIAC BRANCHES, The inferior 
cardiac branches’ (thoracic cardiac 
branches) arise on the right side from the 
trunk of the vagus as it lies by the side of the 
trachea and from the recurrent nerve, and on 
the left side from the recurrent nerve only. 
They end in the deep part of the cardiac 
plexus. 

The visceral efferent fibers to the heart in 
all the cardiac branches are preganglionic. 
After passage through the cardiac and coro- 
nary plexuses, these fibers form synapses 
with groups of ganglion cells in the heart 
wall, and the postganglionic fibers terminate 
about the conduction system and muscula- 
ture of the heart. 

The visceral afferent fibers from cells in 
the inferior ganglion traverse the cardiac 
plexus and cardiac nerves, supplying the 
heart and great vessels. 

The visceral afferent fibers that supply the 
aortic bodies (glomera aortica) are carried 
mainly by the cardiac branches of the right 
vagus, and those that supply the supracardia! 
bodies (aortic paraganglia) are carried 
mainly by those of the left vagus. These bod- 
ies are chemoreceptors similar to the carotid 
body; the cell bodies of the afferent fibers are 
in the inferior ganglion (Hollinshead; 1939, 
1940). 


DEPRESSOR NERVE OR NERVE OF CYON. In some 
animals, the afferent fibers of the vagus from the 
heart and great vessels are largely contained in a 
separate nerve whose stimulation causes depression 
of the activity of the heart. In man, these fibers are 
probably contained in the inferior cardiac branches 
(Mitchell, 1953). 


ANTERIOR BRONCHIAL BRANCHES. The ante- 
rior bronchial branches (anterior or ventral 
pulmonary branches) are two or three small 
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nerves on the ventral surface of the root of 
the lung that join with filaments from the 
sympathetic to form the anterior pulmonary 
plexus. From this plexus, filaments follow 
the ramifications of the bronchi and pulmo- 
nary vessels, or communicate with the car- 
diac or posterior pulmonary plexuses. 

POSTERIOR BRONCHIAL BRANCHES. The 
posterior bronchial branches (posterior or 
dorsal pulmonary branches) (Fig. 12-25) are 
numerous offshoots from the main trunk of 
the vagus as it passes dorsal to the root of the 
lung. The vagus itself in this region is flat 
and spread out so that it combines with the 
bronchial branches and with the sympa- 
thetic communications to form what is 
called the posterior pulmonary plexus. The 
plexus has communications with the car- 
diac, aortic, and esophageal plexuses and its 
branches follow the ramifications of the 
bronchi and pulmonary vessels. 

The visceral efferent fibers form synapses 
with small groups of ganglion cells in the 
walls of the bronchi, and the postganglionic 
fibers terminate in the nonstriated muscle 
and glands of the bronchi. 

Afferent fibers supply the lungs and bron- 
chi. 

ESOPHAGEAL BRANCHES. The esophageal 
branches (Fig. 12-25) consist of superior fila- 
ments from the recurrent nerve and inferior 
branches from the trunk of the vagus and the 
esophageal plexus. They contain both vis- 
ceral efferent (parasympathetic pregangli- 
onic) and visceral afferent fibers. 

ESOPHAGEAL PLEXUS. The fibers of the 
vagus caudal to the root of the lung split into 
several bundles (Fig. 12-25), usually two to 
four larger bundles and a variable number 
of smaller parallel and communicating 
strands on each side, which spread out on 
the esophagus and become partly embedded 
in its adventitial coat. Filaments are given off 
for the innervation of the esophagus and 
therearecommunications withthesplanchnic 
nerves and sympathetic trunk, forming as a 
whole the esophageal plexus. The bundles 
from the left vagus (Fig. 12-24) gradually 
swing around to the ventral surface of the 
esophagus; those from the right vagus (Fig. 
12-25) swing to the dorsal surface. Just cra- 
nial to the diaphragm, the larger bundles 
from the left vagus usually combine with 
one or two strands from the right on the ven- 
tral surface of the esophagus to form a single 


trunk, and this newly constituted vagus, 
which is not strictly the equivalent of the left 
vagus, passes through the esophageal hiatus 
of the diaphragm as the anterior vagus. A 
similar combination on the dorsal surface of 
the esophagus, mostly right vagus but with a 
communication from the left, passes through 
the esophageal hiatus as the posterior vagus 
(Jackson, 1949). 


Branches of the Anterior and Posterior 
Vagi in the Abdomen 


The branches in the abdomen (Figs. 12-71; 
12-72) contain both visceral efferent (para- 
sympathetic preganglionic) and visceral af- 
ferent fibers. The cells of the postganglionic 
fibers of the stomach and intestines are in 
the myenteric plexus (of Auerbach!) and 
the submucous plexus (of Meissner’); those 
of the glands are either in small local groups 
of ganglion cells or possibly in the celiac 
plexus. 

GASTRIC BRANCHES. Usually four to six 
branches are given off by both anterior and 
posterior vagi at the cardiac end of the stom- 
ach. They fan out over their respective sur- 
faces of the fundus and body and penetrate 
the wall to be distributed to the myenteric 
and submucous plexuses. On both anterior 
and posterior surfaces, one branch, longer 
than the others, follows along the lesser cur- 
vature and has been called the principal 
nerve of the lesser curvature; it is distributed 
to the pyloric vestibule rather than the pylo- 
rus itself. 

HEPATIC BRANCHES. The hepatic branches 
from the anterior vagus are larger than those 
from the posterior vagus. They cross from 
the stomach to the liver in the lesser omen- 
tum and continue along the fissure for the 
ductus venosus to the porta hepatis, where 
they give off right and left branches to the 
liver. The large hepatic branch of the ante- 
rior vagus contributes to the plexus on the 
hepatic artery and has the _ following 
branches: 

(1) Branches to the gallbladder and bile 
ducts come from the hepatic branches or the 
plexus on the artery. 


‘Leopold Auerbach (1828-1897): A German anatomist 
and neuropathologist (Breslau). 

*Georg Meissner (1829-1905): A German physiologist 
(Basle and G6ttingen). 


(2) A pancreatic branch runs dorsalward 
to its destination. 

(3) A branch along the right gastric artery 
is distributed to the pylorus and the first part 
of the duodenum. 

(4) A branch accompanies the gastroduo- 
denal artery and right gastroepiploic artery 
and is distributed to the duodenum and 
stomach. 

CELIAC BRANCHES. A large terminal divi- 
sion of the posterior vagus follows the left 
gastric artery or runs along the crus of the 
diaphragm to the celiac plexus. The terminal 
branches cannot be followed once the nerve 
has entered the plexus, but the vagus fibers, 
through the secondary plexuses, reach the 
duodenum, pancreas, kidney, spleen, small 
intestine, and large intestine as far as the 
splenic flexure. Before the nerve enters the 
plexus it may give a branch to the superior 
mesenteric artery or to the aortic plexus (see 
Celiac Plexus). 


XI. THE ACCESSORY NERVE 


The accessory nerve (eleventh nerve; spi- 
nal accessory nerve) (Fig. 12-22) is a motor 
nerve consisting of two parts, a cranial and a 
spinal part. 

CRANIAL PART. The cranial part (r. internus; 
accessory portion) arises by four or five deli- 
cate cranial rootlets from the side of the 
medulla oblongata, inferior to and in series 
with those of the vagus. From its deep origin 
and from its destination, it might well be 
considered a part of the vagus. It runs 
lateralward to the jugular foramen, where it 
interchanges fibers with the spinal part or 
becomes united with it for a short distance, 
and has one or two filaments of communiCca- 
tion with the superior ganglion of the vagus. 
It then passes through the jugular foramen, 
separates from the spinal part and joins the 
vagus as the ramus internus, just proximal to 
the inferior ganglion. Its fibers are distributed 
through the pharyngeal branch of the vagus 
to the uvula, levator veli palatini, and the 
pharyngeal constrictor muscles, and through 
the superior and inferior laryngeal branches 
of the vagus to the muscles of the larynx and 
the esophagus. 

SPINAL PART. The spinal part (r. externus; 
spinal portion) originates from motor cells 
in the lateral part of the ventral column of 
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gray substance of the first five cervical seg- 
ments of the spinal cord. The fibers pass 
through the lateral funiculus, emerge on the 
surface as the spinal rootlets, and join each 
other seriatim as they follow up the cord 
between the ligamentum denticulatum and 
the dorsal rootlets of the spinal nerves. The 
nerve passes through the foramen magnum 
into the cranial cavity, crosses the occipital 
bone to the jugular notch, and penetrates the 
dura mater over the jugular bulb as the 
ramus externus (Fig. 12-1). It passes through 
the jugular foramen in the same sheath of 
dura as the vagus, but is separated from it by 
a fold of the arachnoid. In the jugular fora- 
men, it interchanges fibers with the cranial 
part or joins it for a short distance and sepa- 
rates from it again. At its exit from the fora- 
men, it turns dorsalward, lying ventral to the 
internal jugular vein in two-thirds and dor- 
sal to it in one-third of the bodies. It passes 
posterior to the stylohyoid and digastric 
muscles to the cranial part of the sterno- 
cleidomastoid muscle, which it pierces, and 
then courses obliquely caudalward across 
the posterior triangle of the neck to the ven- 
tral border of the trapezius muscle (Fig. 12- 
22). In the posterior triangle it is covered 
only by the outer investing layer of deep fas- 
cia, the subcutaneous fascia and the skin 
(Fig. 12-35). 

COMMUNICATIONS AND BRANCHES. ‘The 
accessory nerve communicates with the sec- 
ond, third, and fourth cervical nerves, and 
assuming a plexiform arrangement, it con- 
tinues on the deep surface of the trapezius 
almost to its caudal border (Fig. 12-22). Ex- 
perimental observations with monkeys indi- 
cate that the communications with the cervi- 
cal nerves carry proprioceptive sensory 
fibers from cells in the dorsal root ganglia of 
the spinal nerves. The branches of the acces- 
sory nerve are as follows: 

(1) Sternocleidomastoid branches are 
given off as the nerve penetrates this muscle. 

(2) Trapezius branches are supplied from 
the part of the nerve lying deep to the mus- 
cle. 


VARIATIONS. The lower limit of the origin of the 
spinal part may vary from C3 to C7. It may pass 
beneath the sternocleidomastoid muscle without 
piercing it, and in one instance it ended in that mus- 
cle, the trapezius being supplied by the third and 
fourth cervical nerves. 
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XIt. HYPOGLOSSAL NERVE 


The hypoglossal nerve (twelfth nerve) 
(Figs. 12-21; 12-36) is the motor nerve of the 
tongue. Its superficial origin from the me- 
dulla oblongata is by a series of rootlets in 
the ventrolateral sulcus between the pyra- 
mid and the olive. 

The rootlets are collected into two bun- 
dles that perforate the dura mater sepa- 
rately, opposite the hypoglossal canal in the 
occipital bone, and unite after their passage 
through it; in some instances the canal is di- 
vided by a small bony spicule. As the nerve 
emerges from the skull, it is deeply placed 
beneath the internal carotid artery and the 
internal jugular vein and is closely bound to 
the vagus nerve. It runs caudalward and for- 
ward between the vein and artery, becomes 
superficial to them near the angle of the 
mandible, loops around the occipital artery, 
and passes anteriorly across the external 
carotid and lingual arteries caudal to the 
tendon of the digastric muscle (Fig. 12-36). It 
curves slightly cranialward above the hyoid 
bone, and passes deep to the tendon of the 
digastric and the stylohyoid muscle, be- 
tween the mylohyoid and the hyoglossus 
muscles, and continues anteriorly among the 
fibers of the genioglossus as far as the tip of 
the tongue, distributing branches to the in- 
trinsic muscles. 

COMMUNICATIONS. The communications 
with the vagus nerve occur close to the skull; 
numerous filaments pass between the hypo- 
glossal and the inferior ganglion of the vagus 
through the mass of connective tissue that 
binds the two nerves together. As the nerve 
winds around the occipital artery, it commu- 
nicates by a filament with the pharyngeal 
plexus. The communication with the sympa- 
thetic system takes place opposite the atlas 
by branches of the superior cervical gan- 
glion. 

The lingual nerve communicates with the 
hypoglossal nerve near the anterior border 
of the hyoglossus muscle by numerous fila- 
ments that lie upon the muscle. The commu- 
nication that occurs opposite the atlas, be- 
tween the hypoglossal nerve and the loop 
connecting the anterior primary divisions 
of the first and second cervical nerves is 
especially significant because it contains 
the motor fibers for the nerves to the supra- 
and infrahyoid muscles. This communica- 
tion probably also contains sensory fibers 


from the cranialmost cervical dorsal root 
ganglia. 

BRANCHES. Meningeal branches are min- 
ute filaments that are given off in the hypo- 
glossal canal and pass back to the dura 
mater of the posterior cranial fossa. They 
probably contain sensory fibers communi- 
cated to the hypoglossal nerve from the 
loop between the first and second cervical 
nerves. 

The superior root of the ansa cervicalis 
(descending hypoglossal) (Figs. 12-26; 12-36) 
is a long slender branch that leaves the hy- 
poglossal nerve as it loops around the occip- 
ital artery. It runs along the superficial sur- 
face of the carotid sheath to the middle of 
the neck, gives a branch to the superior belly 
of the omohyoid muscle, and becomes the 
medial arm of a loop, the ansa cervicalis 
(ansa hypoglossi*). The lateral arm of the 
loop is the inferior root of the ansa cervicalis 
(descending cervical) from the second and 
third cervicals. The branches from the loop 
supply (1) the inferior belly of the omohyoid, 
(2) the sternohyoid, and (3) the sternothyroid 
muscles. The fibers in the descending hypo- 
glossal nerve originate in the first cervical 
spinal segment, not in the hypoglossal nu- 
cleus, and pass through the communication 
between the first cervical nerve and the hy- 
poglossal nerve described previously. 

The thyrohyoid branch and the geniohy- 
oid branch are also made up of fibers from 
the first cervical nerve. They leave the hypo- 
glossal nerve near the posterior border of the 
hyoglossus muscle. The thyrohyoid branch 
runs obliquely across the greater cornu of 
the hyoid bone to reach the muscle it sup- 
plies. 

The muscular branches that contain true 
hypoglossal fibers are distributed to the 
styloglossus, hyoglossus, genioglossus, and 
intrinsic muscles of the tongue. At the un- 
dersurface of the tongue, numerous slender 


*The Paris Nomenclature has changed the name of this 
loop from ansa hypoglossi to ansa cervicalis. The names 
ansa hypoglossi, descending hypoglossal, and descend- 
ing cervical are still important to mention because (1) 
there usually are several cervical loops and (2) the great- 
est importance of the name, ansa hypoglossi, is to the 
surgeon, who would identify it by its connection with 
the hypoglossal nerve rather than the cervical nerves. 
Knowledge of its cervical origin has been obtained 
largely through clinical observations and animal experi- 
mentation, not from dissection. 
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branches pass cranialward into the sub- 
stance of the organ to supply its intrinsic 
muscles. The branches of the hypoglossal 
nerve to the tongue probably contain propri- 
oceptive sensory fibers with cells of origin in 
the first (if present) and second cervical dor- 
sal root ganglia. 


Spinal Nerves 


The spinal nerves arise from the spinal 
cord within the spinal canal and pass out 
through the intervertebral foramina. The 31 
pairs are grouped as follows: 8 cervical; 12 
thoracic; 5 lumbar; 5 sacral; 1 coccygeal. The 
first cervical leaves the vertebral canal be- 
tween the occipital bone and the atlas and 
is therefore called the suboccipital nerve; 
the eighth cervical nerve leaves between 
the seventh cervical and first thoracic verte- 
brae. 


ROOTS OF THE SPINAL NERVES. Each spinal 
nerve is attached to the spinal cord by two 
roots, a ventral or motor root, and a dorsal or 
sensory root (Figs. 11-21; 12-27). 

The ventral root (anterior root; motor 
root) emerges from the ventral surface of the 
spinal cord as a number of rootlets or fila- 
ments (fila radicularia), which usually com- 
bine to form two bundles near the interver- 
tebral foramen. 

The dorsal root (posterior root; sensory 
root) is larger than the ventral root because 
of the greater size and number of its rootlets; 
these are attached along the ventral lateral 
furrow of the spinal cord and unite to form 
two bundles, which enter the spinal gan- 
glion. 

The dorsal and ventral roots unite imme- 
diately beyond the spinal ganglion to form 
the spinal nerve, which then emerges 
through the intervertebral foramen. Both 
nerve roots receive a covering from the pia 
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mater and are loosely invested by the arach- 
noid, the latter being prolonged as far as the 
points where the roots pierce the dura mater. 
The two roots pierce the dura separately, 
each receiving from this membrane a sheath 
which becomes continuous with the connec- 
tive tissue of the epineurium after the roots 
join to form the spinal nerve. 

The spinal ganglion (ganglion spinale, 
dorsal root ganglion) is a collection of nerve 
cells on the dorsal root of the spinal nerve. It 
is oval and proportional in size to the dor- 
sal root on which it is situated; it is bifid 
medially where it is joined by the two bun- 
dles of rootlets. The ganglion is usually 
placed in the intervertebral foramen, imme- 
diately outside the dura mater, but there are 
exceptions to this rule: the ganglia of the first 
and second cervical nerves lie on the verte- 
bral arches of the axis and atlas respectively, 
those of the sacral nerves are inside the ver- 
tebral canal. and that of the coccygeal nerve 
is within the sheath of the dura mater. 


Size and Direction. \n the cervical region, the 
roots of the first four nerves are small, the last four, 
large, and the dorsal roots, three times as large as 
the ventral, a larger proportion than in any other 


region; their individual filaments are also larger than 
in the ventral roots. The first cervical is an exception; 
its dorsal root is smaller than its ventral root. The 
roots of the first and second cervical nerves are short 
and run nearly horizontally to their exits from the 
vertebral canal. The roots of the third to the eighth 
nerves run obliquely caudalward, the obliquity and 
length successively increasing. 

In the thoracic region the roots, with the exception 
of the first, are small, and the dorsal root is only 
slightly larger than the ventral root. They increase 
successively in length, and in the more caudal tho- 
racic region they descend in contact with the spinal 
cord for a distance equal to the height of at least two 
vertebrae before they emerge from the vertebral 
canal. 

The largest roots with the most numerous individ- 
ual filaments are found in the lumbar and superior 
sacral regions. The roots of the coccygeal nerve are 
the smallest. The roots of the lumbar, sacral, and 
coccygeal nerves run vertically caudalward, and 
since the spinal cord ends near the lower border of 
the first lumbar vertebra, the roots of the successive 
segments are increasingly long. The name cauda 
equina is given to the resulting collection of nerve 
roots below the termination of the spinal cord. The 
largest nerve roots, and consequently the largest 
Spinal nerves, are attached to the cervical and to the 
lumbar swellings of the spinal cord; these are the 
nerves largely distributed to the upper and lower 
limbs. 


GRAY RAM! COMmuNICcaANTES. The gray 
rami COmmunicantes (postganglionic rami) 
contain the postganglionic fibers from the 
adjacent sympathetic chain ganglia. These 
fibers are visceral efferents that run in the 
nerves and their branches toward the pe- 
riphery, where they supply the smooth mus- 
cle in the blood vessel walls, the arrectores 
pilorum muscles, and the sweat glands. 
since there are not as many sympathetic 
ganglia as there are spinal nerves, some gan- 
glia supply rami to more than one nerve. Al- 
though variations are common, a simple 
plan may be given as follows: The first four 
cervical nerves receive their rami from the 
superior cervical ganglion; the fifth and sixth 
cervical nerves, from the middle ganglion; 
and the seventh and eighth cervical nerves, 
from the inferior cervical ganglion. The first 
ten thoracic nerves receive rami from corre- 
sponding ganglia, but the eleventh and 
twelfth receive rami from a single coalesced 
ganglion. The lumbar and sacral nerves re- 
ceive their rami from a variable number of 
ganglia that correspond only approximately 
with the nerves. 

Each spinal nerve usually receives two or 
three sympathetic gray rami communicantes. 
They join the nerve just distal to the union 
between the dorsal and ventral roots, and in 
the thoracic and upper lumbar region are 
regularly medial to the white rami com- 
municantes. The latter are the branches of 
the spinal nerves that carry preganglionic 
fibers to the sympathetic chain. The ventral 
and dorsal primary divisions may each re- 
ceive a ramus, but if the rami join the ventral 
division only, some of the fibers course back 
centrally until they can reach the dorsal di- 
vision (Dass, 1952). 

WHITE RAMUS COMMUNICANTES. The white 
ramus communicans (preganglionic ramus) 
is the branch of the spinal nerve through 
which the preganglionic fibers from the spi- 
nal cord reach the sympathetic chain and 
are thus the roots of the sympathetic ganglia. 
They arise from the twelve thoracic and first 
two lumbar nerves only and usually join the 
sympathetic chain at or near a ganglion. 
They leave the ventral primary division of 
the spinal nerve soon after it has emerged 
from the intervertebral foramen. 

A small meningeal branch is given off 
from each spinal nerve immediately after it 
emerges from the intervertebral foramen. 
This branch reenters the vertebral canal 
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through the foramen, supplies afferent fibers 
to the vertebrae and their ligaments, and car- 
ries sympathetic postganglionic fibers to the 
blood vessels of the spinal cord and its mem- 
branes. 

Primary oivisions. The spinal nerve 
splits into its two primary divisions, ventral 
and dorsal, almost as soon as the two roots 
join, and both divisions receive fibers from 
both roots. 


DORSAL PRIMARY DIVISIONS 
OF THE SPINAL NERVES 


The dorsal primary divisions are smaller, 
as arule, than the ventral divisions. As they 
arise from the spinal nerve, they are directed 
dorsalward, and with the exception of those 
of the first cervical, the fourth and fifth sac- 
ral, and the coccygeal, divide into medial 
and lateral branches for the supply of the 
muscles and skin of the dorsal part of the 
neck and trunk (Fig. 12-52). 


Cervical Nerves 


In the first cervical or suboccipital nerve 
the dorsal primary division is larger than the 
ventral. It emerges from the spinal canal 
superior to the posterior arch of the atlas 
and inferior to the vertebral artery to enter 
the suboccipital triangle. It supplies the 
muscles that bound this triangle, namely, the 
rectus capitis posterior major and_ the 
obliqui superior and inferior, and it gives 
branches to the rectus capitis posterior 
minor and the semispinalis capitis (Fig. 12- 
28). A filament from the branch to the 
obliquus inferior joins the dorsal division of 
the second cervical nerve. 


VARIATIONS. The first nerve occasionally has a 
cutaneous branch that accompanies the occipital 
artery to the scalp and communicates with the 
greater and lesser occipital nerves. 


The dorsal division of the second cervical 
nerve is much larger than the ventral divi- 
sion and is the greatest of the cervical dorsal 
divisions. It emerges between the posterior 
arch of the atlas and the lamina of the axis, 
caudal to the obliquus inferior muscle, 
which it supplies. It communicates with the 
first cervical and then divides into a large 
medial branch and a small lateral branch. 
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FiG. 12-28. Dorsal primary divisions of the upper three cervical nerves. 


The greater occipital nerve (Figs. 12-28: 
12-35) is the name given to the medial 
branch because of its size and distribution. It 
crosses obliquely between the obliquus infe- 
rior and the semispinalis capitis muscles, 
pierces the latter and the trapezius near their 
attachments to the occipital bone, and _ be- 
comes subcutaneous (Fig. 12-28). It commu- 
nicates with the third cervical nerve, runs 
upward on the back of the head with the 
occipital artery, and divides into branches 
that supply the scalp over the vertex and top 
of the head, communicating with the lesser 
occipital nerve. It gives muscular branches 
to the semispinalis capitis. 

The lesser occipital nerve is described 
with the ventral primary divisions. 

The lateral branch (external branch) sup- 
plies branches to the splenius and semispi- 
nalis capitis muscles and often communi- 
cates with the lateral branch of the third 
nerve. 

The dorsal division of the third cervical 
nerve is intermediate in size between the 
second and fourth. Its medial branch runs 
between the semispinalis capitis and cervicis 
muscles, pierces the splenius and the trape- 
zius, and gives branches to the skin. 

The third occipital nerve (least occipital 


nerve) is the cutaneous part of the third 
nerve. It pierces the trapezius medial to the 
greater occipital nerve, with which it com- 
municates, and is distributed to the skin of 
the lower part of the back of the head (Fig. 
12-28). The lateral branch communicates 
with that of the second cervical nerve, sup- 
plies the same muscles, and gives a branch to 
the longissimus capitis muscle. 

The dorsal primary divisions of the fourth 
to eighth cervical nerves divide into medial 
and lateral branches. The medial branches 
of the fourth and fifth cervical nerves run 
between the semispinalis capitis and cervicis, 
which they supply; near the spinous proc- 
esses of the vertebrae they pierce the 
splenius and trapezius muscles to end in the 
skin (Fig. 12-31). Those of the lower three 
nerves are small and end in the semispinalis 
cervicis and capitis, the multifidus, and the 
interspinales. The lateral branches of the 
lower five nerves supply the splenius, 
iliocostalis cervicis, and the longissimus 
capitis and cervicis muscles. 


VARIATIONS. The dorsal division of the first cervi- 
cal nerve and the medial branches of the dorsal divi- 
sions of the second and third cervical nerves are 
sometimes joined by the communicating loops to 


form a posterior cervical plexus (of Cruveilhier).! 
The greater and lesser occipital nerves vary recipro- 
cally with each other; the greater may communicate 
with the great auricular or posterior auricular nerves, 
and a branch to the auricula has been observed. The 
cutaneous branch of the fifth nerve may be lacking 
and the lower cervical nerves occasionally have cu- 
taneous twigs. 


Thoracic Nerves 


The dorsal primary divisions of all the 
thoracic nerves have medial and lateral 
branches, but the cutaneous branches in the 
more cranial thorax are different from those 
in the more caudal thorax. 

The medial branch (internal branch) (Fig. 
12-52) from the dorsal divisions of the upper 
six thoracic nerves passes between and sup- 
plies the semispinalis and multifidus mus- 
cles, pierces the rhomboidei and trapezius, 
and approaching the surface close to the spi- 
nous process of the vertebra (Fig. 12-31), ex- 
tends out laterally to the skin over the back. 
The medial branches of the lower six nerves 
end in the transversospinales and longissi- 
mus muscles, usually without cutaneous 
branches. 

The lateral branches (external branches) 
run through or deep to the longissimus to the 
interval between it and the iliocostalis mus- 
cles, which they supply. They gradually in- 
crease in size from the first to the twelfth; the 
cranial six nerves end in the muscles, but the 
more caudal six have cutaneous branches 
that pierce the serratus posterior inferior 
and the latissimus dorsi along the junction 
between the fleshy and aponeurotic portions 
of the latter muscle (Fig. 12-31). 

The cutaneous portions of both medial 
and lateral branches have a caudalward 
course that becomes more pronounced cau- 
dally, so that the twelfth nerve reaches down 
to the skin of the buttocks. The cutaneous 
part of the first thoracic nerve may be lack- 
ing. Both medial and lateral branches of 
some nerves may have cutaneous fibers, es- 
pecially those of the sixth, seventh, and 
eighth thoracic nerves (Fig. 12-32). 


Lumbar Nerves 


The medial branches of the dorsal pri- 
mary divisions of the lumbar nerves run 
close to the articular processes of the verte- 
brae and end in the multifidus muscle. 


ean Cruveilhier (1791-1874): A French pathologist 
(Paris). 
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The lateral branches supply the sacrospi- 
nalis muscle. The upper three give off cuta- 
neous nerves that pierce the aponeurosis of 
the latissimus dorsi at the lateral border of 
the sacrospinalis and cross the posterior part 
of the iliac crest to be distributed, as the su- 
perior clunial nerves, to the skin of the but- 
tocks as far as the greater trochanter (Fig. 
12-31). 


Sacral and Coccygeal Nerves 


The dorsal divisions of the sacral nerves 
are small and diminish in size distally; they 
emerge, except the last, through the poste- 
rior sacral foramina under cover of the 
multifidus muscle. 

The medial branches of the first three are 
small and end in the multifidus. 

The lateral branches of the first three 
nerves join with one another and with the 
last lumbar and fourth sacral nerves to form 
loops on the dorsal surface of the sacrum 
(Fig. 12-33). From these loops branches run 
to the dorsal surface of the sacrotuberous 
ligament and form a second series of loops 
under the gluteus maximus. From this sec- 
ond series two or three cutaneous branches 
pierce the gluteus maximus along a line 
from the posterior superior iliac spine to the 
tip of the coccyx, and they supply the skin 
over the medial part of the buttocks. 

The dorsal divisions of the last two sacral 
nerves and the coccygeal nerves do not di- 
vide into medial and lateral branches, but 
unite with each other on the back of the sac- 
rum, to form loops that supply the skin over 
the coccyx. 


VENTRAL PRIMARY DIVISIONS 
OF THE SPINAL NERVES 


The ventral primary divisions of the spi- 
nal nerves supply the ventral and lateral 
parts of the trunk and all parts of the limbs. 
They are, for the most part, larger than the 
dorsal divisions. In the thoracic region they 
remain independent of one another, but in 
the cervical, lumbar, and sacral regions they 
unite near their origins to form plexuses. 


Cervical Nerves 


The ventral division of the first cervical or 
suboccipital nerve issues from the vertebral 
canal cranial to the posterior arch of the 
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Fic. 12-29. Distribution of cutaneous nerves 
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Fic. 12-30. Distribution of cutaneous nerves. Dorsal aspect. 


Fig. 12-29, 12-30. These figures (and others like them) show areas of distribution on the skin supplied by each of the 
spinal nerves. The work of Sherrington has demonstrated that the “sensory root field” of a particular dorsal root 
ganglion overlaps that of the zones or ‘“dermatomes” supplied by the ganglion above and below (Fig. 12-32). In fact, 


fibers carrying different modalities, i.e., pain and touch, vary in the amount of this overlap. 
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Fic. 12-31. Diagram of the distribution of the cutane- 
ous branches of the dorsal divisions of the spinal nerves. 


atlas and runs rostralward around the lateral 
aspect of the superior articular process, 
medial to the vertebral artery. In most in- 
stances it is medial and anterior to the rectus 
capitis lateralis, but occasionally it pierces 
the muscle. 

The ventral divisions of the other cervical 
nerves pass outward between the anterior 
and posterior intertransversarii, lying on the 
grooved cranial surfaces of the transverse 
processes of the vertebrae. The first four cer- 
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Fic. 12-32. Areas of distribution of the cutaneous 
branches of the dorsal divisions of the spinal nerves. The 
areas of the medial branches are in black; those of the 
lateral, in red. (H. M. Johnston.) 


vical nerves form the cervical plexus; the 
last four, together with the first thoracic, 
form the brachial plexus. They all receive 
gray rami communicantes from the sympa- 
thetic chain. 


Cervical Plexus 


The cervical plexus (Fig. 12-34) is formed 
by the ventral primary divisions of the first 
four cervical nerves; each nerve, except the 
first, divides into a superior and inferior 
branch, and the branches unite to form three 
loops. The sympathetic rami may join the 
nerves or the loops. The plexus is situated 
opposite the cranial four cervical vertebrae, 
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Fic. 12-33. The dorsal divisions of the sacral nerves. 


ventrolateral to the levator scapulae and 
scalenus medius and deep to the sternocleido- 
mastoid muscle. 

The cervical plexus has communications 
with certain cranial nerves and muscular 
and cutaneous branches, which may be ar- 
ranged in tabular form as follows; the num- 
bers indicate the segmental components. 


A. Communicotions of the 
Cervical Plexus 


1. With vagus nerve © 1,22 

2. With hypoglossal nerve S12 

3. With accessory nerve C2 de4 
B. Superficiol or Cutoneous 

Branches 

1. Lesser occipital Ge 

2. Great auricular CG 2;3 

3. Anterior cutaneous* Cw 

4. Supraclavicular Go. 

C. Deep or Muscular Bronches 

9. Rectus capitis anterior Sis bg 
and lateralis oo 

6. Longus capitus Clee 3 
and colli C234 


7. Geniohyoid Gi, (2) 
Thyrohyoid er i(2) 
Omohyoid (superior) Gel, (2) 

8. Sternohyoid 2,3 
Sternothyroid C2, 3 
Omohyoid (inferior) G23 

9. Phrenic C 3, 4, 5 

10. Sternocleidomastoid C243 
11. Trapezius C 3, 4 
12. Levator scapulae G3, 4 
13. Scalenus medius C 3, 4 


*This name conforms with names in more caudal seg- 
ments. 


COMMUNICATIONS OF THE CERVICAL PLEXUS 


VAGUS NERVE. The communication with 
the vagus nerve is between the loop connect- 
ing the first and second nerves and the infe- 
rior ganglion. 

HYPOGLOSSAL NERVE. The communication 
with the hypoglossal nerve (Figs. 12-26; 12- 
34) is a short bundle that leaves the loop be- 
tween the first and second nerves. The great 
bulk of its fibers are from the first nerve; it 
runs distally with hypoglossal nerve for 3 or 
4 cm and leaves it again as the superior root 
(descending hypoglossal). It contains motor 
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Fic. 12-34. 


and proprioceptive fibers for certain hyoid 
muscles and is described later as part of the 
ansa cervicalis (ansa hypoglossi). 

ACCESSORY NERVE. The communications 
with the accessory nerve (Fig. 12-34) leave 
the cervical plexus at several points: (a) one 
leaves the loop between the second and 
third nerves, frequently appearing to come 
from the lesser occipital nerve (C 2), and 
joins the fibers of the accessory, which sup- 
ply the sternocleidomastoid; (b) a bundle 
leaves the third nerve, sometimes in associa- 
tion with the great auricular nerve, and joins 
the accessory fibers to the trapezius; (c) one 
or two bundles leave the fourth nerve and 
join the accessory nerve directly or enter 
into a network on the deep surface of the 
trapezius. These communications contain 
proprioceptive sensory fibers (Corbin and 
Harrison, 1939). 


Dorsalis scapulae n. 












N. to rect. 
cap. ant. m. 


N. to longus cap. 


Superior cervical 
sympathetic 
ganglion 


N. to long. cap. 
N. to intertransv. 
N. to long. 

cap. and col. 

N. to intertrans. 
N. to levator scap. 
N. to long. colli 


N. to intertrans. 


N. to scalenus med. 


Middle cervical 
sympathetic ganglion 


Phrenic n. 


Plan of the cervical plexus. 


SUPERFICIAL OR CUTANEQUS BRANCHES 
OF THE CERVICAL PLEXUS 


LESSER OCCIPITAL NERVE. The lesser OcCip- 
ital nerve (Fig. 12-35) arises from the 
second cervical nerve or the loop between 
the second and third nerves and ascends 
along the sternocleidomastoid muscle, curv- 
ing around its posterior border. Near the in- 
sertion of the muscle on the cranium, it 
perforates the deep fascia and continues 
upward along the side of the head behind 
the ear, supplying the skin and communicat- 
ing with the greater occipital nerve, the great 
auricular nerve, and the posterior auricular 
branch of the facial nerve. It has an auricu- 
lar branch that supplies the upper and back 
part of the auricula, communicating with 
the mastoid branch of the great auricular 
nerve. 
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Fic. 12-35. The nerves of the scalp, face, and side of neck. 


VARIATIONS. The lesser occipital nerve varies re- 
ciprocally with the greater occipital nerve; it is fre- 
quently duplicated or may be wanting. 


GREAT AURICULAR NERVE. The great auric- 
ular nerve (Fig. 12-35), larger than the pre- 
ceding, arises from the second and third 
nerves, winds around the posterior border of 
the sternocleidomastoid muscle, and after 
perforating the deep fascia, ascends on the 
surface of that muscle but deep to the pla- 
tysma and divides into an anterior and a 
posterior branch. 

The anterior branch (facial branch) is dis- 
tributed to the skin of the face over the pa- 
rotid gland. It communicates in the sub- 
stance of the gland with the facial nerve. 


The posterior branch (mastoid branch) 
supplies the skin over the mastoid process 
and back of the auricula except its upper 
part; a filament pierces the auricula to reach 
its lateral surface, where it is distributed to 
the lobule and lower part of the concha. It 
communicates with the smaller occipital 
nerve, the auricular branch of the vagus, and 
the posterior auricular branch of the facial 
nerve. 

ANTERIOR CUTANEOUS NERVE. The anterior 
cutaneous nerve (Fig. 12-35) arises from the 
second and third cervical nerves and bends 
around the posterior border of the sterno- 
cleidomastoid at its middle. Crossing the 
surface of the muscle obliquely as it runs 
horizontally ventralward, it perforates the 
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deep fascia, passing deep to the external jug- 
ular vein, pierces the platysma, and divides 
into ascending and descending branches. 

The ascending branches (rr. superiores) 
pass cranialward to the submandibular re- 
gion, pierce the platysma, and are distrib- 
uted to the cranial, ventral, and lateral parts 
of the neck. One filament accompanies the 
external jugular vein toward the angle of the 
mandible and communicates with the cervi- 
cal branch of the facial nerve under cover of 
the platysma. 

The descending branches (rr. inferiores) 
pierce the platysma and are distributed to 
the skin of the ventral and lateral parts of the 
neck as far down as the sternum. 

SUPRACLAVICULAR NERVES. The supracla- 
vicular nerves (descending branches) (Fig. 
12-35) arise from the third and fourth 
(mainly the fourth) cervical nerves. They 
emerge from under the posterior border of 
the sternocleidomastoid muscle and cross 
the posterior triangle of the neck under 
cover of the investing layer of deep fascia. 
Near the clavicle they perforate the fascia 
and platysma in three bundles or groups— 
medial, intermediate and lateral. 

The medial supraclavicular nerves (ante- 
rior supraclavicular nerves; suprasternal 
nerves) cross the external jugular vein, the 
clavicular head of the sternocleidomastoid 
muscle, and the clavicle to supply the skin of 
the medial infraclavicular region as far as 
the midline. They furnish one or two fila- 
ments to the sternoclavicular joint. 

The intermediate supraclavicular nerves 
(middle supraclavicular nerves) cross the 
clavicle and supply the skin over the pecto- 
ralis major and the deltoid and they commu- 
nicate with the cutaneous branches of the 
more cranial intercostal nerves. 

The lateral supraclavicular nerves (poste- 
rior supraclavicular nerves; supracromial 
nerves) pass Obliquely across the outer sur- 
face of the trapezius and the acromion, and 
supply the skin of the cranial and dorsal 
parts of the shoulder. 


VARIATIONS. One of the middle supraclavicular 
nerves may perforate the clavicle. 


DEEP DR MUSCULAR BRANCHES 
OF THE CERVICAL PLEXUS 


RECTUS CAPITIS BRANCHES. Branches to 
the rectus capitis anterior and rectus capitis 


lateralis come from the loop between the 
first and second nerves. 

LONGUS CAPITIS AND COLLI BRANCHES. 
Branches to the longus capitis and longus 
colli are given off separately; for the capitis 
from the first, second, and third; for the colli 
from the second, third, and fourth nerves. 

HYOID MUSCULATURE BRANCHES. Branches 
to the hyoid musculature (Fig. 12-36) are de- 
scribed previously as branches of the hypo- 
glossal nerve, but the fibers do not come 
from the hypoglossal nucleus in the brain; 
they originate instead from the cervical seg- 
ments of the spinal cord. Fibers communi- 
cated to the hypoglossal nerve from the first 
cervical nerve or from the loop between the 
first and second nerves leave the hypoglossal 
nerve again to appear as (1) individual 
branches to the geniohyoid, thyrohyoid 
or superior belly of the omohyoid, or (2) as 
the superior root (descendens hypoglossi) to 
join the inferior root (descendens cervi- 
calis) from the second and third cervical 
nerves to form the ansa cervicalis (ansa hy- 
poglossi). 

The nerve to the geniohyoid leaves the 
hypoglossal nerve distally and has a course 
similar to that of the thyrohyoid nerve. 

The nerve to the thyrohyoid (Fig. 12-36) 
leaves the hypoglossal nerve near the poste- 
rior border of the hyoglossus and runs ob- 
liquely across the greater cornu of the hyoid 
bone and enters the muscle as a slender fila- 
ment. It leaves the hypoglossal distal to the 
origin of the root superior of the ansa. 

The fibers for the superior belly of the 
omohyoid leave the superior root before it 
forms the ansa and reach the muscle as a 
slender filament. 

ANSA CERVICALIS. The ansa cervicalis 
(ansa hypoglossi) is a loop of slender nerves 
that may be somewhat plexiform, ventral 
and lateral to the common carotid artery and 
internal jugular vein. It is formed by fibers 
from the first cervical spinal segment that 
leave the hypoglossal nerve as the superior 
root (descendens hypoglossi), and the infe- 
rior root (descendens cervicalis) from the 
second and third cervical nerves. It usually 
lies superficial to the carotid sheath at about 
the level of the cricoid cartilage. 

The nerves to the sternohyoid and sterno- 
thyroid muscles leave the convexity of the 
loop and run down the superficial surface of 
the carotid artery to enter the muscles at the 
root of the neck. They may be separate fila- 
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Fic. 12-36. Hypoglossal nerve, cervical plexus, and their branches. 


ments or combined into a single nerve for a 
variable distance. 

The nerve to the inferior belly of the 
omohyoid leaves the convexity of the loop 
and runs lateralward across the neck deep to 
the intermediate tendon of the muscle to 
reach the inferior belly. 


VARIATIONS. The ansa is quite variable in posi- 
tion; it may occur at various levels. Frequently it is 
high near the bifurcation of the carotid, in which 
circumstance it may be within the carotid sheath. 
The superior root may appear to arise wholly or in 
part from the vagus. A branch to the sternoclei- 
domastoid and filaments entering the thorax to join 
the vagus or sympathetic have been described. 


PHRENIC NERVE. The phrenic nerve (inter- 
nal respiratory nerve of Bell’) (Fig. 12-37) is 
generally known as the motor nerve to the 


'Sir Charles Bell (1774-1842): A Scottish physiologist 
who worked in London. 


diaphragm, but it contains about half as 
many sensory as motor fibers, and it should 
not be forgotten that the lower thoracic 
nerves also contribute to the innervation of 
the diaphragm. The phrenic nerve originates 
chiefly from the fourth cervical nerve but is 
augmented by fibers from the third and fifth 
nerves. It lies on the ventral surface of the 
scalenus anterior, gradually crossing from 
its lateral to its medial border (Fig. 12-36). 
Under cover of the sternocleidomastoid, it is 
crossed by the inferior belly of the omohyoid 
and the transverse cervical and suprascapu- 
lar vessels. It continues with the scalenus 
anterior between the subclavian vein and 
artery, and as it enters the thorax, it crosses 
the origin of the internal thoracic artery and 
is joined by the pericardiacophrenic branch 
of this artery. It passes caudalward over the 
cupula of the pleura and ventral to the root 
of the lung, then along the lateral aspect of 
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Fig. 12-37. The phrenic nerve and its relations with the vagus nerve. 


the pericardium, between it and the medias- 
tinal pleura, unti! it reaches the diaphragm, 
where it divides into its terminal branches. 
At the root of the neck it is joined by a com- 
munication from the sympathetic trunk. 

The right nerve is more deeply placed, is 
shorter. and runs more vertically caudal- 
ward than the left. In the upper part of the 
thorax it is lateral to the right brachioce- 
phalic vein and the superior vena cava (Figs. 
12-37; 12-78). 

The left nerve is longer than the right be- 
cause of the inclination of the heart toward 
the left and because of the more caudal posi- 
tion of the diaphragm on this side. At the 


root of the neck it is crossed by the thoracic 
duct, and in the superior mediastinum it lies 
between the left common carotid and the 
subclavian arteries, and is lateral to the 
vagus as it crosses the left side of the arch of 
the aorta (Figs. 12-37; 12-79). 

The pleural branches of the phrenic nerve 
are very fine filaments supplied to the costal 
and mediastinal pleura over the apex of the 
lung. 

The pericardial branches are delicate fila- 
ments to the upper part of the pericardium. 

The terminal branches pass through the 
diaphragm separately, and diverging from 
each other, are distributed on the abdominal 


surface to supply the diaphragm muscle 
and sensory fibers to the peritoneum. On the 
right side, a branch near the inferior vena 
cava communicates with the phrenic plexus, 
which accompanies the inferior phrenic ar- 
tery from the celiac plexus, and where they 
join there is usually a small phrenic gan- 
glion. On the left, there is a communication 
with the phrenic plexus also, but without a 
ganglion. 

The accessory phrenic nerve is described 
later. 


VARIATIONS. The phrenic nerve may receive fi- 
bers from the inferior root of the ansa cervicalis, or 
from the second or sixth nerves. At the root of the 
neck or in the thorax it may be joined by an acces- 
sory phrenic from the fifth nerve or from the nerve to 
the subclavius. It may arise from the nerve to the 
subclavius or give a branch to that muscle. It may 
pass ventral to the subclavian vein or perforate it. 


OTHER BRANCHES. The branches to the 
sternocleidomastoid may be independent or 
partly communicate with the accessory 
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nerve. They are proprioceptive sensory 
rather than motor nerves and are derived 
from the second and third nerves (Corbin 
and Harrison, 1938). 

The branches to the trapezius are like 
those to the sternocleidomastoid and are 
derived from the third and fourth nerves. 

Muscular branches to the levator scapulae 
are supplied by the third and fourth nerves. 

Branches to the scalenus medius are from 
the third and fourth nerves. 


Brachial Plexus 


The brachial plexus (Figs. 12-38; 12-39), as 
its name implies, supplies the nerves to the 
upper limb. It is formed by the ventral pri- 
mary divisions of the fifth to eighth cervical 
nerves and the first thoracic nerves. A com- 
municating loop from the fourth to the fifth 
cervical nerve and one from the second to 
the first thoracic nerve also usually contrib- 
ute to the plexus. It lies in the lateral part of 
the neck in the clavicular region, extending 
from the scalenus anterior to the axilla. 
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COMPONENTS 


The brachial plexus is composed of roots, 
trunks, divisions, cords, and terminal nerves. 
The roots of the brachial plexus are pro- 
vided by the anterior primary divisions of 
the last four cervical nerves and the first tho- 
racic nerve. The trunks are formed from 
these roots and are named according to their 
position relative to each other. The superior 
trunk is formed by the union of the fifth and 
sixth cervical nerves as they emerge be- 
tween the scalenus medius and anterior. The 
middle trunk is formed by the seventh cervi- 
cal nerve alone. The inferior trunk is formed 
by the union of the eighth cervical and first 
thoracic nerves. 

The trunks, after a short course, split into 
anterior and posterior divisions. The ante- 
rior and posterior divisions of the superior 
and middle trunks are about equal in size, 
but the posterior division of the inferior 
trunk is much smaller than the anterior divi- 
sion because it receives a very small or no 
contribution from the first thoracic nerve. 
The cords, formed from these divisions, are 
named according to their relation to the axil- 
lary artery: lateral, medial, and posterior. 
The anterior divisions of the superior and 
middle trunks are united into the lateral 
cord. The anterior division of the inferior 
trunk becomes the medial cord. The poste- 
rior divisions of all three trunks are united 
into the posterior cord. The cords in turn 
break up into the nerves, which are the ter- 
minal branches. 


SYMPATHETIC CONTRIBUTIONS 
TO THE BRACHIAL PLEXUS 


The ventral primary divisions of the spi- 
nal nerves that enter into the brachial plexus 
obtain their sympathetic fibers in the form of 
the gray rami communicantes from the sym- 
pathetic chain. The fifth and sixth nerves 
receive fibers from the middle cervical gan- 
glion; the sixth, seventh, and eighth nerves, 
from the inferior cervical or stellate gan- 
glion; the first and second thoracic nerves, 
from the stellate or the first and second tho- 
racic ganglia. 


RELATIONS. In the neck, the brachial plexus lies 
in the posterior triangle, being covered by the skin, 
platysma, and deep fascia; it is crossed by the supra- 
clavicular nerves, the inferior belly of the omohyoid, 
the external jugular vein, and the transverse cervical 
artery. The roots emerge between the scaleni ante- 


rior and medius, cranial to the third part of the sub- 
clavian artery, while the trunk formed by the union 
of the eighth cervical and first thoracic nerves is 
placed dorsal to the artery. The plexus next passes 
dorsal to the clavicle, the subclavius, and the trans- 
verse scapular vessels, and lies upon the first 
digitation of the serratus anterior and the subscapu- 
laris. In the axilla it is placed lateral to the first por- 
tion of the axillary artery; it surrounds the second 
part of the artery, one cord lying medial to it, one 
lateral to it, and one dorsal to it. In the axilla it gives 
off its terminal branches to the upper limb. 

VARIATIONS. Variations of the brachial plexus are 
of several types: (a2) variations in the contributions of 
the spinal nerves to the roots of the plexus, (6) varia- 
tions in the formation of the trunks, divisions, or 
cords, (c) variations in the origin or combination of 
the branches, (d) variations in the relation to the ar- 
tery. 

(2) The fourth cervical nerve contributes to two- 
thirds of the plexuses, and T 2 contributes to more 
than one-third. When the contribution from C 4 is 
large and that from T 2 lacking, the plexus appears 
to have a more cranial position and has been termed 
prefixed. Similarly, when the contribution from T 2 
is large and from C 4 lacking, the plexus appears to 
have a more caudal position and has been termed 
postfixed. It is doubtful whether this shifting of posi- 
tion is More common than one in which the plexus is 
spread out to include both C 4 and T 2, or con- 
tracted to exclude both. Variations in the contribu- 
tion to the plexus may be correlated with the posi- 
tion of the limb bud at the time the nerves first grow 
into it in the embryo (Miller and Detwiler, 1936), 
and many variations are similar to the usual condi- 
tions found in the different primates. 

(6) The trunks vary little in their formation from 
the cervical roots, but the superior and _ inferior 
trunks especially may appear to be absent because 
the nerves split into dorsal and ventral divisions be- 
fore they combine into trunks. The cords in these 
instances are formed from the divisions of the nerves 
but the sources of the fibers can be readily traced 
and made to correspond with the usual pattern. 
Many of these instances may be the result of too 
vigorous a removal of the connective tissue sheaths 
of the nerves in dissection. The medial cord may 
receive a contribution from the middle trunk and the 
lateral cord may receive fibers from C 8 or the lower 
trunk. 

(c)The median nerve may have small heads, either 
medial or lateral, in addition to the usual two. It ap- 
pears to receive fibers from all segments entering 
the plexus in most instances. Many peculiarities in- 
volve combined origins of the median and muscu- 
locutaneous nerves, with separation into definitive 
nerves or branches farther down the arm; thus the 
musculocutaneous nerve gives a branch to the me- 
dian in the arm in a fourth of the bodies, but a 
branch from the median to the ulnar is much less 
frequent. The musculocutaneous nerve frequently 
receives fibers from C 4 in addition to the usual C 5 
and C 6, and appears to receive fibers from C 7 in 


only two-thirds. The nerve to the coracobrachialis 
muscle is a branch of the lateral cord or some part of 
the plexus (exclusive of C 8 and T 1) other than the 
musculocutaneous nerve in almost half of the bod- 
ies. The ulnar nerve may have a lateral head from 
the lateral cord, the lateral head of the median, or 
from C 7; in two-thirds of the plexuses the ulnar 
nerve may receive fibers from C 7 or possibly more 
cranial segments. The radial and axillary nerves may 
be formed from the trunks and divisions without the 
presence of a true posterior cord. The radial nerve 
appears to receive fibers from all segments contrib- 
uting to the plexus in most instances, but participa- 
tion of C 4 and T 1 is probably incidental because 
C 4 may not enter the plexus and in a few instances 
T 1 can be definitely excluded. The axillary nerve 
probably receives no fibers from C 8 andT 1 and the 
contribution from C 7 is undetermined. 

(7) AmMouy the vartations in tne relationship be- 
tween the axillary artery and the brachial plexus, the 
most common is an artery superficial to the median 
nerve; also, the median nerve may be split by a 
branch of the artery. An aberrant axillary artery, |.e., 
one not derived from the seventh segmental artery, 
has a different relation to the roots of the plexus 
depending on whether it was derived from a seg- 
mental artery cranial or caudal to the seventh. The 
cords of the plexus may be split by arterial branches, 
and communicating loops of nerves may be formed 
around the artery or its branches. 
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BRANCHES OF THE BRACHIAL PLEXUS 


The ventral primary divisions of the fifth 
to eighth cervical nerves give branches be- 
fore they enter into the plexus, and the 
brachial plexus may be divided into the 
branches that arise from the roots, from the 
trunks, or from the cords 214 ,...35 into me 
terminal nerves. From their topographic re- 
lation to the clavicle, the branches may be 
divided into supra- and_ infraclavicular 
branches. 


Branches from the Cervical Nerves 


Branches of the anterior primary divisions 
of the last four cervical and first thoracic 
nerves before they enter the brachial plexus 
include: 

1. The fifth cervical nerve may contribute 
to the phrenic nerve at its origin. 

2. Muscular branches from each of the 
four lower cervical nerves are supplied to 
the longus colli and the scalenus anterior, 
medius, and posterior. 

3. The accessory phrenic nerve (Fig. 12- 
37) is an inconstant branch that may come 
from the nerve to the subclavius or from the 
fifth nerve. It passes ventral to the subcla- 
vian vein and joins the phrenic nerve at the 
root of the neck or in the thorax, forming a 
loop around the vein. 


SURGICAL CONSIDERATIONS. Resection of the 
phrenic nerve for immobilization of the diaphragm 
may be only partially successful if the accessory is 
not resected also. In avulsion of the phrenic nerve, 
the subclavian vein is in danger of being torn by the 
loop between the accessory and the phrenic nerves. 


Branches from the Roots (Supraclavicular Branches) 


DORSAL SCAPULAR NERVES. The dorsal 


scapular nerve (nerve to the rhomboidei; 
posterior scapular nerve) (Fig. 12-38) arises 
from the fifth cervical nerve near the inter- 
vertebral foramen, frequently in common 
with a root of the long thoracic nerve. It 
pierces the scalenus medius and runs dor- 
sally as well as caudalward on the deep sur- 
face of the levator scapulae to the vertebral 
border of the scapula. It supplies the rhom- 
boideus major and minor, and along with 
the third and fourth nerves, gives a branch to 
the levator scapulae muscle. 

LONG THORACIC NERVE. The long thoracic 
nerve (external respiratory nerve of Bell; 
posterior thoracic nerve) (Fig. 12-39) is the 
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Fig. 12-39. The right brachial plexus (infraclavicular portion) in the axillary fossa; viewed from below and in front. 
The pectoralis major and minor muscles have been largely removed; their attachments have been reflected. 
(Spalteholz.) 


Suprascapular 


Anterior branch 
oy” of axillary 


Posterior branch 
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Branches of lateral 
brachial cutaneous nerve 


Fig. 12-40. Suprascapular and axillary nerves of right side, seen from behind. (Testut.) 


nerve to the serratus anterior muscle. It 
arises by three roots: from the fifth, sixth, 
and seventh cervical nerves. Those from the 
fifth and sixth join just after they pierce the 
scalenus medius; the seventh joins them at 
the level of the first rib. The nerve runs cau- 
dalward dorsal to the brachial plexus and 
axillary vessels and continues along the lat- 
eral surfaces of the serratus anterior, under 
cover of the subscapularis muscle. It sends 
branches to all the digitations of the serratus; 
the fibers from the fifth nerve supply the 
upper part, the sixth the middle, and the sev- 
enth the lower part of the muscle. 


VARIATIONS. The root from the fifth nerve may 
remain independent; the root from the seventh may 
be lacking. 


Branches from the Trunks (Supraclavicular) 


NERVE TO SUBCLAVIUS MUSCLE. ‘The nerve 
to the subclavius is a small branch that 
arises from the superior trunk, although its 
fibers are mainly from the fifth nerve, and 
passes ventral to the distal part of the 
plexus, the subclavian artery, and the sub- 
clavian vein to reach the subclavius muscle 
(Fig. 12-37). 


VARIATIONS. The accessory phrenic nerve may 
arise from the subclavius nerve, or the phrenic nerve 
may supply the branch to the subclavius muscle. 


SUPRASCAPULAR NERVE. The suprascapu- 
lar nerve (Fig. 12-40) arises from the superior 
trunk and takes a more or less direct course 
across the posterior triangle to the scapular 
notch, passing dorsal to the inferior belly of 
the omohyoid muscle and the anterior bor- 
der of the trapezius. It passes through the 
notch, under the superior transverse liga- 
ment, runs deep to the supraspinatus muscle 
and around the lateral border of the spine of 
the scapula into the infraspinous fossa. In 
the supraspinous fossa it gives a branch to 
the supraspinatus and an articular filarnent 
to the shoulder joint. In the infraspinous 
fossa, it gives two branches to the infraspi- 
natus and filaments to the shoulder joint and 
scapula. 


Branches from the Cords (Infraclavicular Branches) 


The infraclavicular branches arise from 
the three cords of the brachial plexus, but it 
should be emphasized that a _ particular 
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branch of any cord need not contain fibers 
from all the cervical nerves contributing to 
that cord. For example, the axillary nerve, 
from the posterior cord, contains fibers from 
C 5 and 6 only, not from C65, 6, 7, 8, and T 1. 
Likewise, a branch from one of the larger 
terminal nerves may not contain fibers from 
all the cervical segments contributing to that 
nerve; the branch of the radial nerve to the 
supinator muscle, for example, contains 
only fibers from C 6. 

PECTORAL NERVES. The pectoral nerves 
(Fig. 12-46) are two nerves, one lateral and 
one medial to the axillary artery, that arise at 
the level of the clavicle and supply the pec- 
toral muscles. 

The lateral (superior) pectoral nerve is so 
named because it is lateral to the artery and 
arises from the lateral cord of the brachial 
plexus or from the anterior divisions of the 
superior and middle trunks just before they 
unite into the cord. It passes superficial to 
the first part of the axillary artery and vein, 
sends a communicating branch to the infe- 
rior pectoral branch, and then pierces the 
clavipectoral fascia to reach the deep sur- 
face of the clavicular and cranial sternocos- 
tal portions of the pectoralis major muscle. 

The medial (inferior) pectoral nerve is so 
named because its origin is from the medial 
cord of the brachial plexus, medial to the 
artery. Its origin is more lateral in position 
with respect to the midline of the body than 
that of the superior branch. It passes be- 
tween the axillary artery and vein, gives a 
branch that joins the communication from 
the superior branch to form a plexiform loop 
around the artery, and enters the deep sur- 
face of the pectoralis minor muscle. It sup- 
plies this muscle and two or three of its 
branches continue through the muscle to 
supply the more caudal part of the pectoralis 
major. The most distal branch may pass 
around the border of the minor. The loop 
gives off branches that supply both muscles. 

SUBSCAPULAR NERVES. ‘The subscapular 
nerves (Fig. 12-39), usually two in number, 
arise from the posterior cord of the brachial 
plexus, deep in the axilla. 

The superior subscapular nerve (short 
subscapular), the smaller of the two, enters 
the superior part of the subscapularis mus- 
cle; it is frequently double. 

The inferior subscapular nerve supplies 
the distal part of the subscapularis and ends 
in the teres major muscle. 
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VARIATIONS. The nerve to the teres major may be 
a separate branch of the posterior cord, or rarely, of 
the axillary nerve. 


THORACODORSAL NERVES. The thoracodor- 
sal nerve (middle or long subscapular nerve) 
(Fig. 12-39) is a branch of the posterior cord 
of the brachial plexus; it usually arises be- 
tween the two subscapular nerves. It follows 
the course of the subscapular and thoraco- 
dorsal arteries along the posterior wall of the 
axilla, under cover of the ventral border of 
the latissimus dorsi, and terminates in 
branches that supply this muscle. 

AXILLARY NERVE. The axillary nerve (cir- 
cumflex nerve) (Fig. 12-40) is the last branch 
of the posterior cord of the brachial plexus 
before the latter becomes the radial nerve. It 
passes over the insertion of the subscapu- 
laris muscle dorsal to the axillary artery, 
crosses the teres minor, and leaves the axilla, 
accompanied by the posterior humeral cir- 
cumflex artery, by passing through the quad- 
rilateral space bounded by the surgical neck 
of the humerus, the teres major, the teres 
minor, and the long head of the triceps. It 
divides into two branches. 

The posterior branch (lower branch) sup- 
plies the teres minor and the posterior part 
of the deltoid. It then pierces the deep fascia 
at the posterior border of the deltoid as the 
lateral brachial cutaneous nerve, to supply 
the skin over the distal two-thirds of the pos- 
terior part of this muscle and over the adja- 
cent long head of the triceps brachii. 

The anterior branch (upper branch) winds 
around the surgical neck of the humerus 
with the posterior humeral circumflex ves- 
sels, under cover of the deltoid as far as its 
anterior border. It supplies this muscle and 
sends a few small cutaneous filaments to the 
skin covering its distal part. 

Articular filaments leave the nerve near its 
origin and in the quadrilateral space; these 
supply the anterior inferior part of the cap- 
sule of the shoulder joint. 

MEDIAL BRACHIAL CUTANEOUS NERVE. The 
medial brachial cutaneous nerve (nerve of 
Wrisberg), a small nerve, arises from the 
medial cord of the brachial plexus and is 
distributed to the medial side of the arm. It 
passes through the axilla, at first lying dorsal 
and then medial to the axillary vein and 
brachial artery. It pierces the deep fascia in 
the middle of the arm and is distributed to 
the skin of the arm as far as the medial epi- 


condyle and olecranon. A part of it forms a 
loop with the intercostobrachial nerve in the 
axilla, and there is a reciprocal relationship 
in size between these two nerves. It also 
communicates with the ulnar branch of the 
medial antebrachial cutaneous nerve or it 
may be a branch of the latter nerve. 
MEDIAL ANTEBRACHIAL CUTANEOUS NERVE. 
The medial antebrachial cutaneous nerve 
(Figs. 12-41 to 12-44; 12-46) arises from the 
medial cord of the brachial plexus, medial to 
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Fig. 12-41. Cutaneous nerves of right upper limb. 
Anterior view. 
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Fig. 12-42. Diagram of segmental! distribution of the 
cutaneous nerves of the right upper limb. Anterior view. 


the axillary artery. Near the axilla, it gives 
off a filament that pierces the fascia and sup- 
plies the skin over the biceps nearly as far as 
the elbow. The nerve runs down the ulnar 
side of the arm medial to the brachial artery, 
pierces the deep fascia with the basilic vein 
about the middle of the arm, and divides 
into an anterior and an ulnar branch. 

The ulnar branch (posterior branch) 
passes obliquely distalward on the medial 





Fig. 12-43. Cutaneous nerves of right upper limb. 
Posterior view. 


side of the basilic vein, anterior to the me- 
dial epicondyle of the humerus to the dor- 
sum of the forearm, and continues on its 
ulnar side as far as the wrist, supplying the 
skin. It communicates with the medial 
brachial cutaneous, the dorsal antebrachial 
cutaneous, and the dorsal branch of the 
ulnar nerve. 

The anterior branch is larger and passes, 
usually superficial but occasionally deep, to 
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Fic. 12-44. Diagram of segmental distribution of the 
cutaneous nerves of the right upper limb. Posterior view. 


the median basilic vein. It continues on the 
anterior part of the ulnar side of the forearm, 
distributing filaments to the skin as far as the 
wrist, and communicating with the palmar 
cutaneous branch of the ulnar nerve. 


Terminal Branches 


The terminal branches of the brachial 
plexus are the musculocutaneous, median, 
ulnar, and radial nerves. 


MUSCULOCUTANEOUS NERVE. The muscu- 
locutaneous nerve (Fig. 12-46) is formed by 
the splitting of the lateral cord of the brach- 
ial plexus at the inferior border of the pecto- 
ralis minor into two branches, the other 
branch being the lateral root of the median 
nerve. It pierces the coracobrachialis mus- 
cle, and lying between the brachialis and the 
biceps brachii, crosses to the lateral side of 
the arm. A short distance above the elbow it 
pierces the deep fascia lateral to the tendon 
of the biceps and continues into the forearm 
as the lateral antebrachial cutaneous nerve. 

The branch to the coracobrachialis leaves 
the nerve close to its origin. 

Muscular branches are supplied to the bi- 
ceps and the greater part of the brachialis. 

An articular filament given off from the 
nerve to the brachialis supplies the elbow 
joint. 

A filament to the humerus enters the nutri- 
ent foramen with the artery. 

The lateral antebrachial cutaneous nerve 
(Figs. 12-41 to 12-44) passes deep to the ce- 
phalic vein and divides opposite the elbow 
joint into an anterior and a dorsal branch. 

The anterior branch (volar branch) fol- 
lows along the radial border of the forearm 
to the wrist and supplies the skin over the 
radial half of its anterior surface. At the 
wrist it is superficial to the radial artery, and 
some of its filaments pierce the deep fascia 
to follow the vessel to the dorsal surface of 
the carpus. It terminates in cutaneous fila- 
ments at the thenar eminence after commu- 
nicating with the superficial branch of the 
radial and the palmar cutaneous branch of 
the median nerve. 

The dorsal branch (posterior branch) 
passes distally along the dorsal part of the 
radial surface of the forearm, supplying the 
skin almost to the wrist, and communicating 
with the dorsal antebrachial cutaneous 
nerve and the superficial branch of the ra- 
dial nerve. 


Variations. The musculocutaneous and median 
nerves present frequent irregularities in their origins 
from the lateral cord of the plexus. The branch to the 
coracobrachialis muscle may be a separate nerve. In 
this condition the musculocutaneous nerve may 
continue with the median for a variable distance be- 
fore it passes under the biceps. Some of the fibers of 
the median nerve may run for some distance in the 
musculocutaneous nerve before they join their 
proper trunk; less frequently the reverse is the case 
and fibers of the musculocutaneous nerve run with 
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FiG. 12-45. Dermatome chart of the upper limb of man outlined by the pattern of hyposensitivity from loss of 
function of a single nerve root. (From Keegan and Garrett, Anat. Rec., 102:415, 1948.) 


the median. The musculocutaneous nerve may give 
a branch to the pronator teres or it may supply the 
dorsum of the thumb in the absence of the superfi- 
cial branch of the radial nerve. 


MEDIAN NERVE. The median nerve (Fig. 
12-46) is the nerve to the radial side of the 
flexor portion of the forearm and hand. It 
takes its origin from the brachial plexus by 
two large roots, one from the lateral and one 
from the medial cord. The roots at first lie on 
each side of the third part of the axillary ar- 
tery, then embracing it, they unite on its ven- 
tral surface to form the trunk of the nerve. In 
its course down the arm it accompanies the 
brachial artery, to which it is at first lateral, 
but gradually it crosses the ventral surface 
of the artery in the middle or distal part of 
the arm and lies medial to it at the bend of 
the elbow, where it is deep to the bicipital 
fascia and superficial to the brachialis 
muscle. 

In the forearm, the median nerve passes 
between the two heads of the pronator teres, 
being separated from the ulnar artery by the 
deep head. It continues distally between the 


flexores digitorum superficialis and profun- 
dus almost to the flexor retinaculum, where 
it becomes more superficial and lies between 
the tendons of the flexor digitorum superfi- 
cialis and the flexor carpi radialis. It is deep 
to the tendon of the palmaris longus and 
slightly ulnarward of it, and it is the most 
superficial of the structures that pass 
through the tunnel under the flexor reti- 
naculum. 

In the palm of the hand, the median nerve 
is covered only by the skin and the palmar 
aponeurosis and rests on the tendons of the 
flexor muscles (Fig. 12-47). Immediately after 
emerging from under the retinaculum, it 
becomes enlarged and flattened and splits 
into muscular and digital branches. 

Branches. The median nerve has no 
branches above the elbow joint unless, as 
occasionally happens, the nerve to the pro- 
nator teres arises there. 

Articular branches to the elbow joint are 
One or two twigs given off as the nerve 
passes the joint. 

Muscular branches leave the nerve near 
the elbow and supply all the superficial mus- 
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Fic. 12-46. Nerves of the left upper limb. 
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Fic. 12-47. Superficial dissection of the palm of the hand. (Redrawn from Tondury.) 


cles of the anterior part of the forearm ex- 
cept the flexor carpi ulnaris, i.e., the prona- 
tor teres, flexor carpi radialis, palmaris 
longus, and flexor digitorum superficialis. 
The anterior interosseous nerve (Fig. 12- 
46) accompanies the anterior interosseous 
artery along the anterior surface of the inter- 
osseous membrane in the interval between 
the flexor pollicis longus and the flexor digi- 


torum profundus, ending in the pronator 
quadratus and the wrist joint. It supplies all 
the deep anterior muscles of the forearm 
except the ulnar half of the profundus, i.e., 
the radial half of the flexor digitorum pro- 
fundus, the flexor pollicis longus, and the 
pronator quadratus. 

The palmar branch of the median nerve 
(Fig. 12-42) pierces the antebrachial fascia 
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distal to the wrist and divides into a medial 
and a lateral branch. The medial branch 
supplies the skin of the palm and communi- 
cates with the palmar cutaneous branch of 
the ulnar nerve. The lateral branch supplies 
the skin over the thenar eminence and com- 
municates with the lateral antebrachial cu- 
taneous nerve. 

The muscular branch in the hand (Fig. 12- 
48) is a short stout nerve that leaves the ra- 
dial side of the median nerve, sometimes in 
company with the first common palmar digi- 
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tal nerve, just after the former passes under 
the flexor retinaculum. It supplies the mus- 
cles of the thenar eminence with the excep- 
tion of the deep head of the short flexor, i.e., 
the abductor pollicis brevis, the opponens 
pollicis and the superficial head of the flexor 
pollicis brevis. 

The first common palmar digital nerve 
(Figs. 12-48; 12-50) divides into three proper 
palmar digital nerves (digital collaterals), 
two of which supply the sides of the thumb; 
the third gives a twig to the first lumbrical 
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Dissection of the palm of the hand, showing the superficial palmar arch, median and ulnar 
nerves, and synovial sheaths. (Redrawn from Téndury.) 


and continues as the proper palmar digital 
nerve for the radial side of the index finger. 

The second common palmar digital nerve 
gives a twig to the second lumbrical, and 
continuing to the web between the index 
and middle fingers, splits into proper digital 
nerves for the adjacent sides of these fingers. 

The third common palmar digital nerve 
occasionally gives a twig to the third 
lumbrical, in which case it has a double 
innervation; it communicates with a branch 
of the ulnar nerve, and continues to the web 
between the middle and the ring fingers, 
where it splits into proper digital nerves for 
the adjacent sides of these digits. 

The proper digital nerves (digital collater- 
als) (Figs. 12-47; 12-48; 12-50) supply the skin 
of the palmar surface and the dorsal surface 
over the terminal phalanx of their digits. At 
the end of the digit each nerve terminates in 
two branches, one of which ramifies in the 
skin of the ball, the other in the pulp under 
the nail. They communicate with the dorsal 
digital branches of the superficial radial 
nerve, and in the fingers they are superficial 
to the corresponding arteries. 


Variations. \n 16 per cent of bodies studied, the 
relation of the median nerve to the two heads of the 
pronator teres varies from that described; it may 
pass deep to the humeral head in the absence of an 
ulnar head, or deep to the ulnar head, or split the 
humeral head (Jamieson and Anson, 1952). There 
is overlapping of territory in the innervation of the 
flexor digitorum profundus by the median and ulnar 
nerves in 50 per cent of bodies; it is twice as com- 
mon for the median to encroach on the ulnar. The 
portion of the profundus attached to the index finger 
is the only part of that muscle constantly supplied by 
one nerve, the median. In the majority of cases the 
profundus and the lumbrical of a particular digit are 
innervated by the same nerve. Encroachment of the 
median on the ulnar is less common for the lumbri- 
cals than the profundus. The median nerve may sup- 
ply the first dorsal interosseus (Sunderland 1945, 
1946). 


ULNAR NERVE. The ulnar nerve (Fig. 12-46) 
occupies a superficial position along the 
medial side of the arm and is the nerve to the 
muscles and skin of the ulnar side of the 
forearm and hand. It is the terminal continu- 
ation of the medial cord of the brachial 
plexus, after the medial head of the median 
nerve has separated from it. It is medial, at 
first to the axillary artery and then to the 
brachial artery as far as the middle of the 
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arm, and is parallel with and not far distant 
from the median and medial antebrachial 
cutaneous nerves. In the middle of the arm it 
angles dorsally, pierces the medial intermus- 
cular septum, and follows along the medial 
head of the triceps muscle to the groove be- 
tween the olecranon and the medial epicon- 
dyle of the humerus. In this position it is 
covered only by the skin and fascia and can 
readily be palpated as the “funny bone” of 
the elbow. 

The ulnar nerve is accompanied in its 
course through the distal half of the arm by 
the superior ulnar collateral artery and the 
ulnar collateral branch of the radial nerve. It 
enters the forearm between the two heads of 
the flexor carpi ulnaris and continues be- 
tween this muscle and the flexor digitorum 
profundus half way down the forearm. In 
the proximal part of the forearm it is sepa- 
rated from the ulnar artery by a considera- 
ble distance, but in the distal half it lies close 
to its ulnar side, radialward from the flexor 
Carpi ulnaris, and covered only by the skin 
and fascia. Proximal to the wrist it gives off a 
large dorsal branch and continues into the 
hand, where it has muscular and digital 
branches. 

Branches. The ulnar nerve usually has no 
branches proximal to the elbow. Distal to 
the elbow its branches are as follows: 

The articular branches to the elbow joint 
are several small filaments that leave the 
nerve as it lies in the groove between the 
olecranon and the medial epicondyle of the 
humerus. 

Two muscular branches arise near the 
elbow and supply the flexor carpi ulnaris 
and the ulnar half of the flexor digitorum 
profundus. 

The palmar cutaneous branch of the ulnar 
nerve arises near the middle of the forearm 
and accompanies the ulnar artery into the 
hand. It gives filaments to the artery, per- 
forates the flexor retinaculum, and ends in 
the skin of the palm, communicating with 
the palmar branch of the median nerve. 

The dorsal branch (Figs. 12-43; 12-46) 
arises in the distal half of the forearm and 
reaches the dorsum of the wrist by passing 
between the flexor carpi ulnaris and the 
ulna. It pierces the deep fascia and divides 
into two dorsal digital nerves and a metaCcar- 
pal communicating branch. The more me- 
dial digital nerve supplies the ulnar side of 
the little finger; the other digital branch, the 
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adjacent sides of the little and ring fingers. 
The metacarpal branch supplies the skin of 
that area and continues toward the web be- 
tween the ring and middle fingers, where it 
joins a similar branch of the superficial ra- 
dial nerve to supply the adjacent sides of 
these two fingers. On the little finger the dor- 
sal digital branches extend only as far as the 
base of the terminal phalanx, and on the ring 
finger as far as the base of the second pha- 
lanx; the more distal parts of these digits are 
supplied by the dorsal branches of the 
proper palmar digital nerves from the ulnar 
nerve. 

The palmar branch or terminal portion of 
the ulnar nerve crosses the ulnar border of 
the wrist in company with the ulnar artery, 
superficial to the flexor retinaculum and 
under cover of the palmaris brevis, and di- 
vides into a superficial and deep branch. 

The superficial branch (Figs. 12-48; 12-50) 
supplies the palmaris brevis and the skin of 











Radial artery 


Median nerve 


treet) 
J 


Princeps poll. art. 


Flex. poll. brevis WEABIKYZE 
Flex. poll. ae KG 
Adduct. poll. 


Lumbricales 








q ep 
\nex: 


wHA99 


= 


i 
he 


s ‘ ‘ : 
<j § WN 
. af} x 
™ = { —4 | ~* i s 
. = S| = 4 » ‘ * 
: © ° Y 
6 | I DSS AN t= 
, ' “ ‘ t PASS ; \" \ 
ABA Ree ~~ @ 4 & = ? J + 3 } 
wah ~ 1 i 
a ™ . Sa f 
. > i 
+ Se A q 
=< 1 = ee X * 
> ae " = 









(=I 


€ *) 





the hypothenar eminence and divides into 
digital branches. A proper palmar digital 
branch goes to the ulnar side of the little fin- 
ger; a common palmar digital branch divides 
into proper digital branches for the adjacent 
sides of the little and ring fingers and com- 
municates with the branches of the median 
nerve. The proper digital branches are dis- 
tributed to the fingers in the same manner as 
those of the median nerve. 

The deep branch (Figs. 12-49; 12-50) passes 
between the abductor digiti minimi and 
flexor digiti minimi brevis accompanied by 
the deep branch of the ulnar artery: it then 
pierces the opponens digiti minimi and fol- 
lows the course of the deep palmar arch 
across the interossei, deep to the midpalmar 
and thenar fascial clefts. Near its origin it 
gives branches to the three small muscles of 
the little finger, and as it crosses the hand it 
supplies the third and fourth lumbricals 
and all the interossei, both palmar and dor- 
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Fic. 12-49. Deep dissection of the palm of the hand, showing the deep palmar arch and the deep palmar branch of 


the ulnar nerve. (Redrawn from Téndury.) 
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Fic. 12-50. Deep palmar nerves. (Testut.) 


sal. It ends by supplying the adductores 
pollicis and the deep head of the flexor 
pollicis brevis. It also sends articular fila- 
ments to the wrist joint. 


Variations. The ulnar nerve may pass in front of 
the medial epicondyle. It frequently has a communi- 
cation with the median nerve in the forearm and 
rarely with the medial antebrachial cutaneous, me- 
dian, or musculocutaneous nerves in the arm. It may 
send muscular branches to the medial head of the 
triceps, the flexor digitorum superficialis, the first 
and second lumbricals and the superficial head of 
the flexor pollicis brevis muscles. It may have defi- 


ciencies on the dorsum of the hand that are supplied 
by the radial nerve or it may encroach upon the 
area usually supplied by that nerve. See variations of 
the median nerve and brachial plexus. 


RADIAL NERVE. The radial nerve (musculo- 
spiral nerve) (Fig. 12-51), the largest branch 
of the brachial plexus, is the continuation of 
the posterior cord; it supplies the extensor 
muscles of the arm and forearm as well as 
the skin covering them. It crosses the tendon 
of the latissimus dorsi, deep to the axillary 
artery, and after passing the inferior border 
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of the teres major, it winds around the me- 
dial side of the humerus and enters the sub- 
Stance of the triceps between the medial and 
long heads. It takes a spiral course down the 
arm close to the humerus in the groove that 
separates the origins of the medial and lat- 
eral heads of the triceps, accompanied by 
the deep brachial artery. Having reached the 
lateral side of the arm, it pierces the lateral 
intermuscular septum and runs between the 


brachialis and the brachioradialis anterior to 
the lateral epicondyle, where it divides into 
superficial and deep branches (Fig. 12-46). 

Branches in the Arm. Both muscular and 
cutaneous branches of the radial nerve are 
found in the arm. 

The medial muscular branches arise in the 
axilla and supply the medial and long heads 
of the triceps. The branch to the medial head 
is a long filament that accompanies the ulnar 
nerve and superior ulnar collateral artery as 
far as the lower third of the arm and is there- 
fore named the ulnar collateral nerve. 

The posterior brachial cutaneous nerve 
(internal cutaneous branch of the musculo- 
spiral) arises in the axilla to the medial side 
of the arm, supplying the skin on the dorsal 
surface nearly as far as the olecranon. In its 
course it crosses dorsal to, and communi- 
cates with, the intercostobrachial nerve. 

The posterior muscular branches arise 
from the nerve as it lies in the spiral groove 
of the humerus; they supply the medial and 
lateral heads of the triceps and the anco- 
neus. The nerve to the latter muscle is a long, 
slender filament that lies buried in the sub- 
stance of the medial head of the triceps. 

The posterior antebrachial cutaneous 
nerve (external cutaneous branch of the 
musculospiral) perforates the lateral head of 
the triceps at its attachment to the humerus 
and divides into proximal and _ distal 
branches. The smaller proximal branch lies 
close to the cephalic vein and supplies the 
skin of the dorsal part of the distal half of the 
arm. The distal branch pierces the deep fas- 
cla below the insertion of the deltoid and 
continues along the lateral side of the arm 
and elbow and the dorsal side of the forearm 
to the wrist. It supplies the skin in its course, 
and near its termination, it communicates 
with the dorsal branch of the lateral antebra- 
chial cutaneous nerve. 

The lateral muscular branches supply the 
brachioradialis, the extensor carpi radialis 
longus, and the lateral part of the brachialis. 

Articular branches to the elbow come 
from the radial nerve between the brachialis 
and brachioradialis, from the ulnar collat- 
eral nerve, and from the nerve to the anco- 
neus. 

Branches in the Forearm. The superficial 
branch of the radial nerve (Fig. 12-46) runs 
along the lateral border of the forearm under 
cover of the brachioradialis muscle. In the 
proximal third of the forearm it gradually 


approaches the radial artery; in the middle 
third it lies just radialward to the artery; and 
in the lower third it quits the artery and an- 
gles dorsally under the tendon of the brachi- 
oradialis toward the dorsum of the wrist, 
where it pierces the deep fascia and divides 
into two branches. 

The lateral branch is smaller, supplies the 
skin of the radial side and ball of the thumb, 
and communicates with the palmar branch 
of the lateral antebrachial cutaneous nerve. 

The medial branch communicates above 
the wrist, with the dorsal branch of the lat- 
eral antebrachial cutaneous nerve, and on 
the dorsum of the hand, with the dorsal 
branch of the ulnar nerve. It then divides 
into four dorsal digital nerves (Fig. 12-43), 
which are distributed as follows: (1) to the 
ulnar side of the thumb, (2) to the radial side 
of the index finger, (3) to the adjacent sides 
of the index and middle fingers, and (4) to 
the dorsal branch of the ulnar nerve to form 
a communication, and to the adjacent sides 
of the middle and ring fingers. 

The deep branch of the radial nerve (pos- 
terior interosseous nerve) (Fig. 12-51) winds 
to the dorsum of the forearm around the ra- 
dial side of the radius between the planes of 
fibers of the supinator muscle and continues 
between the superficial and deep layers 
of muscles to the middle of the forearm. 
Considerably diminished in size, and named 
the dorsal interosseous nerve, it lies on the 
dorsal surface of the interosseous mem- 
brane, and under cover of the extensor 
pollicis longus, it continues to the dorsum of 
the carpus, where it ends. 

Muscular branches of the deep branch of 
the radial nerve to the extensor carpi radia- 
lis brevis and the supinator are given off be- 
fore the nerve turns dorsally. After passing 
through the supinator, branches are given to 
the extensor digitorum, extensor digiti min- 
imi, extensor carpiulnaris, the two extensores 
and abductor longus pollicis, and the exten- 
sor indicis. 

Articular filaments from a terminal plexus 
of the radial nerve are distributed to the liga- 
ments and articulations of the carpus and 
metacarpus. 


VARIATIONS. The radial nerve may pass through 
the quadrilateral space with the axillary nerve, and 
when the profunda brachii supplies the nutrient ar- 
tery of the humerus, it may be accompanied by a 
filament from the radial. The nerve to the brachialis 
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muscles is inconstant. The deep branch may pass 
Superficial to the entire supinator. There is great var- 
tation in the distribution and overlapping of the ra- 
dial and ulnar nerves on the back of the hand; the 
most frequent arrangement appears to be that the 
radial supplies three and a half digits, the ulnar, one 
and a half digits (Sunderland, 1945, 1946). 


Thoracic Nerves 


The ventral primary divisions (anterior 
divisions) (Fig. 12-52) of the thoracic nerves 
number 12 on each side. The first eleven, sit- 
uated between the ribs, are termed intercos- 
tals; the twelfth lies below the last rib and is 
called the subcostal nerve. The intercostal 
nerves are distributed chiefly to the parietes 
of the thorax and abdomen, and they differ 
from the other spinal nerves in that each 
pursues an independent course, i.e., they do 
not enter into a plexus. The first two contrib- 
ute to the upper limb as well as to the thorax; 
the next four are limited in their distribution 
to the thorax; the lower five supply the 
parietes of the thorax and the abdomen. The 
twelfth thoracic nerve is distributed to the 
abdominal wall and the skin of the buttock. 


RAMI COMMUNICANTES 


Each thoracic nerve contributes pregangli- 
onic sympathetic fibers to the sympathetic 
chain through a white ramus communicans, 
and receives postganglionic fibers from the 
chain ganglia through gray rami communi- 
cantes. Both rami are attached to the spinal 
nerves near their exit from the intervertebral 
foramina, the gray rami being more medial 
than the white. For more details see the sec- 
tion on the Sympathetic System. 


FIRST THORACIC NERVE 


The ventral primary division of the first 
thoracic nerve divides immediately into two 
parts: (1) the larger part leaves the thorax 
ventral to the neck of the first rib and be- 
comes one of the roots of the brachial plexus 
(described previously); (2) the smaller part 
becomes the first intercostal nerve. The first 
intercostal nerve runs along the first inter- 
costal space to the sternum, perforates the 
muscles and deep fascia, and ends as the first 
anterior cutaneous nerve of the thorax. It 
has no lateral cutaneous branch, as a rule, 
but it may have a communication with the 
intercostobrachial braneh of the second 
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Fig. 12-52. Plan of a typical intercostal nerve. 


nerve. A communication between the first 
and second nerves inside the thorax occurs 
frequently and contains postganglionic sym- 
pathetic fibers from the second or even the 
third thoracic sympathetic ganglion. 


SUPERIOR THORACIC NERVES 


The ventral primary divisions of the sec- 
ond to the sixth thoracic nerves and the in- 
tercostal portion of the first thoracic are 
known as the thoracic intercostal nerves 
(Figs. 12-53; 12-54; 12-78). They pass ventral- 
ward in the intercostal spaces with the inter- 
costal vessels; from the vertebral column to 
the angles of the ribs, they lie between the 
pleura and the posterior intercostal mem- 


brane; from the angle to the middle of the 
ribs, they pass between the intercostales 
interni and externi. They then enter the sub- 
stance of the intercostales interni, where 
they remain concealed until they reach the 
costal cartilages; here they again emerge 
on the inner surface of the muscle and lie 
between it and the pleura. The nerves are 
inferior to the vessels and, like them, are at 
first close to the rib above, but as they pro- 
ceed ventrally they may approach the mid- 
dle of the intercostal space. Near the ster- 
num they pass ventral to the transversus 
thoracis and the internal thoracic vessels, 
and near the sternum they pierce the inter- 
costalis internus, the anterior intercostal 
membrane, the pectoralis major and the pec- 
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Fig. 12-53. Cutaneous distribution of thoracic nerves. (Testut.) 


toral fascia, terminating as the anterior cuta- 
neous nerves of the thorax. They have short 
medial and longer lateral branches that sup- 
ply the skin and mamma. 

MUSCULAR BRANCHES. Muscular branches 
supply the intercostales interni and externi, 
the subcostales, the levatores costarum, the 


serratus posterior superior, and the transver- 
sus thoracis. At the ventral part of the thorax 
some of these branches cross the costal carti- 
lages from one intercostal space to another. 

CUTANEOUS BRANCHES. The lateral cuta- 
neous nerves (Figs. 12-53; 12-54) arise from 
the intercostal nerves about midway be- 
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Fic. 12-54. {ntercostal nerves, the superficial muscles having been removed. (Testut.) 


tween the vertebral column and the ster- 
num, pierce the intercostales externi and 
serratus anterior, and divide into anterior 
and posterior branches. The anterior 
branches supply the skin of the lateral and 
ventral part of the chest and mammae; those 
of the fifth and sixth nerves also supply the 
cranial digitations of the obliquus externus 
abdominis. The posterior branches supply 
the skin over the latissimus dorsi and the 
scapular region. 


The intercostobrachial nerve (Figs. 12-39; 
12-41; 12-46) arises from the seeond intercos- 
tal nerve as if it were a lateral cutaneous 
nerve, but it fails to divide into an anterior 
and a posterior branch. After piercing the 
intercostales and the serratus anterior, it 
crosses the axilla, embedded in the adipose 
tissue, to reach the medial side of the arm. It 
forms a loop of communication with the 
medial brachial cutaneous nerve of the 
brachial plexus and assists it in supplying 


the skin of the medial and posterior part of 
the arm. It also communicates with the pos- 
terior brachial cutaneous branch of the ra- 
dial nerve. 

An intercostobrachial branch frequently 
arises from the third intercostal nerve, sup- 
plying the axilla and medial side of the arm. 


LOWER THORACIC NERVES 


The ventral primary divisions of the sev- 
enth to eleventh thoracic nerves are contin- 
ued beyond the intercostal spaces into the 
anterior abdominal wall and are named the 
thoracoabdominal intercostal nerves (Figs. 
12-53; 12-54). They have the same arrange- 
ment as the upper nerves as far as the ante- 
rior ends of the intercostal spaces, where 
they pass dorsal to the costal cartilages. 
They run ventralward between the obliquus 
internus and transversus abdominis mus- 
cles, pierce the sheath of the rectus abdomi- 
nis, which they supply, and terminate as the 
anterior cutaneous branches. 

MUSCULAR BRANCHES. Muscular branches 
supply the intercostales, the obliqui, and 
transversus abdominis muscles; the last 
three also supply the serratus posterior infe- 
rior. 

CUTANEOUS BRANCHES. The lateral cuta- 
neous branches (Figs. 12-53; 12-54) arise mid- 
way along the nerves, pierce the intercostales 
externi and the obliquus externus in line 
with the lateral cutaneous branches of the 
upper intercostals, and divide into anterior 
and posterior branches. The _ anterior 
branches give branches to the digitations of 
the obliquus externus and extend caudal- 
ward and ventralward nearly as far as the 
margin of the rectus abdominis, supplying the 
skin. The posterior branches pass dorsally 
to supply the skin over the latissimus dorsi. 

The anterior cutaneous branches pene- 
trate the anterior layer of the sheath of the 
rectus abdominis and divide into medial and 
lateral branches that supply the skin of the 
anterior part of the abdominal wall. 


TWELFTH THORACIC NERVE 


The anterior primary division of the 
twelfth thoracic (Figs. 12-53; 12-54; 12-57) or 
subcostal nerve is larger than those above it. 
It runs along the inferior border of the 
twelfth rib, often communicates with the 
first lumbar nerve, and passes under the lat- 
eral lumbocostal arch. [t crosses the ventral 
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surface of the quadratus lumborum, pene- 
trates the transversus abdominis, and con- 
tinues ventralward to be distributed in the 
Same manner as the lower intercostal nerves. 
It communicates with the iliohypogastric 
nerve of the lumbar plexus and gives a 
branch to the pyramidalis. The lateral cuta- 
neous branch is large and does not divide 
into anterior and posterior branches. It 
perforates the obliqui muscles, passes down- 
ward over the crest of the ilium ventral to a 
similar branch of the iliohypogastric nerve, 
and is distributed to the skin of the anterior 
part of the gluteal region, some filaments ex- 
tending as far down as the greater trochanter. 


Lumbar Nerves and Lumbosacral Plexus 


The ventral primary divisions are increas- 
ingly large as they are placed more caudally 
in the lumbar region. Their course is lateral- 
ward and caudalward, either under cover of 
the psoas major muscle or between its fas- 
ciculi. The first three nerves and the larger 
part of the fourth nerve are connected by 
communicating loops, and they are fre- 
quently joined by a communication from the 
twelfth thoracic nerve, forming the lumbar 
plexus. The smaller part of the fourth nerve 
joins the fifth to form the lumbosacral trunk, 
which enters the sacral plexus. The fourth 
nerve, because it is divided between the two 
plexuses, is sometimes called the nervus 
furcalis. 

Only the first two lumbar nerves contrib- 
ute preganglionic sympathetic fibers to the 
sympathetic chain through white rami 
communicantes. All the lumbar nerves re- 
ceive postganglionic fibers from the sympa- 
thetic chain through gray rami communi- 
cantes. For more details see the section on 
the Sympathetic Nervous System. 

Muscular branches are supplied to the 
psoas major and the quadratus lumborum 
from the ventral primary divisions of the 
lumbar nerves before they enter the lumbar 
plexus. 

The lumbosacral plexus is the name given 
to the combination of all the ventral primary 
divisions of the lumbar, sacral, and coccyg- 
eal nerves. The lumbar and sacral plexuses 
supply the lower limb, but in addition the 
sacral nerves supply the perineum through 
the pudendal plexus and the coccygeal re- 
gion through the coccygeal plexus. For con- 
venience in description, these plexuses will 
be considered separately. 
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LUMBAR PLEXUS 


The lumbar plexus (Fig. 12-55) is formed 
by the ventral primary divisions of the first 
three and the greater part of the fourth lum- 
bar nerves, with a communication from the 
twelfth thoracic usually joining the first lum- 
bar nerve. It is situated on the inside of the 
posterior abdominal wall, either dorsal to 
the psoas major or among its fasciculi, and 
ventral to the transverse processes of the 
lumbar vertebrae. The lumbar plexus is not 
an intricate interlacement like the brachial 
plexus, but its branches usually arise from 
two or three nerves, so that the resulting 
junctions between adjacent nerves have the 
appearance of loops. 

The manner in which the plexus is formed 
is the following (Figs. 12-55; 12-56): the first 
lumbar nerve, usually supplemented by a 
communication from the twelfth thoracic 
nerve, splits into a cranial and a caudal 
branch. The cranial branch forms the iliohy- 
pogastric and ilioinguinal nerves; the caudal 
and smaller branches unite with a branch 
from the second lumbar nerve to form the 
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genitofemoral nerve. The remainder of the 
second nerve and the third and fourth 
nerves each split into a small ventral and a 
large dorsal portion; the ventral portions 
unite into one nerve, the obturator. The dor- 
sal portions of the second and third nerves 
each divide again into unequal branches; the 
two smaller branches unite to form the lat- 
eral femoral cutaneous nerve; the two larger 
branches join the dorsal portion of the 
fourth nerve to form the femoral nerve. The 
accessory obturator nerve, which is present 
in about one out of five individuals, comes 
from the third and fourth nerves. A consid- 
erable part of the fourth nerve joins the fifth 
lumbar nerve in the lumbosacral trunk. 

The branches of the lumbar plexus are as 
follows: 
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Fic. 12-56. The lumbar plexus and its branches. 


These branches may be divided into two 
eroups according to their distribution. The 
first three supply the caudal part of the 
parietes of the abdominal wall; the last four 
supply the anterior thigh and medial part of 
the leg. 

ILIOHYPOGASTRIC NERVE. The iliohypogas- 
tric nerve (Figs. 12-56; 12-58) arises from the 
first lumbar nerve and from the communiCca- 
tion with the twelfth thoracic nerve, when 
this is present. It emerges from the upper 
part of the lateral border of the psoas major, 
crosses the quadratus lumborum to the crest 
of the ilium, and penetrates the posterior 
part of the transversus abdominis near the 
crest of the ilium. Between the transversus 
and the obliquus internus it divides into a 
lateral and anterior cutaneous branch. 


The lateral cutaneous’ branch (iliac 


branch) pierces the obliqui internus and ex- 
ternus immediately above the iliac crest, and 
is distributed to the skin of the gluteal region 
posterior to the lateral cutaneous branch of 
the twelfth thoracic nerve (Figs. 12-57; 12- 
64); these two nerves are inversely propor- 
tional in size. 

The anterior cutaneous branch (hypogas- 
tric branch) (Figs. 12-54; 12-58) continues its 
course between the obliquus internus and 
tranversus, pierces the former, and becomes 
subcutaneous by passing through a perfora- 
tion in the aponeurosis of the obliquus ex- 
ternus about 2 cm above the superficial in- 
guinal ring. It is distributed to the skin of the 
hypogastric region (Fig. 12-27). 

Muscular branches are supplied to the 
obliquus internus and transversus. 


ILIOINGUINAL NERVE. ‘The ilioinguinal 
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Fig. 12-57. Deep and superficial dissection of the lumbar plexus. (Testut.) 


nerve (Figs. 12-56; 12-57) arises from the lat- 
eral border of the psoas major just caudal to 
the iliohypogastric nerve and follows a simi- 
lar course obliquely across the fibers of the 
quadratus lumborum to the crest of the 
ilium. It penetrates the transversus muscle 
near the anterior part of the crest, communi- 
cates with the iliohypogastric nerve, and 
pierces the obliquus internus, distributing 
filaments to it. It then accompanies the sper- 
matic cord through the superficial inguinal 
ring, and is distributed to the skin over the 
proximal and medial part of the thigh, the 


root of the penis, and the scrotum in the 
male (Fig. 12-57), or the mons pubis and the 
labium majus in the female. 

Muscular twigs are supplied to the 
obliquus internus and transversus. 


CLINICAL COMMENT. The optimal point for block- 
ing the tltohypogastric and ilioinguinal nerves with 
local anesthesia is 4 to 6 cm posterior to the anterior 
superior spine of the ilium, along the lateral aspect 
of the external lip of the crest, where the nerves per- 
forate the transversus abdominis muscle (Jamieson 
et al., 1952). 


Fic. 12-58. 
Anterior view. 






Deep peroneal 


Cutaneous nerves of right lower limb. 
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GENITOFEMORAL NERVE. The genitofemoral 
nerve (genitocrural nerve) (Figs. 12-56; 12-57; 
12-59) arises from the first and second lum- 
bar nerves and passes caudalward through 
the substance of the psoas major until it 
emerges on its ventral surface opposite the 
third or fourth lumbar vertebra, where it is 
covered by transversalis fascia and perito- 
neum. On the surface of the muscle, or occa- 
sionally within its substance, it divides into 
a genital and a femoral branch. 

The genital branch (external spermatic 
nerve) continues along the psoas major to 
the inguinal ligament, where it either pierces 
the transversalis and internal spermatic fas- 
cia or passes through the internal inguinal 
ring to reach the spermatic cord. It lies 
against the dorsal aspect of the cord, sup- 
plies the cremaster muscle, and is distrib- 
uted to the skin of the scrotum and adjacent 
thigh. In the female it accompanies the 
round ligament of the uterus. 

The femoral branch (lumboinguinal 
nerve) lies on the psoas major, lateral to the 
genital branch, and passes under the ingui- 
nal ligament with the external iliac artery. It 
enters the femoral sheath, superficial and 
lateral to the artery, then pierces the sheath 
and fascia lata to supply the skin of the 
proximal part of the anterior surface of the 
thigh. It gives a filament to the femoral ar- 
tery and communicates with the anterior 
cutaneous branches of the femoral nerve 
(Figs. 12-58; 12-59). 


VARIATIONS. The iliohypogastric or ilioinguinal 
nerves may arise from a common trunk, or the 
ilioinguinal nerve may join the iliohypogastric at the 
iliac crest, with the latter nerve then supplying the 
missing branches. The ilioinguinal nerve may be 
lacking and the genital branch supplies its branches, 
or the genital branch may be absent and the 
ilioinguinal substitutes for it. The femoral branch 
and lateral femoral cutaneous nerves or the anterior 
cutaneous branches of the femoral nerve may sub- 
stitute for each other to a greater or lesser extent. 


LATERAL FEMORAL CUTANEOUS NERVE. The 
lateral femoral cutaneous nerve (external 
cutaneous nerve) (Figs. 12-55; 12-58) arises 
from the dorsal portion of the ventral pri- 
mary divisions of the second and third lum- 
bar nerves. It emerges from the lateral bor- 
der of the psoas major about its middle, and 
runs across the iliacus muscle obliquely 
toward the anterior superior iliac spine. It 
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Fig. 12-59. Diagram of segmental distribution of the 
cutaneous nerves of the right lower limb. Anterior view. 


then passes under the inguinal ligament and 
over the sartorius muscle into the subcuta- 
neous tissues of the thigh, dividing into an 
anterior and a posterior branch (Fig. 12-57). 

The anterior branch becomes superficial 
about 10 cm distal to the inguinal ligament 
and is distributed to the skin of the lateral 
and anterior parts of the thigh as far as the 
knee (Fig. 12-58). The terminal filaments 
communicate with the anterior cutaneous 
branches of the femoral nerve and the infra- 
patellar branches of the saphenous nerve, 
forming the patellar plexus. 

The posterior branch pierces the fascia 
lata and subdivides into filaments that pass 
posteriorly across the lateral and posterior 
surfaces of the thigh, supplying the skin 
from the level of the greater trochanter to 
the middle of the thigh (Fig. 12-64). 

OBTURATOR NERVE. The obturator nerve 
(Figs. 12-55; 12-56), the motor nerve to the 
adductores muscles, arises by three roots 
from the ventral portions of the second, 
third, and fourth lumbar nerves; the root 
from the third lumbar nerve is the largest, 
and that from the second is often very small. 
The obturator emerges from the medial bor- 
der of psoas major near the brim of the pel- 
vis, under cover of the common iliac vessels, 
and passes lateral to the hypogastric vessels 
and the ureter. It runs along the lateral wall 
of the lesser pelvis to enter the upper part of 
the obturator foramen with the obturator 
vessels. As it enters the thigh it divides into 
anterior and posterior branches, which are 
separated by some of the fibers of the obtu- 
rator externus muscle and the adductor 
brevis muscle. 

Anterior Branch. The anterior or superfi- 
cial branch (Fig. 12-60) communicates with 
the accessory obturator nerve, when this is 
present, and passes over the superior border 
of the obturator externus, deep to the pectin- 
eus and adductor longus and superficial to 
the adductor brevis. At the distal border of 
the adductor longus it communicates with 
the anterior cutaneous and saphenous 
branches of the femoral nerve, forming the 
subsartorial plexus, and terminates in fila- 
ments accompanying the femoral artery. 

An articular branch to the hip joint is 
given off near the obturator foramen. Mus- 
cular branches are supplied to the adductor 
longus, gracilis, and usually to the adductor 
brevis; in rare instances it gives a branch to 
the pectineus muscle. 
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Fic. 12-60. Nerves of the right lower limb. Anterior 
view. 
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A cutaneous branch is occasionally found 
as a continuation of the communication with 
the anterior cutaneous and saphenous 
branches. It emerges from beneath the infe- 
rior border of the adductor longus and con- 
tinues along the posterior margin of the sar- 
torius to the medial side of the knee, where 
it pierces the deep fascia, communicates 
with the saphenous nerve, and is distributed 
to the skin of the medial side of the proximal 
half of the leg. 

Posterior Branch. ‘The posterior branch 
pierces the anterior part of the obturator ex- 
ternus, passes posterior to the adductor 
brevis and anterior to the adductor magnus, 
and divides into muscular and _ articular 
branches. 

Muscular branches are given to the obtu- 
rator externus as it passes between its fibers, 
to the adductor magnus, and to the adductor 
brevis when it is not supplied by the anterior 
branch. 

The articular branch for the knee joint ei- 
ther perforates the adductor magnus or 
passes under the arch through which the 
femoral artery passes and enters the poplit- 
eal fossa. It accompanies the popliteal ar- 
tery, supplying it with filaments, and reaches 
the back of the knee joint, where it perforates 
the oblique popliteal ligament and is distrib- 
uted to the synovial membrane. 

ACCESSORY OBTURATOR NERVE. ‘The acccs- 
sory obturator nerve (Fig. 12-56) is a small 
nerve present in about 29% of cases. It arises 
from the ventral part of the third and fourth 
lumbar nerves, follows along the medial bor- 
der of the psoas major, and crosses over the 
superior ramus of the pubis instead of going 
through the obturator foramen with the ob- 
turator nerve. It passes deep to the pectineus 
muscle, supplying it with branches, commu- 
nicates with the anterior branch of the obtu- 
rator nerve, and sends a branch to the hip 
joint. 


VARIATIONS. When the obturator nerve has a Cu- 
taneous branch, the medial cutaneous branch of the 
femoral nerve is correspondingly small. When the 
accessory obturator is lacking, the obturator nerve 
supplies two nerves to the hip joint; the accessory 
may be very small and be lost in the capsule of the 
hip joint. 


FEMORAL NERVE. The femoral nerve (ante- 
rior crural nerve) (Figs. 12-55 to 12-60), the 
largest branch of the lumbar plexus and the 
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principal nerve of the anterior part of the 
thigh, arises from the dorsal portions of the 
ventral primary divisions of the second, 
third, and fourth lumbar nerves. It emerges 
through the fibers of the psoas major at the 
distal part of its lateral border and passes 
down between it and the iliacus, being cov- 
ered by the iliac portion of the transversalis 
fascia. The femoral nerve passes under the 
inguinal ligament, lateral to the femoral ar- 
tery, and breaks up into branches soon after 
it enters the thigh. Muscular branches to the 
iliacus are given off within the abdomen. 
The anterior cutaneous branches are two 
large nerves: the intermediate and medial 
cutaneous nerves (Fig. 12-58). 

Intermediate Cutaneous Nerve. ‘The in- 
termediate cutaneous nerve (middle cutane- 
ous nerve) pierces the fascia lata (and gener- 
ally the sartorius) about 7.5 cm distal to the 
inguinal ligament. It divides into two 
branches that descend in immediate proxim- 
ity along the anterior thigh to supply the skin 
as far distally as the anterior knee. Here they 
communicate with the medial cutaneous 
nerve and the infrapatellar branch of the 
saphenous, thereby forming the patellar 
plexus. In the proximal part of the thigh the 
lateral branch of the intermediate cutaneous 


nerve communicates with the femoral 
branch of the genitofemoral nerve. 
Medial Cutaneous Nerve. The medial 


cutaneous nerve (internal cutaneous nerve) 
passes obliquely across the proximal part of 
the sheath of the femoral artery, and divides 
into two branches, an anterior and a pos- 
terior, anterior to or at the medial side of 
that vessel. Before dividing, it gives off a few 
filaments that accompany the great saphe- 
nous vein and pierce the fascia lata to supply 
the integument of the medial side of the 
thigh. One of these filaments passes through 
the saphenous opening; a second becomes 
subcutaneous about the middle of the thigh; 
a third pierces the fascia at its lower third. 
The anterior branch runs distalward on the 
sartorius, perforates the fascia lata at the dis- 
tal third of the thigh, and divides into two 
branches: one supplies the integument as far 
distally as the medial side of the knee; the 
other crosses to the lateral side of the patella, 
communicating in its course with the infra- 
patellar branch of the saphenous nerve. The 
posterior branch descends along the medial 
border of the sartorius muscle to the knee, 
where it pierces the fascia lata, communi- 


cates with the saphenous nerve, and gives off 
several cutaneous branches. It then passes 
down to supply the integument of the medial 
side of the leg. Beneath the fascia lata, at the 
lower border of the adductor longus, it 
forms a plexiform network (subsartorial 
plexus) with branches of the saphenous and 
obturator nerves. 


Variations. When the communicating branch 
from the obturator nerve is large and continues to 
the integument of the leg, the posterior branch of 
the medial cutaneous nerve is small and terminates 
in the plexus, occasionally giving off a few cutane- 
ous filaments. 


Nerve to Pectineus. The nerve to the pec- 
tineus arises immediately below the inguinal 
ligament, and passes deep to the femoral 
sheath to enter the anterior surface of the 
muscle; it is often double. 

Nerve to Sartorius. The nerve to the sar- 
torius arises in common with the intermedi- 
ate cutaneous nerve and enters the deep sur- 
face of the proximal part of the muscle. 

Saphenous Nerve. The saphenous nerve 
(Figs. 12-58; 12-60; 12-64) is the largest and 
longest branch of the femoral nerve; it sup- 
plies the skin of the medial side of the leg. It 
passes deep to the sartorius in company with 
the femoral artery, and lies anterior to the 
artery, crossing from its lateral to its medial 
side, within the fascial covering of the ad- 
ductor canal (Fig. 8-61). At the tendinous 
arch in the adductor magnus, it quits the ar- 
tery, penetrates the fascial covering of the 
adductor canal, continues along the medial 
side of the knee deep to the sartorius, and 
pierces the fascia lata between the tendons 
of the sartorius and the gracilis to become 
subcutaneous. It then accompanies the great 
saphenous vein along the tibial side of the 
leg, and at the medial border of the tibia in 
the distal third of the leg, it divides into two 
terminal branches. 

One branch joins the medial cutaneous 
and obturator nerves in the middle of the 
thigh to form the subsartorial plexus. 

A large infrapatellar branch, given off at 
the medial side of the knee, pierces the sarto- 
rius and fascia lata and is distributed to the 
skin in front of the patella. Above the knee it 
communicates with the anterior cutaneous 
branches of the femoral nerve; below the 
knee it communicates with other branches 
of the saphenous nerve; and on the lateral 


side of the joint, it communicates with 
branches of the lateral femoral cutaneous 
nerve to form the patellar plexus. 

Branches below the knee are distributed 
to the skin of the anterior and medial side of 
the leg, communicating with the medial cu- 
taneous nerve and the cutaneous branch of 
the obturator, if present. One branch contin- 
ues along the margin of the tibia, and ends at 
the ankle. The other terminal branch passes 
anterior to the ankle and is distributed to the 
medial side of the foot, as far as the ball of 
the great toe, communicating with the me- 
dial branch of the superficial peroneal 
nerve. 

Branches to the Quadriceps Femoris. The 
branch to the rectus femoris enters the prox- 
imal part of the deep surface of the muscle 
(Fig. 12-60). The large branch to the vastus 
lateralis accompanies the descending branch 
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of the lateral femoral circumflex artery to the 
distal part of the muscle. The branch to the 
vastus medialis muscle runs parallel with the 
saphenous nerve, lateral to the femoral vessels 
and outside of the adductor canal, and it enters 
the muscle near its middle. The two or three 
branches to the vastus intermedius, enter the 
anterior surface of the muscle about the middle 
of the thigh; a filament from one of these de- 
scends through the muscle to the articularis 
genu and the knee joint. 

Articular Branches. The articular branch 
to the hip joint is derived from the nerve to 
the rectus femoris. 

Articular branches to the knee joint are 
three in number. (1) A long slender filament 
derived from the nerve to the vastus lateralis 
penetrates the capsule of the joint on its an- 
terior aspect. (2) A filament derived from the 
nerve to the vastus medialis can usually be 
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Fic. 12-61. Dissection of side wall of pelvis showing sacral and pudendal plexuses. (Testut.) 
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Fig. 12-62. Dermatome chart of the lower limb of man 


function of a single nerve root. (From Keegan and Garrett, 


traced downward on the surface of this mus- 
cle; it pierces the muscle and accompanies 
the articular branch of the descending 
genicular artery to the medial side of the ar- 
ticular capsule, which it penetrates, to sup- 
ply the synovial membrane. (3) The branch 
to the vastus intermedius, which supplies 


the articularis genu, also is distributed to the 
knee joint. 


Sacral and Coccygeal Nerves 
and Sacral Plexus 


The ventral primary divisions of the sacral 
coccygeal nerves enter into the formation of 
the sacral and pudendal plexuses. Those 
from the first four sacral nerves enter the 
pelvis through the anterior sacral foramina: 
the fifth enters between the sacrum and coc- 
cyx, and the coccygeals enter below the first 
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outlined by the pattern of hyposensitivity from loss of 
Anat. Rec., 102:417, 1948.) 


piece of the coccyx. The first and second 
sacrals are large; the third, fourth, and fifth 
diminish progressively in size. 

The sacral plexus (Figs. 12-61; 12-63; 12-70) 
is formed by the lumbosacral trunk from the 
fourth and fifth lumbar nerves and by the 
first, second, and third sacral nerves. They 
converge toward the caudal part of the 
greater sciatic foramen and unite into a large 
flat band, most of which is continued into 
the thigh as the sciatic nerve. The plexus lies 
against the posterior and lateral walls of the 
pelvis, between the piriformis and the inter- 
nal iliac vessels, which are embedded in the 
pelvic subserous fascia. The nerves that 
enter the plexus, with the exception of the 
third sacral, split into ventral and dorsal por- 
tions, and the branches that arise from them 
are listed in the chart that appears at the top 
of page 1236. 
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Fic. 12-63. Plan of sacral and coccygeal plexuses. 


NERVE TO QUADRATUS FEMORIS 
AND GEMELLUS INFERIOR 


The nerve to the quadratus femoris and 
gemellus inferior, from the ventral portions 
of L 4, 5, and $1, leaves the pelvis through 
the greater sciatic foramen, distal to the piri- 
formis and ventral to the sciatic nerve. It 
runs ventral or deep to the tendon of the ob- 
turator internus and gemelli and enters the 


deep surface of the quadratus and gemellus 
inferior. 

An articular branch is given to the hip 
joint. 
NERVE TO OBTURATOR INTERNUS 
AND GEMELLUS SUPERIOR 


The nerve to the obturator internus and 
gemellus superior (Fig. 12-66), from the ven- 
tral portions of L 5, and S 1, 2, leaves the pel- 
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Branches From the Sciatic Plexus 


1. Nerve to quadratus femoris 
and gemellus inferior 

2. Nerve to obturator internus 
and gemellus superior 

. Nerve to piriformis 

. Superior gluteal 

. Inferior gluteal 

. Posterior femoral cutaneous 

. Perforating cutaneous 

. Sciatic 
a. Tibial 
b. Common peroneal 

9. (Pudendal) 
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vis through the greater sciatic foramen distal 
to the piriformis. It gives off the branch to 
the gemellus superior, then crosses the spine 
of the ischium, reenters the pelvis through 
the lesser sciatic foramen, and enters the 
pelvic surface of the obturator internus. 


NERVE TO PIRIFORMIS 


The nerve to the piriformis, from the dor- 
sal portions of S 2 or S 1, 2, enters the ventral 
surface of the muscle; it may be double. 


SUPERIOR GLUTEAL NERVE 


The superior gluteal nerve (Figs. 12-66; 
12-70), from the dorsal portions of L 4, 5, and 
5 1, leaves the pelvis through the greater sci- 
atic foramen proximal to the piriformis, and 
accompanying the superior gluteal vessels 
and their branches, divides into a superior 
and an inferior branch. 

The superior branch is distributed to the 
gluteus minimus muscle. The _ inferior 
branch crosses the gluteus minimus, gives 
filaments to the gluteus medius and mini- 
mus, and ends in a branch to the tensor fas- 
clae latae. 


INFERIOR GLUTEAL NERVE 


The inferior gluteal nerve, from the dorsal 
portions of L5, and S 1, 2, leaves the pelvis 
through the greater sciatic foramen distal to 
the piriformis and enters the deep surface of 
the gluteus maximus. 
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POSTERIOR FEMORAL CUTANEOUS NERVE 


The posterior femoral cutaneous nerve 
(small sciatic nerve) (Figs. 12-64 to 12-66) is 
distributed to the skin of the perineum and 
the posterior surface of the thigh and leg. It 
arises from the dorsal portions of S1 and 2 
and from the ventral divisions of S 2 and 3, 
and leaves the pelvis through the greater sci- 
atic foramen distal to the piriformis. It ac- 
companies the inferior gluteal artery to the 
inferior border of the gluteus maximus and 
runs down the posterior thigh, superficial to 
the long head of the biceps femoris and deep 
to the fascia lata to the back of the knee. It 
pierces the deep fascia and accompanies the 
small saphenous vein to the middle of the 
back of the leg, its terminal twigs communi- 
cating with the sural nerve. 

The three or four inferior clunial branches 
(gluteal branches) turn upward around the 
lower border of the gluteus maximus and 
supply the skin covering the lower and lat- 
eral part of that muscle. 

The perineal branches (Fig. 12-66) arise at 
the lower border of the gluteus maximus, 
run medially over the origin of the ham- 
strings toward the groove between the thigh 
and perineum, and pierce the deep fascia to 
supply the skin of the external genitalia and 
adjacent proximal medial surface of the 
thigh. One long branch, the inferior puden- 
dal (long scrotal nerve) (Fig. 12-70), runs ven- 
trally in the fascia of the perineum to the 
skin of the scrotum and base of the penis in 
the male or to the skin of the labium majus 
in the female, communicating with the pos- 
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terior scrotal and inferior rectal branches of 
the pudendal nerve. 

The femoral branches consist of numer- 
ous filaments from both sides of the nerve 
that are distributed to the skin of the poste- 
rior and medial sides of the thigh and the 
popliteal fossa (Fig. 12-64). 

The sural branches are usually two termi- 
nal twigs that supply the skin of the poste- 
rior leg to a varying extent and communicate 
with the sural nerve. 


VARIATIONS. When the tibial and peroneal nerves 
arise separately, the posterior femoral cutaneous 
nerve also arises from the sacral plexus in two parts. 
The ventral portion accompanies the tibial nerve and 
gives off the perineal and medial femoral branches; 
the dorsal portion passes through the piriformis with 
the peroneal nerve and supplies the gluteal and lat- 
eral femoral branches. The inferior pudendal branch 
may pierce the sacrotuberous ligament. The sural 
branches may be lacking or may extend down as far 
as the ankle. 


PERFORATING CUTANEOUS NERVE 


The perforating cutaneous nerve (n. 
clunium inferior medialis) arises from the 
posterior surface of the second and third 
sacral nerves. It pierces the caudal part of 
the sacrotuberous ligament, winds around 
the inferior border of the gluteus maximus, 
and is distributed to the skin over the medial 
and caudal parts of that muscle. 


VARIATIONS. The perforating cutaneous nerve Is 
lacking in one third of the bodies; its place may be 
taken by a branch of the posterior femoral cutaneous 
nerve, or by a branch from S 3 and 4, or S 4 and 5. 
It may pierce the gluteus maximus as well as the 
ligament, or instead of piercing the ligament it may 
accompany the pudendal nerve or go between the 
muscle and the ligament. It may arise in common 
with the pudendal nerve. 


SCIATIC NERVE 


The sciatic nerve (n. ischiadicus; great sci- 
atic nerve) (Fig. 12-66) is the largest nerve in 
the body. It supplies the skin of the foot and 
most of the leg, the muscles of the posterior 
thigh, all the muscles of the leg and foot, and 
contributes filaments to all the joints of the 
lower limb. It is the continuation of the main 
part of the sacral plexus, arising from L 4, 5 
and S1, 2, 3. It passes out of the pelvis 
through the greater sciatic foramen and ex- 
tends from the inferior border of the piri- 


formis to the distal third of the thigh, where 
it splits into two large terminal divisions, the 
tibial and common peroneal nerves. In the 
proximal part of its course it rests upon the 
posterior surface of the ischium, between 
the ischial tuberosity and the greater tro- 
chanter of the femur, and crosses the obtura- 
tor internus, gemelli, and quadratus femoris. 
It is accompanied by the posterior femoral 
cutaneous nerve and the inferior gluteal ar- 
tery and is covered by the gluteus maximus. 
More distally it lies upon the adductor mag- 
nus and is crossed obliquely by the long 
head of the biceps femoris. 

The tibial and common peroneal nerves 
represent two divisions within the sciatic 
nerve that are manifest at the origin of the 
nerve and preserve their identity throughout 
its length, although combined into one large 
nerve by a common connective tissue 
sheath. The tibial division takes its origin in 
the sacral plexus from the ventral divisions 
of L4, 5, and S 1, 2, 3; the peroneal division 
originates from the dorsal divisions of L 4, 5 
and $1, 2. In some bodies these two divi- 
sions remain separate throughout their 
course, no true sciatic nerve being formed. 


Articular Branches 


Articular branches arise from the proxi- 
mal part of the nerve and supply the hip 
joint, perforating the posterior part of the 
capsule. They may arise from the sacral 
plexus. 


Muscular Branches 


The muscular branches to the hamstrings, 
viz., the long head of the biceps femoris, the 
semitendinosus, and the semimembranosus 
muscles, and to the adductor magnus come 
from the tibial division; the branch to the 
short head of the biceps comes from the 
common peroneal division. 


Tibial Nerve 


The tibial nerve (medial popliteal nerve) 
(Fig. 12-66), the larger of the two terminal 
divisions of the sciatic nerve, is composed of 
fibers from the ventral portions of L 4, 5 and 
S 1, 2, 3. It continues in the same direction as 
the sciatic nerve, at first deep to the long 
head of the biceps, then through the middle 
of the popliteal fossa covered by adipose tis- 
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sue and fascia. After crossing the popliteus 
muscle, it passes between the heads of the 
gastrocnemius and under the soleus. It re- 
mains deep to these muscles down to the 
medial margin of the tendo calcaneus, along 
which it runs to the flexor retinaculum and 
there divides into the medial and lateral 
plantar nerves. At its origin it is some dis- 
tance lateral to the popliteal artery and vein, 
but as it continues in a straight course it 
crosses superficial to the vessels in the pop- 
liteal fossa, and, lying medial to them, passes 
with them under the tendinous arch formed 
by the soleus. It accompanies the posterior 
tibial artery, at first being medial but soon 
crossing the artery and lying lateral to it 
down to the ankle. 

ARTICULAR BRANCHES OF TIBIAL NERVE. Ar- 
ticular branches supply the knee and ankle 
joints. 

Three branches, accompanying the supe- 
rior and inferior medial genicular and the 
middle genicular arteries, pierce the liga- 
ments and supply the knee joint. The supe- 
rior branch is inconstant. Just proximal to 
the bifurcation at the flexor retinaculum, 
an articular branch is given off to the ankle 
joint. 

MUSCULAR BRANCHES OF TIBIAL NERVE. 
Muscular branches are supplied to the mus- 
cles of the posterior leg. Branches that arise 
as the nerve lies between the two heads of 
the gastrocnemius are distributed to both 
heads of the gastrocnemius, plantaris, so- 
leus, and popliteus; the latter branch turns 
around the distal border and is distributed to 
the deep surface of the muscle. Arising more 
distally, either separately or by a common 
trunk, are branches to the soleus, tibialis 
posterior, flexor digitorum longus, and flexor 
hallucis longus; the branch to the last muscle 
accompanies the peroneal artery; that to the 
soleus enters the deep surface of the muscle. 

MEDIAL SURAL CUTANEOUS NERVE. The 
medial sural cutaneous nerve (n. communi- 
cans tibialis) remains superficial in the 
eroove between the two heads of the gas- 
trocnemius, accompanied by the small sa- 
phenous vein. Near the middle of the back of 
the leg, it pierces the deep fascia and is 
joined by the communicating ramus of the 
lateral sural cutaneous branch of the pero- 
neal nerve to form the sural nerve. 

SURAL NERVE. The sural nerve (short sa- 
phenous nerve) (Fig. 12-64) is formed by the 
union of the medial sural cutaneous nerve 
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and the communicating ramus of the lateral 
sural cutaneous nerve (peroneal anasto- 
motic). Lying with the small saphenous vein 
near the lateral margin of the tendo calca- 
neus, it continues distally to the interval be- 
tween the lateral malleolus and the calca- 
neus, supplying branches to the skin of the 
back of the leg and communicating with the 
posterior femoral cutaneous nerve. The 
nerve turns anteriorly below the lateral mal- 
leolus and is continued as the lateral dorsal 
cutaneous nerve along the lateral side of the 
foot and little toe (Fig. 12-58). It communi- 
cates on the dorsum of the foot with the in- 
termediate dorsal cutaneous nerve, a branch 
of the superficial peroneal nerve. 

MEDIAL CALCANEAL BRANCHES. The medial 
calcaneal branches (internal calcaneal 
branches) (Fig. 12-66) perforate the flexor 
retinaculum and are distributed to the skin 
of the heel and medial side of the sole of the 
foot. 

MEDIAL PLANTAR NERVE. The medial plan- 
tar nerve (internal plantar nerve) (Fig. 12- 
67), the larger of the two terminal branches 
of the tibial nerve, accompanies the medial 
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Fig. 12-67. The plantar nerves. 


plantar artery. From its origin under the 
flexor retinaculum, it passes deep to the ab- 
ductor hallucis, and appearing between this 
muscle and the flexor digitorum brevis, it 
gives off the proper plantar digital nerve to 
the great toe. It finally divides opposite the 
bases of the metatarsal bones into three 
common digital nerves. 

Branches of the Medial Plantar Nerve. 
The plantar cutaneous branches pierce the 
plantar aponeurosis between the abductor 
hallucis and the flexor digitorum brevis and 
are distributed to the skin of the sole of the 
foot (Fig. 12-68). 

Muscular branches for the abductor hallu- 
cis and flexor digitorum brevis arise from 
the trunk of the nerve and enter the deep 
surfaces of the muscles. A branch for the 
flexor hallucis brevis springs from the 
proper digital nerve to the medial side of the 
great toe. A branch for the first lumbrical 
comes from the first common digital nerve. 

The articular branches supply the joints of 
the tarsus and metatarsus. 

The proper digital nerve of the great toe 
pierces the plantar aponeurosis posterior to 
the tarsometatarsal joint, sends a branch to 
the flexor hallucis brevis, and is distributed 
to the skin of the medial side of the great toe 
(Fig. 12-67). 

The three common digital nerves pass be- 
tween the divisions of the plantar aponeuro- 
sis; each splits into the two proper digital 
nerves. Those of the first common digital 
supply the adjacent sides of the great and 
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Fic. 12-68. Diagram of the segmental distribution of 
the cutaneous nerves of the sole of the foot. 


second toes; those of the second, the adja- 
cent sides of the second and third toes; those 
of the third, the adjacent sides of the third 
and fourth toes. The first common digital 
nerve gives a twig to the first lumbrical. 
The third communicates with the lateral 
plantar nerve. Each proper digital nerve 
gives off cutaneous and articular filaments 
along the digit, finally terminating in the ball 
of the toe, and opposite the distal phalanx 
sends a dorsal branch that is distributed to 
the structures around the nail. 

LATERAL PLANTAR NERVE. The lateral plan- 
tar nerve (external plantar nerve) (Figs. 12- 
67; 12-68) supplies the skin of the fifth and 
lateral half of the fourth toes, as well as most 
of the deep muscles of the foot; its distribu- 
tion is similar to that of the ulnar nerve in 
the hand. It passes distally with the lateral 
plantar artery to the lateral side of the foot, 
lying between the flexor digitorum brevis 
and the quadratus plantae, and in the inter- 
val between the former muscle and the ab- 
ductor digiti minimi, it divides into a super- 
ficial and a deep branch. 

Branches of the Lateral Plantar Nerve. 
Muscular branches to the quadratus plantae 
and the abductor digiti minimi are given off 
before the division into superficial and deep 
branches. 

The superficial branch splits into a com- 
mon digital nerve and a nerve that supplies 
the proper digital for the lateral side of the 
little toe, and muscular branches to the 
flexor digiti minimi brevis and the two inter- 
ossei of the fourth intermetatarsal space. 
The common digital nerve has a communi- 
cation with the third common digital branch 
of the medial plantar nerve and divides into 
two proper digital nerves that are distrib- 
uted to the adjacent sides of the fourth and 
fifth toes. 

The deep branch accompanies the lateral 
plantar artery on the deep surface of the ten- 
dons of the flexors longi and the adductor 
hallucis. It supplies all the interossei except 
those in the fourth intermetatarsal space, the 
second, third, and fourth lumbricals, and 
the adductor hallucis. 


Common Peroneal Nerve 


The common peroneal nerve (lateral 
popliteal nerve; peroneal nerve) (Fig. 12-66), 
the smaller of the two terminal divisions of 
the sciatic nerve, is composed of fibers from 
the dorsal portions of L 4, 5 and $ 1, 2. It runs 
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obliquely along the lateral side of the poplit- 
eal fossa, close to the medial border of the 
biceps femoris and between that muscle and 
the lateral head of the gastrocnemius, to the 
head of the fibula. It winds around the neck 
of the fibula and passes deep to the peroneus 
longus, where it divides into the superficial 
and deep peroneal nerves. 

ARTICULAR BRANCHES. There are three ar- 
ticular branches to the knee: (a) one 
accompanies the superior lateral genicular 
artery to the knee, occasionally arising from 
the trunk of the sciatic nerve; (b) one accom- 
panies the inferior lateral genicular artery to 
the joint; and (c) the third (recurrent) articu- 
lar nerve is given off at the point of division 
of the common peroneal nerve and accom- 
panies the anterior tibial recurrent artery 
through the substance of the tibialis anterior 
to the anterior part of the knee (Fig. 12-60, 
not labeled). 

LATERAL SURAL CUTANEOUS NERVE. ‘The lat- 
eral sural cutaneous nerve (lateral cutane- 
ous branch) is distributed to the skin of the 
posterior and lateral surfaces of the leg (Fig. 
12-65) and has an important communicating 
ramus. The communicating ramus (peroneal 
anastomotic nerve) (Figs. 12-64; 12-66) arises 
near the head of the fibula, crosses superfi- 
cial to the lateral head of the gastrocnemius, 
and in the middle of the leg joins the medial 
sural cutaneous nerve to form the sural 
nerve. 

DEEP PERONEAL NERVE. The deep peroneal 
nerve (anterior tibial nerve) (Figs. 12-60; 12- 
69), arising from the bifurcation of the com- 
mon peroneal nerve between the fibula and 
the peroneus longus, continues deep to the 
extensor digitorum longus to the anterior 
surface of the interosseous membrane. It 
meets the anterior tibial artery in the proxi- 
mal third of the leg and continues with it 
distally, passes under the extensor retinacu- 
lum, and terminates at the ankle in a medial 
and a lateral branch. 

Muscular branches are supplied in the leg 
to the tibialis anterior, extensor digitorum 
longus, peroneus tertius, and extensor hallu- 
cis longus. 

An articular branch is supplied to the 
ankle joint. 

The lateral terminal branch (external or 
tarsal branch) passes across the tarsus deep 
to the extensor digitorum brevis, and having 
become enlarged like the dorsal interosseous 
nerve at the wrist, supplies the extensor digi- 
torum brevis. Three minute interosseous 
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Fic. 12-69. Deep nerves of the anterior leg. 


branches are given off from the enlargement: 
they supply the tarsal joints and the meta- 
tarsophalangeal joints of the second, third, 
and fourth toes. A muscular filament is sent 
to the second interosseus dorsalis from the 
first of these interosseous branches. 

The medial terminal branch (internal 
branch) accompanies the dorsalis pedis ar- 


tery along the dorsum of the foot, and at the 
first interosseous space, divides into two 
dorsal digital nerves (Fig. 12-70) which sup- 
ply adjacent sides of the great and second 
toes, communicating with the medial dorsal 
cutaneous branch of the superficial peroneal 
nerve. An interosseous branch, given off be- 
fore it divides, enters the first space, supply- 


ing the metatarsophalangeal joint of the 
great toe and sending a filament to the first 
interosseus dorsalis. 

SUPERFICIAL PERONEAL NERVE. ‘The super- 
ficial peroneal nerve (musculocutaneous 
nerve) (Figs. 12-69; 12-70) passes distally be- 
tween the peronei and the extensor digi- 
torum longus, pierces the deep fascia in the 
lower third of the leg, and divides into a 
medial and intermediate dorsal cutaneous 
nerve. 

Muscular branches are given off in its 
course between the muscles to the peroneus 
longus and brevis. 

Cutaneous filaments are supplied to the 
skin of the lower part of the leg. 

The medial dorsal cutaneous nerve (inter- 
nal dorsal cutaneous branch) (Fig. 12-69) 
passes in front of the ankle joint and divides 
into two dorsal digital branches. The medial 
one supplies the medial side of the great toe 
and communicates with the deep peroneal 
nerve. The lateral one supplies the adjacent 
sides of the second and third toes. It also 
supplies the skin of the medial side of the 
foot and ankle and communicates with the 
Saphenous nerve. 

The intermediate dorsal cutaneous nerve 
(external dorsal cutaneous branch) (Fig. 12- 
69) passes along the lateral part of the dor- 
sum of the foot, supplying the skin of the 
lateral side of the foot and ankle and ccom- 
municating with the sural nerve. It termi- 
nates by dividing into two dorsal digital 
branches, one of which supplies the adja- 
cent sides of the third and fourth toes, the 
other the adjacent sides of the fourth and lit- 
tle toes. Frequently some of the lateral 
branches of the superficial peroneal nerve 
are absent and their places are then taken by 
branches of the sural nerve. 


Pudendal Plexus 


The pudendal plexus (Figs. 12-63; 12-70) is 
formed from the anterior branches of the 
second and third and all of the fourth sacral 
nerves. It is sometimes considered a part of 
the sacral plexus. It lies in the posterior hol- 
low of the pelvis on the ventral surface of 
the piriformis muscle. 


VISCERAL BRANCHES 


The visceral branches arise from the sec- 
ond, third, and fourth sacral nerves. They 
contain (1) parasympathetic visceral efferent 
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preganglionic fibers, which form synapses 
with the cells in the small scattered ganglia 
located in or near the walls of the pelvic vis- 
cera, and (2) visceral afferent fibers from the 
pelvic organs. These nerves join branches of 
the hypogastric plexus of the sympathetic 
and the sympathetic chain to form the pelvic 
plexus, which lies in the deeper portion of 
the pelvic subserous fascia (Ashley and 
Anson, 1946). 

The various elements of the pelvic plexus 
cannot be followed by dissection, but the 
destination of the sacral parasympathetic 
fibers has been traced by clinical observa- 
tion and animal experimentation. 

The branches to the bladder, prostate and 
seminal vesicles approach these organs from 
their posterior and lateral sides and termi- 
nate in groups of ganglion cells in the pelvic 
plexus or in the walls of the organs. The 
postganglionic fibers are efferents to the 
muscles and glands, except the sphincters, to 
which they are inhibitory. 

The branches to the uterus reach the gan- 
glia in the uterine plexus. The postgangli- 
onic fibers are inhibitory except during 
pregnancy, when their function is said to be 
reversed. 

The branches to the external genitalia 
leave the pelvic plexus to join the pudendal 
nerve. They are distributed through its 
branches to the corpora cavernosa, causing 
active dilatation of the cavernous blood si- 
nuses. 

The branches to the alimentary tract con- 
sist of (a) filaments that go directly to the 
rectum from the pelvic plexus, and (b) fibers 
that pass through the hypogastric plexus, the 
hypogastric nerves, and the inferior mesen- 
teric plexus to reach the descending and sig- 
moid colon. These are preganglionic fibers 
that have synapses with the cells in the my- 
enteric and submucous plexuses and are ef- 
ferent to this part of the intestine, except for 
the sphincter ani internus, to which they are 
inhibitory. 


MUSCULAR BRANCHES 


The muscular branches (Fig. 12-61), de- 
rived mainly from the fourth (sometimes 
from the third and fifth) sacral, enter the pel- 
vic surfaces of the levator ani and coccyg- 
eus. The nerve to the sphincter ani externus 
(perineal branch) reaches the ischiorectal 
fossa by piercing the coccygeus or by pass- 
ing between it and the levator. 
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PUDENDAL NERVE 


The pudendal nerve (internal pudic nerve) 
(Fig. 12-70) arises from S 2, 3 and 4, and pass- 
ing between the piriformis and coccygeus, 
leaves the pelvis through the distal part of 
the greater sciatic foramen. It then crosses 
the spine of the ischium and reenters the pel- 
vis through the lesser sciatic foramen. It ac- 
companies the internal pudendal vessels 
along the lateral wall of the ischiorectal 
fossa in a tunnel formed by a splitting of the 
obturator fascia (Alcock’s canal’), and as it 
approaches the urogenital diaphragm, it 
splits into two terminal branches. 

INFERIOR RECTAL NERVE. The inferior rec- 
tal nerve (inferior hemorrhoidal nerve) 
arises from the pudendal nerve before its 
terminal division or occasionally directly 


‘Benjamin Alcock (1801-?): An Irish professor of anat- 
omy (Cork, then went to America). 


from the sacral plexus. Coursing medially 
across the ischiorectal fossa with the inferior 
rectal vessels, it breaks up into branches that 
are distributed to the sphincter ani externus 
and the integument around the anus. 
Branches of this nerve communicate with 
the perineal branch of the posterior femoral 
cutaneous nerve and with the posterior 
scrotal nerves. 

PERINEAL NERVE. The perineal nerve (Fig. 
12-70), the larger and more superficial of the 
two terminal branches of the pudendal, ac- 
companies the perineal artery and at the 
urogenital diaphragm divides into superfi- 
cial and deep branches. 

The two superficial branches of the peri- 
neal nerve are the medial and the lateral 
posterior scrotal (or labial) nerves. They 
pierce the fascia of the urogenital diaphragm 
and run ventrally along the lateral part of 
the urogenital triangle in company with the 
posterior scrotal branches of the perineal 


artery. They are distributed to the skin of the 
scrotum in the male or to the skin of the la- 
bium majus in the female. The lateral 
branch communicates with the perineal 
branch of the posterior femoral cutaneous 
nerve. 

The deep branch is mainly muscular, sup- 
plying branches to the transversus perinei 
superficialis, bulbocavernosus, ischiocaver- 
nosus, transversus perinei profundus, and 
sphincter urethrae membranacea. The nerve 
to the bulb is given off from the nerve to the 
bulbocavernosus; it pierces this muscle, and 
supplies the corpus cavernosum urethrae 
and the mucous membrane of the urethra. 

DORSAL NERVE OF PENIS. The dorsal nerve 
of the penis (Fig. 12-70), the deeper terminal 
branch of the pudendal nerve, accompanies 
the internal pudendal artery along the ramus 
of the ischium, and thenruns ventrally along 
the margin of the inferior ramus of the pubis, 
lying between the superficial and deep lay- 
ers of fascia of the urogenital diaphragm. 
Piercing the superficial layer, it gives a 
branch to the corpus cavernosum penis, and 
continuing forward in company with the 
dorsal artery of the penis between the layers 
of the suspensory ligament, it runs along the 
dorsum of the penis and is distributed to the 
skin of that organ, ending in the glans penis. 

The dorsal nerve of the clitoris is smaller 
and has a distribution corresponding to that 
of the penis in the male. 


Coccygeal Plexus 


The coccygeal plexus (Fig. 12-63) is 
formed by the coccygeal nerve with commu- 
nications from the fourth and fifth sacral 
nerves. From this delicate plexus, a few fine 
filaments, the anococcygeal nerves, pierce 
the sacrotuberous ligament and supply the 
skin in the region of the coccyx. 


Visceral Nervous System 


The visceral nervous system or visceral 
portion of the peripheral nervous system 
(vegetative nervous system; involuntary ner- 
vous system; major sympathetic system; 
plexiform nervous system) comprises the 
whole complex of fibers, nerves, ganglia, 
and plexuses by means of which impulses 
are conveyed from the central nervous 
system to the viscera and from the viscera to 
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VISCERAL NERVOUS SYSTEM 


the central nervous system. It has the usual 
two groups of fibers necessary for reflex con- 
nections: (a) afferent fibers, receiving stimuli 
and carrying impulses toward the central 
nervous system, and (b) efferent fibers, car- 
rying impulses from the appropriate centers 
to the active effector organs, which in this 
instance are the nonstriated muscle, cardiac 
muscle, and glands of the body. 


Attention is called to the use of the term sympa- 
thetic system in this edition. In former editions it was 
used for the visceral nervous system and included 
both afferent and efferent, autonomic and parasym- 
pathetic components. Although the central nervous 
system is involved in all nervous or reflex control of 
the viscera, with the possible exception of the en- 
teric plexus, it is more convenient for the purposes 
of description to separate the peripheral from the 
central portions. it must be emphasized, however, 
that the separation is artificial and should not be car- 
ried over into physiologic considerations. In the 
present edition the term sympathetic is used in the 
restricted meaning of the thoracolumbar division of 
the visceral efferent system. The terms sympathetic 
afferent and autonomic afferent are replaced by vis- 
ceral afferent. 


VISCERAL AFFERENT FIBERS 


The visceral afferent fibers cannot be sep- 
arated into a morphologically independent 
system because, like the somatic sensory fi- 
bers, their cell bodies are situated in the sen- 
sory ganglia of the cerebrospinal nerves. The 
distinction between somatic and visceral 
afferent fibers is one of peripheral distribu- 
tion rather than one of fundamental ana- 
tomic and physiologic significance. The vis- 
ceral afferents, however, commonly have 
modalities of sensation different from those 
of somatic afferents, and most of them are 
either vaguely localized or have no repre- 
sentation in consciousness. The visceral ef- 
ferent fibers make reflex connections with 
visceral afferents. The number and extent of 
the visceral afferents are not clearly estab- 
lished, and the peripheral processes reach 
the ganglia by various routes. Many traverse 
the branches and plexuses of the autonomic 
system, most of them accompany blood ves- 
sels for at least a part of their course, and 
some run in the cerebrospinal nerves. 


REFERRED PAIN. Although many, perhaps most, 
of the physiologic impulses carried by visceral affer- 
ent fibers fail to reach consciousness, pathologic 
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conditions or excessive stimulation may activate 
those that carry pain. The central nervous system 
has a poorly developed power of localizing the 
source of such pain, and by some mechanism not 
clearly understood, the pain may be referred to the 
region supplied by the somatic afferent fibers whose 
central connections are the same as those of the vis- 
ceral afferents. For example, the visceral afferents 
from the heart enter the upper thoracic nerves, and 
impulses traversing them may cause painful sensa- 
tions in the axilla, down the ulnar surface of the arm, 
and in the precardial region. The study of clinical 
cases of referred pain has been useful in tracing the 
path of afferent fibers from the various viscera, anda 
knowledge of these paths may assist the diagnosti- 
cian in locating a pathologic process. 


The visceral afferent fibers are summa- 
rized below; for more complete descriptions 
of the individual nerves mentioned, consult 
the accounts given elsewhere. 

HEAD. Visceral afferents from endings on 
the peripheral blood vessels of the face and 
scalp probably accompany the branches of 
the external carotid artery to the superior 
cervical ganglion and through communicat- 
ing rami to the spinal nerves. Afferents on 
the blood vessels of the brain and meninges 
may accompany the branches of the inter- 
nal carotid and vertebral arteries, passing 
through the upper cervical spinal nerves or 
possibly the ninth and tenth cranial nerves. 

NOSE AND NASAL CAViTy. There is evidence 
that a few visceral afferent fibers from the 
nose are brought to the brain by the nervus 
terminalis (Larsell, 1950). Others traverse the 
branches of the sphenopalatine and palatine 
nerves to reach the facial nerve through the 
Vidian and greater superficial petrosal nerves. 

MOUTH AND PHARYNX. ‘The visceral affer- 
ents from the mouth, pharynx, and salivary 
glands pass through the pharyngeal plexus 
to the glossopharyngeal, vagus, and facial 
nerves. 

neck. Visceral afferents from the larynx, 
‘trachea, esophagus, and thyroid gland are 
carried by the vagus or reach the sympa- 
thetic trunk through the pharyngeal plexus 
and pass through rami communicantes to 
the cervical or upper thoracic nerves. 

The carotid sinus nerve carries the vis- 
ceral afferents from the pressoreceptor end- 
ings in the carotid sinus through the glos- 
sopharyngeal nerve. The chemoreceptor 
afferents from the carotid body reach the 
vagus nerve through branches of the pharyn- 
geal or superior laryngeal nerves. 


THORAX. The visceral afferents from the 
thoracic wall and parietal pleura join the 
intercostal nerves, after following the ar- 
teries for variable distances, and thus enter 
the spinal ganglia. Those from the parietal 
pericardium join either the phrenic nerve or 
the intercostal nerves. 

Visceral afferents from the heart and the 
origins of the great vessels enter the cardiac 
plexus and either join the branches of the 
vagus or reach the upper thoracic spinal 
nerves and their ganglia by way of sympa- 
thetic branches, the sympathetic trunk, and 
raml communicantes. 

The aortic bodies (glomera aortica) are 
chemoreceptors similar to the carotid bod- 
ies; their afferent fibers run in the right vagus 
and have cell bodies in the inferior ganglion. 
The supracardial bodies (aortic paraganglia) 
are also chemoreceptors with their afferent 
fibers in the left vagus and cell bodies in the 
inferior ganglion. 

DEPRESSOR NERVE. In some animals, the 
afferent fibers of the vagus from the heart 
and great vessels are contained in a separate 
nerve whose stimulation depresses the activ- 
ity of the heart. In man, these fibers are prob- 
ably contained in the cardiac branches of 
the recurrent nerves. 

Visceral afferents from the lungs, bronchi, 
and pulmonary pleura reach either the vagus 
nerve through the pulmonary plexuses or 
the spinal nerves and their ganglia through 
the sympathetic branches and rami com- 
municantes. 

appomen. Visceral afferent fibers from 
the abdominal wall and parietal peritoneum 
probably accompany the arteries in part of 
their course and finally reach the spinal gan- 
glia through the spinal nerves. The myeli- 
nated fibers from the Pacinian! corpuscles in 
the mesentery and pancreas at its base run in 
the thoracic splanchnic nerves, then through 
the sympathetic trunk, and finally over the 
white rami communicantes to the spinal 
nerves and ganglia. 

Visceral afferent fibers from the stomach, 
small intestine, cecum, appendix, ascending 
and transverse colon, liver, gallbladder, bile 
ducts, pancreas, and suprarenals traverse 
the celiac plexus and its secondary plexuses 
and branches. They accompany the arter- 
ies, pass through the splanchnic nerves, the 


'Filippo Pacini (1812-1883): An Italian anatomist (Flor- 
ence). 


sympathetic trunk, and rami communican- 
tes to reach the spinal nerves and ganglia. 
Some of these afferents may enter the va- 
gus nerve. 

The visceral afferents from the kidney, 
ureter, testis, ductus deferens, ovary, and 
uterine tube traverse the renal and celiac 
plexuses or parts of their secondary plex- 
uses, pass through the lower thoracic and 
upper lumbar splanchnic nerves to the sym- 
pathetic trunk, and thence through white 
rami communicantes to the spinal nerves 
and ganglia. 

pecvis. The visceral afferent fibers from 
the descending colon, sigmoid, and rectum 
traverse the pelvic plexus, hypogastric nerves 
and plexus, inferior mesenteric plexus, ce- 
liac plexus, and lumbar splanchnic nerves 
on their way to the sympathetic trunk, white 
rami communicantes, and spinal nerves and 
ganglia. Others from the rectum _ pass 
through the pelvic plexus into the visceral 
branches of the second, third, and fourth 
sacral nerves and their ganglia. 

Visceral afferents from the bladder, pros- 
tate, seminal vesicles, and urethra pass 
through the pelvic plexus and through the 
hypogastric nerves and plexuses, splanchnic 
nerves, and sympathetic rami into the lum- 
bar ganglia, or through the visceral branches 
of the sacral nerves into the sacral ganglia. 

Visceral afferents from the uterus traverse 
the pelvic plexus, hypogastric nerves and 
plexus, lumbar splanchnic nerves, sympa- 
thetic trunk, rami communicantes, and lum- 
bar spinal nerves and their ganglia. 

Visceral afferent fibers from the external 
genitalia pass through either the pelvic 
plexus or the pudendal nerve and reach the 
sacral nerves and their ganglia. 

UPPER EXTREMITY. Visceral afferent fibers 
accompany the peripheral blood vessels 
for some distance, but may join the larger 
branches of the brachial plexus and reach 
the dorsal root ganglia through the spinal 
nerves, or they may follow the paths of the 
sympathetic fibers and reach the dorsal gan- 
glia, especially the first two or three thoracic, 
through the white rami communicantes. 

LOWER ExTREMITY. Visceral afferents ac- 
company the peripheral vessels and the fem- 
oral artery to the aortic plexus, then through 
the lumbar splanchnic nerves to the rami 
communicantes, spinal nerves and ganglia. 
Others may join the tibial or peroneal nerves 
and traverse the sacral and lumbar sym- 
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pathetic trunk and rami communicantes 
to reach the lumbar nerves and their gan- 
glia. 


AUTONOMIC OR VISCERAL EFFERENT 
SYSTEM 


The visceral efferent portions of the pe- 
ripheral nervous system are combined into a 
morphologic and physiologic entity called 
the autonomic nervous system (systema ner- 
vosum autonomicum) (Fig. 12-71). The fun- 
damental morphologic difference between 
the visceral and somatic motor systems is 
that two neurons are required to transmit an 
impulse from the central nervous system to 
the active effector organ in the viscera, 
whereas Only a single neuron is required to 
Carry an impulse from the central nervous 
system to a skeletal muscle fiber. As the 
name autonomic implies, this system has a 
certain amount of independence because, in 
most individuals, it is not under direct vol- 
untary commana. It is controlled by neurons 
within the central nervous system, neverthe- 
less, and is connected with the latter at vari- 
ous levels. The enteric plexus is the only 
portion of the visceral system that seems to 
carry out reflex responses without involving 
the central nervous system (Kuntz, 1953). 

The autonomic nervous system is com- 
posed of two divisions or systems that differ 
from each other morphologically and which 
for the most part are antagonistic to each 
other physiologically. The morphologic dif- 
ferences have to do (a) with the manner in 
which the two systems are connected with 
the central nervous system, and (b) with the 
location of their ganglia. The sympathetic or 
thoracolumbar system is connected with the 
central nervous system through the thoracic 
and upper lumbar segments of the spinal 
cord, and its ganglia tend to be placed near 
the spinal column rather than near the vis- 
cera innervated. The parasympathetic or 
craniosacral system is connected with the 
central nervous system through certain cra- 
nial nerves and through the middle three 
sacral segments of the spinal cord, and its 
ganglia tend to be placed peripherally near 
the organs innervated. 

The sympathetic and parasympathetic sys- 
tems both innervate many of the same organs, 
and in this double innervation the two sys- 
tems are usually antagonistic to each other 
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physiologically. No consistent rule can be 
given for the effect of each, but in general 
the sympathetic system mobilizes the energy 
for sudden activity such as that in rage or 
flight; for example, the pupils dilate, the 
heart beats faster, the peripheral blood ves- 
sels constrict, and the blood pressure rises. 
The parasympathetic system aims more to- 
ward restoring the reserves; for example, the 
pupils contract, the heart beats more slowly, 
and the alimentary tract and its glands be- 
come active. 

The two systems frequently travel to- 
gether, especially in the thorax, abdomen, 
and pelvis, forming extensive plexuses that 
contain the fibers of both. The arrangement 
of the bundles within these plexuses is very 
complicated and the identity of individual 
fibers cannot be determined with certainty. 
For purposes of description, therefore, a 
third subdivision of the autonomic system is 
recognized—the great autonomic plexuses. 


Parasympathetic System 


The parasympathetic system is the cranio- 
sacral portion of the autonomic nervous sys- 
tem and contains visceral efferent fibers that 
originate in certain cranial nerves and in the 
sacral portion of the spinal cord. 


CRANIAL PORTION OF THE PARASYMPATHETIC 
SYSTEM 


The cranial outflow includes fibers in the 
oculomotor, facial, glossopharyngeal, and 
vagus nerves. These nerves have been de- 
scribed previously and the details are re- 
peated here only insofar as they apply to the 
visceral efferent fibers. 

OCULOMOTOR NERVE. Theoculomotor nerve 
contains efferent fibers for the nonstriated 
muscle making up the ciliaris and sphincter 
pupillae muscles of the eyeball (for diagram, 
see Fig. 12-5). The preganglionic fibers arise 
from the cells in the Edinger-Westphal nu- 
cleus? located in the anterior part of the 
oculomotor nucleus in the tegmentum of the 
midbrain. They run in the inferior division 
of the oculomotor nerve to the ciliary gan- 


1Ludwig Edinger (1855-1918): A German neurologist and 
anatomist (Frankfurt-am-Main). 

“Karl Friedrich Otto Westphal (1833-1890): A German 
psychiatrist and anatomist (Berlin). 
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glion (Fig. 12-6) and there form synapses 
with the ganglion cells. The postganglionic 
fibers proceed in the short ciliary nerves to 
the eyeball, penetrate the sclera, and reach 
the muscles just named. 

FACIAL NERVE. The facial nerve contains 
efferent fibers for the lacrimal gland, the 
submandibular and sublingual glands, and 
the many small glands in the mucous mem- 
brane of the nasal cavity, palate, and tongue 
(for diagrams, see Figs. 12-16; 12-17). The 
preganglionic fibers arise from cells in the 
superior salivatory nucleus in the reticular 
formation, dorsomedial to the facial nucleus 
in the pons, and leave the brain in the nervus 
intermedius. 

Pterygopalatine Ganglion. Certain pre- 
ganglionic fibers branch from the facial 
nerve at the geniculum via the greater petro- 
sal nerve, course through the pterygoid ca- 
nal, and terminate by forming synapses with 
the cells in the pterygopalatine ganglion (Fig. 
12-12). Some of the postganglionic fibers 
reach the lacrimal gland via the maxillary, 
zygomatic, and lacrimal nerve route; others 
accompany the branches of the maxillary 
nerve to the glands in the mucous mem- 
brane of the nasal cavity and nasopharynx; 
and still others accompany the palatine 
nerves to the glands of the soft palate, ton- 
sils, uvula, roof of the mouth, and upper lip. 

Submandibular Ganglion. Other pregan- 
glionic fibers leave the facial nerve in the 
chorda tympani and with it join the lingual 
nerve to reach the submandibular ganglion 
(Fig. 12-12). They form synapses in the gan- 
glion or with groups of ganglion cells in the 
substance of the gland. The postganglionic 
fibers form the secretomotor supply to the 
submandibular and the sublingual glands. 

Otic Ganglion. Filaments communicating 
with the otic ganglion may contribute pre- 
ganglionic fibers which join those from the 
glossopharyngeal nerve to supply the pa- 
rotid gland. 

GLOSSOPHARYNGEAL NERVE. The glosso- 
pharyngeal nerve contains efferent fibers 
for the parotid gland and small glands in 
the mucous membrane of the tongue and 
floor of the mouth (for diagram, see Fig. 12- 
21) The preganglionic fibers arise in the infe- 
rior salivatory nucleus in the medulla ob- 
longata, traverse the tympanic and lesser 
petrosal nerves, and form synapses in the 
otic ganglion (Fig. 12-12). Most of the post- 


1250 


HE PERIPHERAL NERVOUS SYSTEM 


ganglionic fibers join the auriculotemporal 
nerve and are distributed with its branches 
to the parotid gland, providing its secreto- 
motor fibers. Other postganglionic fibers are 
said to supply the glands of the mucous mem- 
brane of the tongue and floor of the mouth. 

VAGUS NERVE. The vagus nerve contains 
efferent fibers for the nonstriated muscle 
and glands of the bronchial tree, of the ali- 
mentary tract as far as the transverse colon, 
of the gallbladder and bile ducts, the pan- 
creas, and inhibitory fibers for the heart. The 
preganglionic fibers arise from cells in the 
dorsal motor nucleus of the vagus in the 
medulla oblongata; they run in the vagus 
nerve and its branches to ganglia situated in 
or near the organs innervated. 

Heart. The preganglionic fibers for the 
heart reach the cardiac plexus by way of the 
superior and inferior cardiac nerves of the 
vagus, and are distributed by branches of the 
plexus to the ganglion cells in the heart wall 
(Fig. 12-77). The ganglion cells form numer- 
ous clusters in the connective tissue of the 
epicardium on the surface of the atrium, on 
the auricular appendages, and in the inter- 
atrial septum. The postganglionic fibers 
terminate in relation to specialized muscular 
elements in the sinoatrial and atrioventricu- 
lar nodes, and atrioventricular bundle and 
its branches as far as the Purkinje! fibers 
(Stotler and McMahon, 1947). 

Lungs. The preganglionic fibers from the 
bronchi leave the main trunk of the vagus 
nerve in the thorax as the anterior and poste- 
rior bronchial branches. They traverse the 
anterior and posterior pulmonary plexuses 
(Figs. 12-24; 12-25) and terminate in the clus- 
ters of ganglion cells scattered along the 
ramifications of the bronchial tree. The post- 
ganglionic fibers are distributed to the bron- 
chial musculature and bronchial glands. 

Alimentary Tract. The alimentary tract 
receives, through various branches, pregan- 
‘glionic fibers that end in the myenteric 
plexus of Auerbach and the submucous 
plexus of Meissner, forming synapses with 
the ganglion cells scattered in groups 
throughout these plexuses. The postgangli- 
onic fibers are the efferents from the muscu- 
lar walls and the secreting cells of the tunica 
mucosa. 


‘Johannes Evangelista Purkinje (1787-1869): A Bohemian 
anatomist and physiologist (Breslau and Prague). 


The preganglionic fibers reach the upper 
part of the esophagus through the recurrent 
nerve, and the lower part, below the hilum 
of the lung, through branches from the 
esophageal plexus (Fig. 12-76). 

The stomach receives an average of four 
branches from the anterior vagus and six 
from the posterior vagus. The pylorus and 
duodenum receive fibers from the hepatic 
branch of the anterior vagus. 

The small intestine, cecum, appendix ver- 
miformis, ascending and transverse colon 
receive fibers from the posterior vagus that 
join the celiac plexus (Fig. 12-80) and accom- 
pany the branches of the superior mesen- 
teric artery (Jackson, 1949). 

The gallbladder and bile ducts receive pre- 
ganglionic fibers through the vagus branches 
in the celiac plexus, which traverse the gas- 
trohepatic ligament and terminate in the 
small clusters of ganglion cells in the wall of 
the gallbladder and in the region adjacent to 
the bile ducts. The postganglionic fibers are 
the efferents for the muscular walls and 
mucous membrane. 

The pancreas receives fibers through the 
hepatic branches of the anterior and poste- 
rior vagi and, through the branches of the 
celiac plexus that accompany the arteries, 
supply this organ. 


SACRAL PORTION OF THE PARASYMPATHETIC SYSTEM 


The cells that give rise to the sacral out- 
flow are in the second, third, and fourth sac- 
ral segments of the spinal cord and pass out 
with the corresponding sacral nerves. They 
leave the sacral nerves in the visceral 
branches and join the pelvic plexus (Fig. 12- 
81) in the deeper portions of the pelvic sub- 
serous fascia. Branches from this plexus 
contain preganglionic fibers for the scattered 
ganglia in or near the walls of the various 
pelvic viscera (Ashley and Anson, 1946). 

The branches to the bladder, prostate and 
seminal vesicles supply efferent fibers to 
these organs, except for the fibers to the 
sphincter, which are inhibitory. 

The branches to the uterus and vagina 
reach ganglia in the uterovaginal plexus; the 
postganglionic fibers are inhibitory except 
during pregnancy, when their function is 
said to be reversed. 

The branches of the pelvic plexus, which 
join the pudendal nerve and are distributed 


to the external genitalia, cause active dilata- 
tion of the cavernous blood sinuses of the 
erectile corpora. 

The visceral branches of the sacral nerves 
in laboratory animals are concentrated in a 
single trunk called the ‘‘nervus erigens” be- 
cause of this function, but the term is not 
directly applicable to the conditions in man 
because there is no single nerve such as that 
used for experimentation in the animals. 

Branches from the pelvic plexus contain- 
ing preganglionic fibers join the hypogastric 
nerve, and through it and the inferior mesen- 
teric plexus are distributed to the descend- 
ing and sigmoid colon and rectum. They are 
efferent to this part of the intestine except 
for the sphincter ani internus, for which 
they are inhibitory. Small branches from the 
pelvic plexus go directly to the rectum. 


Sympathetic System 


The sympathetic system (Fig. 12-72) re- 
ceives its fibers that connect with the central 
nervous system through the thoracolumbar 
outflow of visceral efferent fibers. These fi- 
bers are the axons of cells in the lateral col- 
umn of gray matter in the thoracic and upper 
lumbar segments of the spinal cord. They 
leave the cord through the ventral roots of 
the spinal nerves and traverse short commu- 
nications to reach the sympathetic trunk, 
where they may terminate in the chain gan- 
glia of the trunk itself, or may continue into 
the collateral ganglia of the prevertebral 
plexuses. They are the preganglionic fibers 
and are mostly the small myelinated variety 
(3 um or less in diameter). The postgangli- 
onic fibers are the axons of the cells in these 
chain and collateral ganglia and are gener- 
ally unmyelinated. They are distributed to 
the heart, nonstriated muscle, and glands all 
over the body, which they reach by way 
of communications with the cerebrospinal 
nerves, by way of various plexuses, and by 
their own visceral branches of distribution. 


VARIATIONS. Variability is a prominent character- 
istic of the sympathetic system, and although a de- 
scription that will correspond with even the majority 
of individuals is impossible, certain general princi- 
ples of organization can be recognized. These are 
incorporated in the account that follows and the 
general description is supplemented and made spe- 
cific by giving a few of the common variations. 
Many of the details concerning the paths taken by 
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the fibers are still unknown, and we must rely heav- 
ily upon information obtained from animal experi- 
mentation, although it may not have been confirmed 
by clinical observations with human patients. 


SYMPATHETIC TRUNK. The sympathetic 
trunk consists of a series of ganglia called 
the central or chain ganglia (Fig. 12-76), 
which are connected by intervening cords 
and extend along the lateral aspect of the 
vertebral column from the base of the skull 
to the coccyx. The cranial end of the trunk 
proper is formed by the superior cervical 
ganglion (Fig. 12-72), but there is a direct 
continuation into the head, the internal ca- 
rotid nerve. The caudal ends of the two 
trunks converge at the coccyx and may 
merge into a single ganglion—the ganglion 
impar. Cross connections between the two 
cords in the sacral region are frequent, but 
rarely occur above the fifth lumbar. 

The trunk contains, in addition to the gan- 
glia, the preganglionic fibers, which are 
small (1 to 3 ym in diameter) and myelinated; 
the postganglionic fibers, which are mostly 
unmyelinated; and a smaller number of af- 
ferent fibers, which are both myelinated 
(medium, 5 wm, and large, 10 ym) and unmy- 
elinated. All types of fibers may run up or 
down in the trunk for the distance between 
two or many segments. The cords interven- 
ing between the ganglia are usually single 
except in the lower cervical region, but dou- 
bling is frequent in any part of the trunk al- 
though it rarely extends farther than be- 
tween two adjacent ganglia. Numerous smal] 
collections of ganglion cells occur outside of 
the major ganglia; these may be microscopic 
in size or grossly visible. They are called in- 
termediary ganglia, and are found in the 
roots or branches of the trunk and even in 
the spinal nerves close to these communicat- 
ing rami (Kuntz and Alexander, 1950). 

GANGLIA. The central or chain ganglia of 
the sympathetic trunk are rounded, fusiform 
or irregular in shape, with diameters usually 
ranging from 1 to 10 mm, but neighboring 
ganglia may fuse into larger masses and the 
superior cervical ganglion is always larger. 
They contain multipolar neurons whose 
processes are the postganglionic fibers. 

The roots of the ganglia of the sympathetic 
trunk are commonly called the white rami 
communicantes (rami communicantes albi) 
because of the whitish color imparted to 
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Fig. 12-72. The right sympathetic chain and its connections with the thoracic, abdominal, and pelvic plexuses. (After 
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them by the preponderance of myelinated 
fibers they contain. These myelinated fibers 
are mainly the small (1 to 3 pm in diameter) 
preganglionic axons of the thoracolumbar 
outflow, whose cell bodies are in the lateral 


column of gray matter in the spinal cord. 
They emerge from the spinal cord with the 
somatic motor fibers in the ventral roots of 
the spinal nerves of the thoracic and the first 
and second lumbar segments. Many of the 


preganglionic fibers in each root fail to make 
synaptic connections in the ganglia at the 
level of entrance; some travel cranialward to 
the cervical ganglia, some caudalward to the 
lumbar and sacral ganglia, and many in the 
lower thoracic and upper lumbar levels pass 
out of the trunk and reach the celiac and re- 
lated collateral ganglia through the splanch- 
nic nerves. One preganglionic fiber may give 
collaterals to several of the chain ganglia 
and may terminate on as many as 15 to 20 
ganglionic neurons. 


The roots of the ganglia or white rami communi- 
cantes are to be distinguished from the branches to 
the spinal nerves or gray rami Communicantes with 
which they are closely related. The white rami leave 
the anterior primary divisions of the spinal nerves 
close outside of the intervertebral foramina, but are 
regularly more distal than the gray rami. They con- 
tain medium and large myelinated fibers, probably 
afferents, and some unmyelinated fibers in addition 
to the small myelinated preganglionic fibers. In the 
lower thoracic and upper lumbar regions the white 
rami take an oblique course from the nerve of one 
segment to the ganglion of the segment below and 
have been called, therefore, the oblique rami, as 
opposed to the transverse gray rami. They are more 
likely to be attached to the intervening cords than 
the gray rami. The white rami, varying from 0.5 to 
2 cm, are longer in the lower thoracic and lumbar 
region, where they are also usually double or triple. 
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VISCERAL NERVOUS PEN 


The sympathetic trunk has branches of 
distribution, containing the postganglionic 
fibers that originate in the ganglia, and 
branches of communication, containing pre- 
ganglionic fibers that pass through the trunk 
without synapses on their way to the collat- 
eral ganglia in the abdomen. 

BRANCHES OF DISTRIBUTION. The branches 
of distribution are of several types: (1) 
branches to the spinal nerves, (2) branches to 
the cranial nerves, (3) branches accompany- 
ing arteries, (4) separate branches to individ- 
ual organs, and (5) branches to the great au- 
tonomic plexuses. 

1. The branches to the spinal nerves are 
commonly called the gray rami communi- 
cantes (Fig. 12-73) because the preponder- 
ance of unmyelinated fibers gives them a 
more grayish cast than the roots or white 
rami, which are adjacent to them in the tho- 
racic area. These branches contribute post- 
ganglionic fibers, most of which accompany 
the cutaneous branches of the spinal nerves 
to supply the arrectores pilorum muscles, 
the sweat glands, and the vasoconstrictor 
fibers of the peripheral blood vessels. 


Gray rami join all the spinal nerves, while the 
white rami arise only from the thoracic and first two 
lumbar segments. The gray ramus usually leaves the 
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Fic. 12-73. Schema showing structure of a typical spinal nerve. Afferent, blue; efferent, red. 
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trunk at a ganglion near the same level as the spinal 
nerve, and in the thoracic and lumbar regions, 
where there are both gray and white rami, it is regu- 
larly proximal to the white. 


Branches to the cranial nerves may go di- 
rectly to the nerves or they may pass through 
plexuses on blood vessels. Direct communi- 
cations are encountered to the superior and 
inferior ganglia of the vagus, the inferior 
ganglion of the glossopharyngeal, and the 
hypoglossal nerves. 

Branches accompanying the arteries are 
too numerous to list here, but are given with 
the detailed descriptions of the different 
parts of the system in later pages. Prominent 
examples are the nerves on the internal and 
external carotid arteries and their branches. 

Branches to individual organs may take an 
independent course but they commonly pass 
through plexuses (for example, the cardiac 
branches), or accompany blood vessels for 
some distance (for example, those to the 
bulb of the eye). 

Branches to the cardiac, pulmonary, and 
pelvic plexuses probably contain postgan- 
glionic fibers, but most of the branches from 
the trunk to the abdominal plexuses proba- 
bly contain preganglionic fibers. 

BRANCHES OF COMMUNICATION. ‘The prin- 
cipal branches of communication containing 
preganglionic fibers are the splanchnic nerves. 
They branch from the ganglia or the trunk of 
the thoracic and lumbar regions and supply 
the fibers that are the roots to the celiac, aor- 
ticorenal, and mesenteric ganglia. The post- 
ganglionic fibers from these ganglia supply 
the various abdominal and pelvic organs. 


DIVISIONS OF THE SYMPATHETIC SYSTEM 


The sympathetic nervous system is di- 
vided into portions according to topographic 
position as follows: (1) cephalic, (2) cervical, 
(3) thoracic, (4) abdominal or lumbar, and (5) 
pelvic. These parts are not independent and 
are chosen merely for convenience in de- 
scription. In addition to these portions, con- 
cerned primarily with the sympathetic 
trunk and ganglia, there are autonomic 
plexuses, which are described separately. 


Cephalic Portion of the Sympathetic System 


The cephalic portion of the sympathetic 
system contains no part of the ganglionated 
cord, but is formed largely by a direct ce- 


phalic prolongation from the superior cervi- 
cal ganglion, named the internal carotid 
nerve. In addition, there are nerves accom- 
panying the vertebral artery and the various 
branches of the external carotid artery 
that supply fibers to many structures in the 
head, such as the pilomotor muscles, sweat 
glands, and peripheral arteries of the face, 
and the salivary and other glands. 

INTERNAL CAROTID NERVE. ‘The internal 
carotid nerve (Fig. 12-23), arising from the 
cephalic end of the superior cervical gan- 
glion, accompanies the internal carotid ar- 
tery, and after entering the carotid canal in 
the petrous portion of the temporal bone, 
divides into two branches that lie against the 
medial and lateral aspects of the artery. The 
lateral branch, the larger of the two, distrib- 
utes filaments to the carotid artery and forms 
the internal carotid plexus. The medial 
branch also distributes filaments to the ar- 
tery, and following the artery to the cavern- 
ous sinus, forms the cavernous plexus. 

Internal Carotid Plexus. ‘The internal ca- 
rotid plexus (carotid plexus) (Fig. 12-21) is 
the continuation of the lateral branch of the 
internal carotid nerve. It surrounds the lat- 
eral aspect of the artery, occasionally con- 
taining a small carotid ganglion. In addition 
to filaments to the artery, it has the following 
branches: 

A communication with the trigeminal 
nerve joins the latter at the trigeminal gan- 
glion. 

A communication joins the abducent 
nerve as it lies near the lateral aspect of the 
internal carotid artery. 

The deep petrosal nerve (Fig. 12-9) leaves 
the plexus at the lateral side of the artery, 
passes through the cartilage of the auditory 
tube which fills the foramen lacerum, and 
joins the greater petrosal nerve to form the 
nerve of the pterygoid canal (Vidian nerve). 
In the pterygopalatine fossa, the Vidian 
nerve joins the pterygopalatine ganglion, 
and its contribution through the deep petro- 
sal nerve has been called the sympathetic 
root of the ganglion. However the sympa- 
thetic fibers, already postganglionic, pass 
through or beside the ganglion without syn- 
apses and are distributed to the glands and 
blood vessels of the pharynx, nasal cavity, 
and palate by accompanying the branches of 
the maxillary nerve (Fig. 12-16). 

The caroticotympanic nerves are two or 
three filaments that pass through foramina 
in the bony wall of the carotid canal and join 


the tympanic plexus on the promontory of 
the middle ear. 

Cavernous Plexus. The cavernous plexus 
(Fig, 12-12) is the continuation of the medial 
branch of the internal carotid nerve. It lies 
inferior and medial to the part of the internal 
carotid artery enclosed by the cavernous 
sinus. It communicates with the adjacent 
cranial nerves and continues along the ar- 
tery to its terminal branches. 

The communication with the oculomotor 
nerve enters the orbit and joins the nerve at 
its point of division. 

A communication joins the _ trochlear 
nerve as it lies in the lateral wall of the cav- 
ernous sinus. 

The communication with the ophthalmic 
division of the trigeminal joins the latter 
nerve at its inferior surface. 

Fibers to the dilator pupillae muscle of the 
iris traverse the communication with the 
ophthalmic nerve and accompany the naso- 
ciliary nerve and the long ciliary nerves to 
the posterior part of the bulb, where they 
penetrate the sclera and run forward to the 
iris (for diagram, see Fig. 12-4). 

The communication with the ciliary gan- 
glion leaves the anterior part of the cavern- 
ous plexus and enters the orbit through the 
superior orbital fissure. It may join the 
nasociliary nerve and reach the ganglion 
through the latter’s branch to the ganglion, 
or it may take an independent course to the 
ganglion. 

Filaments to the hypophysis accompany 
its blood vessels. 

The terminal filaments from the internal 
carotid and cavernous plexuses continue 
along the anterior and middle cerebral ar- 
teries and the ophthalmic artery. Fibers on 
the cerebral arteries may be traced to the pia 
mater; those on the ophthalmic artery ac- 
company all its branches in the orbit. The 
filaments on the anterior communicating ar- 
tery may connect the sympathetic nerves of 
the right and left sides. 

External Carotid Nerves. The external 
carotid nerves send filaments out along all 
the branches of the external carotid artery. 
The filaments on the facial artery join the 
submandibular ganglion; they have formerly 
been called the sympathetic root of the gan- 
glion, but they pass through it without form- 
ing synapses and supply the submandibular 
and probably the sublingual glands (for dia- 
gram, see Fig. 12-17). The network of fila- 
ments on the middle meningeal artery gives 
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off the small deep petrosal nerve, which has 
been called the sympathetic root of the otic 
ganglion, but its fibers pass through the gan- 
glion without synapses, some accompanying 
the auriculotemporal nerve to the parotid 
gland (for diagram, see Fig. 12-19), others 
forming the external superficial petrosal 
nerve which is a communication with the 
geniculate ganglion. Filaments on the facial, 
superficial temporal, and other arteries that 
are distributed to the skin supply the arrec- 
tores pilorum muscles and sweat glands, as 
well as the muscles constricting the arteries 
themselves. 


Cervical Portion of the Sympathetic System 


The cervical portion of the sympathetic 
trunk consists of three ganglia—superior, 
middle, and inferior—connected by inter- 
vening cords (Fig. 12-74). It is ventral to the 
transverse processes of the vertebrae, close 
to the carotid artery, being embedded in the 
fascia of the carotid sheath itself or in the 
connective tissue between the sheath and 
the longus colli and capitis muscles. It re- 
ceives no roots or white rami communicantes 
from the cervical spinal nerves; its pregan- 
glionic fibers enter the trunk through the 
white rami from the upper five thoracic spi- 
nal nerves, mainly the second and third, and 
travel cranialward in the trunk to the three 
ganglia. The trunk also contains postgangli- 
onic fibers from various sources and visceral 
afferent fibers with their cell bodies in the 
dorsal root ganglia. 

SUPERIOR CERVICAL GANGLION. The supe- 
rior cervical ganglion (Fig. 12-22), much 
larger than the other cervical ganglia and 
usually the largest of all the trunk ganglia, is 
approximately 28 mm long and 8 mm wide, 
fusiform in shape, frequently broad and flat, 
and occasionally constricted into two or 
more parts. It is embedded in the connective 
tissue between the carotid sheath and the 
prevertebral fascia over the longus capitis, at 
the level of the second cervical vertebra. It is 
the cephalic end of the sympathetic chain 
and is connected with the middle ganglion 
caudally by a rather long interganglionic 
cord. It is believed to be formed by the coa- 
lescence of sympathetic primordia from the 
cranial four cervical segments of the body. 
Its branches follow. 

Internal and External Carotid Nerves. The 
internal and external carotid nerves (de- 
scribed previously) leave the cephalic pole 
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FiG 12 74 Cervical portion of the sympathetic nervous system on the right side, with the common carotid artery and 
internal jugular vein removed and with the vagus nerve and thyroid gland drawn aside. (Redrawn from Téndury.) 


of the ganglion, and serve as direct continua- 
tions of the sympathetic trunk into the head. 

Cranial Nerves. Communications with the 
cranial nerves are delicate filaments that 
join (a) the inferior ganglion of the glosso- 
pharyngeal nerve, (b) the superior and infe- 
rior ganglia of the vagus, and (c) the hypo- 
glossal nerve. The jugular nerve is a filament 
that passes cranialward to the base of the 
skull and divides to join the inferior gan- 
glion of the glossopharyngeal and the supe- 
rior ganglion of the vagus nerve. 

Cervical Nerves. Branches to the upper 
two to four cervical spinal nerves are the 
gray rami COmmunicantes of these nerves. 
They course lateralward and dorsalward, 


and have been called the lateral or external 
branches of the ganglion. The branches to 
any one nerve are variable and may be mul- 
tiple or absent. 


Variations. The branches to the first and sec- 
ond nerves are constantly present. Since the spinal 
nerves in the neck are connected by loops, as parts 
of the cervical plexus, the branch to the first nerve 
may join the loop between the first and second 
nerves, and the branch to the second may join the 
loop between the second and third nerves. There 
may be two to four branches to each of these nerves. 

The third cervical nerve receives a_ branch 
(ramus) from the ganglion in the majority of individ- 
uals, but in many instances it comes from the trunk 
below the superior ganglion. A branch for the third 


nerve often forms a loop with a lower branch, which 
then supplies roots to both the third and fourth 
nerves. Branches may join the third nerve itself or 
the loop between it and the fourth nerve. 

The fourth nerve receives a branch from the gan- 
glion only occasionally. Its rami frequently arise in 
common with those of either the third, fifth, or even 
the sixth nerves, and may come from the trunk or 
from nerves accompanying the vertebral artery. 


Pharyngeal Branches. Pharyngeal branches, 
commonly four to six, leave the medial as- 
pect of the ganglion, and in their course to- 
ward the pharynx, communicate with pha- 
ryngeal branches of the glossopharyngeal 
and vagus nerves opposite the constrictor 
pharyngis medius to form the pharyngeal 
plexus. Some of the filaments form a plexus 
on the lateral wall of the pharynx, others 
travel in the substance of the prevertebral 
fascia to the dorsum of the pharynx and 
form a posterior pharyngeal plexus. Fila- 
ments communicate with the superior laryn- 
geal nerve. 

Intercarotid Plexus. The intercarotid plexus 
receives one or two branches, either from 
the ganglion or from the external carotid 
nerves. They communicate with filaments 
from the pharyngeal branch of the vagus and 
the carotid branch of the glossopharyngeal 
nerve in the region of the carotid bifurca- 
tion, and are distributed in the plexus to the 
carotid sinus and the carotid body, where 
they probably serve a vasomotor function. 

Superior Cardiac Nerve. The superior Car- 
diac nerve (Figs. 12-74; 12-75) arises by two 
or three filaments from the ganglion, and 
occasionally also by a filament from the 
trunk between the superior and middle gan- 
glia. It runs down the neck in the connective 
tissue of the posterior layers of the carotid 
sheath superficial to the longus colli, and 
crosses ventral or dorsal to the inferior thy- 
roid artery and recurrent nerve. The course 
of the nerves on the two sides then differs. 
The right nerve, at the root of the neck, 
passes either ventral or dorsal to the subcla- 
vian artery, and along the brachiocephalic 
artery to the deep part of the cardiac plexus. 
The left nerve passes ventral to the common 
carotid and across the left side of the arch of 
the aorta to reach the superficial part of the 
cardiac plexus. The superior cardiac nerves 
may communicate with the middle and infe- 
rior cardiac sympathetic nerves, with the 
cardiac branches of the vagus, the external 
branch of the superior laryngeal nerve, the 
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recurrent nerve, the thyroid branch of the 
middle ganglion, the nerves on the inferior 
thyroid artery, and the tracheal and anterior 
pulmonary plexuses. 

MIDDLE CERVICAL GANGLION. The middle 
cervical ganglion (Fig. 12-75), the smallest of 
the three cervical ganglia, varies in size, 
form, and position, and may be either absent 
or doubled. It probably represents a fusion 
of the two sympathetic primordia corre- 
sponding to the fifth and sixth cervical 
nerves. When single, the ganglion may have 
a high position, at the level of the transverse 
process of the sixth cervical vertebra (the ca- 
rotid or Chassaignac’s tubercle!), or a low 
position nearer the level of the seventh cer- 
vical vertebra. In the high position it lies on 
the longus colli above the cranial bend of the 
inferior thyroid artery. In the low position it 
lies in close association with the ventral or 
ventromedial aspect of the vertebral artery, 
1 to 3 cm from the latter’s origin. The middle 
cervical ganglion has no white ramus com- 
municans; its preganglionic fibers probably 
leave the spinal cord through the white rami 
of the second and third thoracic nerves and 
reach the ganglion through the intervening 
sympathetic trunk. 


Variations. The middle cervical ganglion was 
absent in 5, single in 10 and double in 10 of 25 
dissections (Pick and Sheehan, 1946). It was pres- 
ent in 53 and double in two of 100 body halves 
(Jamieson et a/., 1952), with 64% in the high posi- 
tion. A small ganglion in the low position may have 
no branches. Several small thickenings may occur 
along the trunk between the superior and inferior 
ganglia. The ganglion may be split, surrounding the 
inferior thyroid artery (Axford, 1928). 

The intermediate cervical sympathetic gan- 
glion (of Jonnesco, 1923) corresponds to a middle 
ganglion in the low position described above. Ac- 
cording to Saccomanno (1943), it appears more con- 
stantly than a middle ganglion in the high position. 
A ganglion in the low position has been called the 
thyroid ganglion because of its close relationship to 
the inferior thyroid artery (Jamieson et al., 1952). 
The vertebral ganglion is a name given to a gan- 
glion in the low position, on the deep part of the loop 
of the ansa subclavia, included as part of the stellate 
ganglionic configuration (Pick and Sheehan, 1946). 


Cervical Nerves. The branches (gray rami 
communicantes) are constantly supplied to 
the fifth and sixth nerves. A ganglion in the 
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Fic. 12-75. Cervical portion of the sympathetic system on the left side. with the common carotid artery, internal 
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high position may send branches to the 
fourth nerve. 

The gray rami of the fifth cervical nerve 
number from one to three. (1) The most con- 
stant arises from the middle ganglion or the 
trunk just above it, runs upward and later- 
ally across the scalenus anterior, winds 
around the carotid tubercle and along a 
groove in the transverse process of the fifth 
cervical vertebra to the fifth nerve. It may 
pierce the scalenus anterior and it may di- 
vide, one branch going to the sixth nerve, or 
it may be prolonged to give a branch to the 
fourth or even the third nerve (Axford, 1928). 
(2) A ramus present in the majority of indi- 
viduals leaves the trunk just above the ca- 


rotid tubercle, pierces the longus colli either 
medial or lateral to the vertebral artery, and 
receives a communication from the nerve of 
the vertebral artery. (3) An inconstant ramus 
is a branch of that of the sixth nerve which 
accompanies the vertebral artery. 

The rami of the sixth cervical nerve may 
be two to four in number, one from the mid- 
dle and one from the inferior ganglion being 
constant. (1) A short ramus from the middle 
ganglion runs cranialward through the lon- 
gus colli just above the carotid tubercle 
to join the sixth nerve as it lies in its groove, 
medial to the vertebral artery. (2) A long fine 
branch from the middle ganglion or the 
trunk just above it crosses the vertebral ar- 


tery and scalenus anterior and joins the 
nerve lateral to the carotid tubercle, some- 
times continuing on to the fifth nerve. 

Middle Cardiac Nerve. The middle car- 
diac nerve (great cardiac nerve) (Fig. 12-75), 
the largest of the three cardiac nerves in the 
neck, arises from the middle cervical gan- 
glion, from the trunk between the middle 
and inferior ganglia, or both. As it descends 
dorsal to the common carotid artery, it com- 
municates with the superior cardiac nerve 
and the inferior laryngeal nerve. On the right 
side, at the root of the neck, it goes either 
deep or superficial to the subclavian artery, 
continues along the trachea, communicates 
with the recurrent nerve, and joins the right 
side of the deep part of the cardiac plexus. 
The left nerve enters the thorax between the 
common carotid and subclavian arteries and 
joins the left side of the deep part of the car- 
diac plexus. 

Thyroid Nerves. Branches from the mid- 
dle cervical ganglion form a plexus on the 
inferior thyroid artery, supply the thyroid 
gland, join the plexus on the common ca- 
rotid artery, and may communicate with the 
inferior laryngeal and external branch of the 
superior laryngeal nerves (Braeucker, 1922). 

The trunk between the middle and infe- 
rior cervical ganglia is constantly double, 
the two strands enclosing the subclavian ar- 
tery. The superficial strand is usually much 
longer than the deep strand and forms a loop 
about the artery, supplying it with branches; 
it is called the ansa subclavia (of Vieusens') 
(Fig. 12-75). Since it is a rather constant fea- 
ture, it may be used to identify and distin- 
guish the middle and inferior ganglia or the 
components representing them. Occasion- 
ally the loop is formed about the vertebral 
artery instead of the subclavian, or there 
may be individual loops about both. 

INFERIOR CERVICAL GANGLION. The inferior 
cervical ganglion (Fig. 12-75) is situated be- 
tween the base of the transverse process of 
the seventh cervical vertebra and the neck of 
the first rib, on the medial side of the 
costocervical artery. In most instances it is 
incompletely separated from or fused with 
the first thoracic ganglion, but it will be de- 
scribed as it appears when discrete, and the 
fused ganglion, called the stellate, also will 
be described below. It is larger than the mid- 
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dle ganglion, has an irregular shape, and 
probably represents the fusion of sympa- 
thetic primordia corresponding to the sev- 
enth and eighth cervical nerves. It has no 
white ramus, but receives its preganglionic 
fibers from the thoracic part of the trunk 
through its connection with the first thoracic 
ganglion. 


Variations. The inferior cervical ganglion was 
independent in 5 out of 25 cases (Pick and 
Sheehan, 1946) and in 18 out of 100 cases (Jamie- 
son et al., 1952). A white ramus has been described 
joining the eighth cervical nerve and the sympa- 
thetic (Pearson, 1952). 


Cervical Nerves. Branches (gray rami 
communicantes) are constantly supplied to 
the sixth, seventh, and eighth cervical 
nerves. 


The sixth cervical nerve commonly receives 
branches from the inferior cervical ganglion as well 
as from the middle cervical ganglion. (1) A constant, 
rather thick ramus from the deep part of the inferior 
cervical ganglion runs cranialward along the medial 
aspect of the vertebral artery, ventral to the vertebral 
veins and lateral to the longus colli, and enters the 
foramen in the transverse process of the sixth cervi- 
cal vertebra with the vertebral artery. It communi- 
cates with the plexus on the vertebral artery and sup- 
plies rami for the sixth and seventh, sometimes the 
fifth or even more cephalic nerves. (2) An inconstant 
ramus from the inferior ganglion is similar to the 
last, but pierces the scalenus anterior instead of 
passing through the foramen (Axford, 1928). 

The seventh cervical nerve receives two to five 
branches (gray rami) from the inferior cervical gan- 
glion. (1) A constant, well-defined branch 15 to 
25 mm long crosses ventral to the eighth cervical 
nerve, either deep to, superficial to, or piercing the 
scalenus anterior. It may be composed of two or 
three parallel filaments. (2) A constant branch ac- 
companies the vertebral artery and is shared by the 
sixth nerve. (3) A frequent branch lies close to the 
vertebral vein, crosses the eighth cervical nerve, to 
which it may give filaments, and enters the foramen 
in the seventh cervical vertebra with the vein 
(Axford, 1928). 

The eighth cervical nerve receives two to five 
rather short branches (averaging 10 mm in length) 
from the inferior cervical ganglion. (1) A constant, 
well-defined, thick branch runs cranialward and 
lateralward, often across the neck of the first rib, and 
joins the eighth cervical nerve deep to the scalenus 
anterior. It is dorsal to the first part of the subclavian 
artery and is intimately related to the superior inter- 
costal artery. It may be represented by two to four 
parallel filaments. (2) A constant short thick branch 
from the upper pole of the inferior ganglion runs 
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vertically cranialward, medial and dorsal to the ver- 
tebral artery, a few millimeters lateral to the longus 
colli. It passes ventral to the transverse process of 
the first thoracic vertebra and medial to the first 
costocentral articulation, and joins the eighth cervi- 
cal nerve as it emerges from its foramen. (3) A fre- 
quent ramus accompanies the vertebral vein with a 
similar branch to the seventh nerve. 


Inferior Cardiac Nerve. The inferior car- 
diac nerve (Fig. 12-75) arises from either the 
inferior cervical ganglion, the first thoracic 
ganglion, the stellate ganglion, or the ansa 
subclavia. It passes deep to the subclavian 
artery and along the anterior surface of the 
trachea to the deep cardiac plexus. It com- 
municates with the middle cardiac nerve 
and the recurrent laryngeal nerve, and sup- 
plies twigs to various cervical structures 
(Saccomanno, 1943). 

Vertebral Nerve. The branches that ac- 
company the vertebral artery through the 
vertebral foramina are large. They join simi- 
lar branches from the first thoracic ganglion 
to form the vertebral nerve, which continues 
into the cranial cavity on the basilar, poste- 
rior cerebral, and cerebellar arteries. Com- 
munications between the vertebral nerve 
and the cervical spinal nerves frequently 
serve as rami of these nerves (Christensen et 
al., 1952). 


Junction of Cervical and Thoracic Portions 


The junction of the cervical with the tho- 
racic portion of the sympathetic trunk re- 
quires special consideration, first, because 
the lowest cervical and highest thoracic gan- 
glia are usually fused, and second, because 
the trunk makes an abrupt change of direc- 
tion at this point. The cervical portion of the 
trunk lies upon the ventral aspect of the 
transverse processes, but is also in a plane 
ventral to the vertebral bodies because of 
the latter’s small size and the presence of the 
longus colli muscle. The trunk drops back 
dorsalward as it enters the thorax, winding 
around the transverse process of the seventh 
cervical vertebra to reach the neck of the 
first rib. 

STELLATE GANGLION. The Stellate ganglion 
(cervicothoracic ganglion) (Fig. 12-75) is the 
name given to the ganglionic mass that re- 
sults when, as is usually the case, the inferior 
cervical and first thoracic ganglia are fused. 
[t varies in size and form, occasionally in- 
cluding the middle cervical or the second 


thoracic ganglia, and is located between the 
eighth cervical and first thoracic nerves. Its 
branches and communications are modifica- 
tions of those that would be found if the 
component ganglia remained separate. The 
white ramus communicans, therefore, comes 
from the first thoracic nerve, or from the sec- 
ond also, if the mass includes the second 
ganglion. 

The branches of the stellate ganglion that 
supply the gray rami to the spinal nerves 
include: a frequent branch to the sixth nerve, 
a constant branch to the seventh nerve, and 
constant double or multiple branches to the 
eighth cervical, first thoracic, and second 
thoracic nerves. The large branch to the ver- 
tebral artery leaves the superior border of 
the ganglion and forms the major portion of 
the vertebral nerve. Other branches are simi- 
lar to those described for the independent 
ganglia (Kirgis and Kuntz, 1942). 


Variations. \n 25 bodies, the inferior cervical 
ganglion was independent in 5, fused with the first 
thoracic in 17, and fused with both the first and 
second thoracic in 3 (Pick and Sheehan, 1946). A 
stellate ganglion was present in 82 of 100 bodies 
(Jamieson et al., 1952). When the second thoracic 
is fused with the first, the inferior cervical is more 
likely to be independent. 


Surgical Considerations. The branches (gray 
rami) from the stellate ganglion to the eighth cervical 
and first thoracic nerves carry the bulk of the sympa- 
thetic fibers to the upper limb (Kirgis and Kuntz, 
1942). Other branches also carry fibers, however, 
and Woollard and Norish (1933) recommend that 
the middle cervical and second thoracic ganglia be 
included in the ‘‘stellate complex,’’ and that the de- 
scription of the independent ganglia be abandoned. 
The sympathetic rami of the brachial plexus are de- 
scribed in more detail in the discussion of the brach- 
ial plexus. 


Comparative Anatomic Considerations. 
The stellate ganglion in cats includes the inferior cer- 
vical and first three thoracic ganglia (Saccomanno, 
1943) and in rhesus monkeys the inferior cervical 
and first two thoracic ganglia (Sheehan and Pick, 
1943). The function of the stellate ganglion in con- 
trol of the heart, as it is revealed by animal experi- 
mentation with dogs, cats, and monkeys, does not 
agree entirely with that revealed by clinical observa- 
tions. A partial explanation for this is provided by the 
fact that more thoracic ganglia are included in the 
stellate complex and a much greater bulk of the ac- 
celerator nerve arises from the ganglion in these ani- 
mals than in man. 


Thoracic Portion of the Sympathetic System 


The thoracic portion of the sympathetic 
trunk (Figs. 12-76; 12-77) contains a series of 
ganglia that correspond approximately to 
the thoracic spinal nerves, but the coales- 
cence of adjacent ganglia commonly reduces 
the number to fewer than 12. The ganglia are 
oval, fusiform, triangular, or irregular in 
shape. They lie against the necks of the ribs 
in the upper thorax, gradually become more 
ventrally placed in the lower thorax, and 
finally lie at the sides of the bodies of the 
lowest thoracic vertebrae. The trunk is cov- 
ered by the costal portion of the parietal 
pleura, and the interganglionic cords are 
between the pleura and the intercostal ves- 
sels, which they cross. 
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The roots of the ganglia are the white rami 
communicantes supplied by each spinal 
nerve to the corresponding ganglion or the 
trunk nearby. They contain predominantly 
small myelinated fibers (1 to 3 wm in diame- 
ter), which leave the spinal cord through the 
ventral roots of the spinal nerves; the cell 
bodies are in the lateral column of gray mat- 
ter in the spinal cord. Many of the pregangli- 
onic fibers fail to make synapses in their 
ganglia of entrance. From the upper five 
roots, these fibers take a cranial direction in 
the trunk, and for the most part, terminate in 
the cervical ganglia. Many of the fibers in the 
caudal six or seven rami traverse the trunk 
for a variable distance and then emerge into 
the splanchnic nerves, which are the roots of 
the celiac and related ganglia. 
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Fic. 12-76. The mediastinum from the right side. (Redrawn from Tondury.) 
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Fic. 12-77. The mediastinum from the left side. (Redrawn from Téndury.) 


FIRST THORACIC GANGLION. The first tho- (as discussed previously), or it may coalesce 
racic ganglion, when independent, is larger — with the second thoracic ganglion. The sec- 
than the rest. It has an elongated or crescen- ond to the tenth ganglia lie opposite the in- 


tic shape. Because of the change in direction — tervertebral disc or the cranial border of the 
of the trunk as it passes from the neck into next more caudal vertebra, slightly lower 
the thorax, the ganglion is elongated dorso- _ than the corresponding spinal nerve. In most 
ventrally. It lies at the medial end of the first individuals, the last thoracic ganglion, lying 
intercostal space or ventral tothe neck ofthe — on the body of the twelfth vertebra, is larger. 
first rib, medial to the costocervical arterial and by its connection to both the eleventh 
trunk. It is usually combined with the infe- and twelfth nerves, takes the place of these 
rior cervical ganglion into a stellate ganglion two ganglia. 


Variations. The first thoracic ganglion was inde- 
pendent of the stellate in 5 instances, and the sec- 
ond thoracic was independent in 22 out of 25 in- 
stances. Fusion occurred between the third and 
fourth three times; fourth and fifth five times; fifth 
and sixth once; sixth and seventh once; seventh and 
eighth four times; eighth and ninth twice; ninth 
and tenth twice (Pick and Sheehan, 1946). Small 
accessory ganglia occur at or near the junction of the 
communicating rami with the thoracic nerves, espe- 
cially the upper four. Those at the white rami may 
provide sympathetic pathways to spinal nerves with- 
Out traversing the sympathetic trunk (Ehrlich and 
Alexander, 1951). 


The branches of the thoracic trunk are of 
three varieties: gray rami communicantes, vis- 
ceral branches, and the splanchnic nerves. 

GRAY RAMI COMMUNICANTES. The branches 
that form the gray rami Communicantes are 
supplied to each spinal nerve. Usually two 
or three short branches are sent to each cor- 
responding spinal nerve, and occasionally a 
slender branch reaches the next more caudal 
ganglion. When there are two or more 
branches to a single nerve, one branch may 
go to the anterior and one to the posterior 
primary division of the nerve. When the 
branches go only to the anterior primary 
division, the fibers turn back within the 
nerve to reach the posterior division (Dass, 
1952). The gray rami are regularly proximal 
and transverse; the white rami, distal and 
oblique. 

VISCERAL BRANCHES. Visceral branches 
are supplied to the cardiac, pulmonary, 
esophageal, and aortic plexuses. 

Cardiac Plexus. Branches to the cardiac 
plexus from the first five thoracic ganglia 
vary in number both in different individuals 
and between the two sides in the same indi- 
vidual; there may be 15 or 20 in some Cases. 
Larger ones usually come from ganglia; 
smaller ones, from intervening cords. They 
course medially close to the intercostal ar- 
tery and vein, usually between the vessels 
and in the same connective tissue sheath, 
supplying filaments to them and communi- 
cating with the esophageal and pulmonary 
plexuses. From the right side they approach 
the deep part of the plexus, between the 
esophagus and the lateral aspect of the aorta. 
From the left side, they pass dorsal to the 
aorta and approach the deep part of the 
plexus from the right (Kuntz and More- 
house, 1930). Branches from the _ third, 
fourth, and fifth ganglia are more abundant 
than those from the first two; branches may 
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come from the sixth and seventh ganglia, but 
these usually enter the aortic network. The 
cross-sectional area of the thoracic cardiac 
nerves, as they enter the plexus, is twice as 
large as that of the cervical cardiac nerves 
(Saccomanno, 1943). 

Esophageal Branches. Delicate esopha- 
geal branches from several of the thoracic 
ganglia, both upper and lower, may follow 
the intercostal vessels to the esophagus and 
join the plexus formed by the vagus, or fila- 
ments may be supplied by the cardiac and 
aortic plexuses, or by the splanchnic nerves. 

Posterior Pulmonary Plexus. ‘The poste- 
rior pulmonary plexus receives twigs from 
the second, third, and fourth ganglia that fol- 
low the intercostal arteries to the hilum of 
the lung. 

Aortic Network. Branches to the aortic 
network come from the last five or six tho- 
racic ganglia, from the cardiac plexus, and 
from the splanchnic nerves. Branches from 
these bundles accompany the branches of 
the artery, and probably supplement the 
splanchnic nerves. 

SPLANCHNIC NERVES. The splanchnic 
nerves arise from the caudal six or seven 
thoracic and first lumbar ganglia. They are 
not, strictly speaking, true branches of the 
ganglia, since they contain only a small 
number of postganglionic fibers. They are 
composed principally of myelinated fibers, 
and accordingly have a whitish color and 
firm consistency similar to those of the so- 
matic nerves. The small myelinated fibers (1 
to 3 um in diameter), which predominate, are 
the preganglionic fibers that pass through 
the chain ganglia without synapses to be- 
come the roots of the celiac and related gan- 
glia. Also present are large myelinated fi- 
bers, which are probably visceral afferents 
with their cell bodies in the dorsal root gan- 
glia of the spinal nerves. Many of the fibers 
of all types probably come from spinal cord 
segments higher than the ganglia from which 
the branches arise. 

Greater Splanchnic Nerve. ‘The greater 
splanchnic nerve (Figs. 12-76; 12-77) is 
formed by contributions from the fifth (or 
sixth) to the ninth (or tenth) thoracic ganglia, 
which leave the ganglia in a medial direction 
and angle across the vertebral bodies ob- 
liquely in their caudalward course. They 
are combined into a single nerve that pierces 
the crus of the diaphragm and, after making 
an abrupt bend or loop ventralward, ends in 
the celiac ganglion by entering the lateral 
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border of its principal mass (Fig. 12-78). A 
small splanchnie ganglion occurs commonly 
in the nerve at the level of the eleventh or 
twelfth thoracic vertebra; it is considered 
part of the celiac ganglion formed by cells 
that failed to migrate as far as the large gan- 
gelion during embryonic development. Pre- 
ganglionic fibers to the suprarenal glands are 
conveyed by the splanchnic nerves and pass 
through the celiac plexus without synapses 
in the ganglion. 

Lesser Splanchnic Nerve. The _ lesser 
splanchnic nerve (Fig. 12-77) is formed by 
branches of the ninth and tenth thoracic 
ganglia or from the cord between them. It 
pierces the crus of the diaphragm with the 
greater splanchnic nerve and ends in the 
aorticorenal ganglion. 

Lowest Splanchnic Nerve. The lowest 
splanchnic nerve (least splanchnic nerve), 
when present, is a branch of the last thoracic 
ganglion or of the lesser splanchnic nerve. It 
passes through the diaphragm with the sym- 
pathetic trunk and ends in the renal plexus. 


Variations. The uppermost branch to the 
splanchnics tn 25 dissections was the fourth gan- 
glion once; fifth, twice; sixth, eleven times; seventh, 
seven times; eighth, four times (Pick and Sheehan, 
1946). Filaments from the upper thoracic and stel- 
late ganglia, from the cardiac nerves, or from the 
branches to the pulmonary and aortic plexuses 
sometimes continue downward to join the celiac 
plexus and have been considered a_ fourth 
splanchnic nerve. Lumbar splanchnic nerves are 
described below. 


Abdominal Portion of the Sympathetic System 


The abdominal portion of the sympathetic 
trunk (Fig. 12-79) is situated ventral to the 
bodies of the lumbar vertebrae, along the 
medial margin of the psoas major. The cord 
connecting the last thoracic and first lumbar 
ganglia bends ventrally as it passes under 
the medial lumbocostal arch of the dia- 
phragm, bringing the trunk rather abruptly 
into its ventral relationship with the lumbar 
vertebrae. The left trunk is partly concealed 
by the aorta; the right, by the inferior vena 
cava. 

LUMBAR GANGLIA. The lumbar ganglia 
have no fixed pattern. The number varies 
from two to six, with four or five occurring 
in three-fourths of the trunks, but massive 
fusions are frequent and two specimens with 
four ganglia may bear no resemblance to 


each other. Although the five individual 
lumbar ganglia should not be expected in 
any particular instance, each one occurs 
with sufficient frequency to make an ana- 
tomic description possible. The numbering 
of the ganglia is based upon the spinal 
nerves with which they are connected as 
well as upon the relationship to the verte- 
brae (Pick and Sheehan, 1946). 

The roots of the lumbar ganglia (white 
rami communicantes) are found only as far 
as the second lumbar spinal nerve, the cau- 
dal limit of the thoracolumbar outflow. The 
preganglionic fibers for the rest of the lum- 
bar and for the sacral and coccygeal ganglia 
run caudally in the trunk, mainly from these 
first two lumbar roots. One or two roots 
(white rami) are supplied to each of the first 
three lumbar ganglia (or their representa- 
tives in fused ganglia) by the spinal nerve 
one segment above; the roots take an oblique 
course caudalward while the branches to the 
spinal nerves (gray rami) take a transverse 
course (Botar, 1932). Thus the twelfth tho- 
racic nerve sends roots to the first lumbar 
ganglion; the first lumbar nerve, to the sec- 
ond ganglion; and the second lumbar nerve, 
to the third ganglion. 

The ganglia of the lumbar trunk, when 
independently represented, lie on the bodies 
of the corresponding vertebrae or the inter- 
vertebral discs caudally. The first ganglion is 
close to or partly concealed by the medial 
lumbocostal arch. The ganglion on the sec- 
ond lumbar vertebra is the most constant, 
largest, and most easily palpated and identi- 
fied by the surgeon. The fifth ganglion is rel- 
atively inaccessible to the surgeon because 
of the common iliac vessels. 


Variations. \n 25 bodies, the first lumbar gan- 
glion (identified by its rami) was independent in 13, 
fused with other ganglia in 10, and separated into 
two parts in 2; the second ganglion was missing in 
2, independent in 12, fused in 7, and split in 4; the 
third ganglion was independent in 2, fused in 1/7, 
split in 4, and connected only with L 3 nerve in 3; 
the fourth ganglion was independent in one, fused 
in 12, splitin 12, and of these 11 connected with L 
4 only; the fifth ganglion was independent in 4, 
fused in 3, split in 18, and of these 15 connected 
with L 5 only (Pick and Sheehan, 1946). 


The branches of the lumbar trunk may be 
divided into three groups: (1) the gray rami 
communicantes, (2) the lumbar splanchnic 
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Fic. 12-78. The lumbar portion of the right sympathetic trunk, the celiac ganglion, splanchnic nerves, suprarenal 


gland, and kidney. (Redrawn from Tondury.) 


nerves, and (3) the visceral branches through 
the celiac plexus. 

GRAY RAMI CommuNicanTesS. The branches 
that are the gray rami communicantes are 
supplied to each of the lumbar nerves. They 
take a transverse path, in contrast to the 
oblique path of the white rami, and they are 
more proximal than the white rami in the 
segments where both are present. They are 
longer than those in the thoracic region be- 
cause the lumbar trunk is more ventrally 


placed, at some distance from the spinal 
nerves, and they commonly accompany the 
lumbar arteries under the fibrous arches of 
the psoas, frequently splitting, doubling, and 
rejoining (Kuntz and Alexander, 1950). 
LUMBAR SPLANCHNIC NERVES. The lumbar 
splanchnic nerves are two to four relatively 
short branches of the lumbar trunk at the 
level of the first, second, and third lumbar 
vertebrae, and are, therefore, caudal to the 
last root of the lesser splanchnic nerve. They 
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Fic. 12-79. The lumbar portion of the left sympathetic trunk, celiac and mesenteric ganglia, splanchnic nerves. 


hypogastric plexus, suprarenal gland, and kidney. (Redrawn from Téndury.) 


pass either medialward, caudalward, and 
ventralward to join the aortic network, or, in 
the case of the most caudal lumbar splanch- 
nic, caudalward and ventralward around the 
aorta to the inferior mesenteric ganglion or 
the hypogastric nerve. On the right side they 
pass between the aorta and the inferior vena 
cava (Trumble, 1934). Frequently they con- 
tain small groups of ganglion cells that are 
believed to be displaced from the sympa- 
thetic trunk (Harris, 1943). 


CELIAC GANGLION. The celiac ganglion 
(semilunar ganglion) (Fig. 12-80) comprises 
two masses of ganglionic tissue approxi- 
mately 2cm in diameter, superficially re- 
sembling lymph nodes, which lie ventral 
and lateral to the abdominal aorta on each 
side at the level of the first lumbar vertebra. 
The ganglia are irregular in shape, are usu- 
ally partly dispersed into several small gan- 
glionic masses, and are connected with each 
other across the midline by a dense network 
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Fic. 12-80. View of the posterior abdominal wall, showing the celiac, aortic, and hypogastric plexuses of autonomic 


nerves. (Redrawn from Tondury.) 


of bundles, especially caudal to the celiac 
artery. The ganglia lie on the ventral surface 
of the crura of the diaphragm, close to the 
medial border of the suprarenal glands. The 
right ganglion is covered by the inferior vena 
cava; the left is covered by the peritoneum 
of the lesser sac in close relation to the pan- 
creas. 

AORTICORENAL AND SUPERIOR MESENTERIC 
GANGLIA. The aorticorenal and superior 
mesenteric ganglia are masses that are more 
or less completely detached from the caudal 
portion of the celiac ganglion but represent 
portions of the larger celiac ganglionic com- 
plex. The aorticorenal ganglion lies at the 
origin of the renal artery; the superior mes- 
enteric ganglion, at the origin of the corre- 
sponding artery. The roots of these ganglia 


are the splanchnic nerves (discussed previ- 
ously). Each greater splanchnic nerve enters 
the dorsal and lateral border of the main 
celiac ganglion (Fig. 12-80); the lesser 
splanchnic nerve enters the aorticorenal 
ganglion (Fig. 12-78), and the _ lowest 
splanchnic joins the renal plexus. They con- 
tain preganglionic fibers from the last six or 
seven thoracic spinal cord segments, which 
pass through the sympathetic trunk without 
synapses. 

The postganglionic fibers that arise in the 
celiac ganglia form an extensive plexus (the 
celiac plexus) of nerve bundles and fila- 
ments, which branch off into subsidiary 
plexuses, in general following the branches 
of the abdominal aorta. The nerves from the 
celiac plexus pass down the aorta in the 
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form of a network that is penetrated by the 
inferior mesenteric artery. The more cranial 
lumbar splanchnic nerves make a stout con- 
tribution to this network and join the caudal 
lumbar splanchnic nerves to form thick gan- 
glionated nerve bundles on each side of the 
midline. These bundles converge and meet 
at the bifurcation of the aorta, with a free 
decussation of fibers, and then continue as 
the right and left hypogastric nerves. Small 
ganglionic nodes are present, especially if 
the network is compressed (Trumble, 1934). 

INFERIOR MESENTERIC GANGLION. ‘The infe- 
rior mesenteric ganglion is more difficult to 
define in man than in many animals, but a 
considerable amount of ganglionic tissue is 
almost invariably present at the origin of the 
inferior mesenteric artery. The roots of the 
ganglion are provided by nerves from the 
celiac plexus, the celiac roots, and by the 
lumbar splanchnic nerves. 

The inferior mesenteric ganglion in cats 
(Harris, 1943) is composed of three distinct 
masses arranged in a triangle about the ori- 
gin of the inferior mesenteric artery. Ganglia 
are found in dogs, guinea pigs, rabbits, and 
monkeys also (Trumble, 1934). 

Branches. The branches of the inferior 
mesenteric ganglion are (a) nerves that ac- 
company the inferior mesenteric artery and 
its branches to supply the colon, and (b) fi- 
bers that join each hypogastric nerve and 
continue from the bifurcation to join the pel- 
vic plexus. The hypogastric nerve crosses 
the medial side of the ureter and contributes 
to the ureteric network of nerves. It contains 
mainly fine unmyelinated fibers but has 
many medium myelinated fibers (4 to 6 pm) 
and a few large ones, probably afferent. The 
hypogastric nerves fan out into an extensive 
network just under the parietal peritoneum 
in the subserous fascia. They supply the rec- 
tal, vesical, prostatic, ureteric, and ductus 
deferens nerves (Ashley and Anson, 1946). 


Pelvic Portion of the Sympathetic System 


The pelvic portion of the sympathetic 
trunk (Fig. 12-81) lies against the ventral sur- 
face of the sacrum, medial to the sacral fo- 
ramina. It is the direct continuation of the 
lumbar trunk and contains four or five gan- 
glia, smaller than those in other parts of the 
chain. Fusion of adjacent ganglia is common 
and cords connecting the trunks of the two 
sides across the midline occur regularly. 


There are no white rami communicantes in 
the sacral region; small myelinated pregan- 
glionic fibers from the second, third, and 
fourth sacral nerves enter the pelvic plexus 
but they belong to the parasympathetic or 
craniosacral outflow rather than the sympa- 
thetic. The coccygeal ganglion is the most 
caudal ganglion of the sympathetic trunk; it 
is commonly a single ganglion, the ganglion 
impar, representing a fusion of the ganglia of 
the two sides, and usually lies in the midline 
but may be at one side. 

The branches of the sacral and coccygeal 
ganglia which are the gray rami communi- 
cantes of the sacral spinal nerves are sup- 
plied to each of the sacral and the coccygeal 
nerves. In most instances, each ganglion, or 
its representative in a fused ganglion, sup- 
plies rami to two adjacent spinal nerves 
(Pick and Sheehan, 1946). 

Visceral branches in variable numbers 
join the hypogastric and pelvic plexuses, 
and are supplied through them to the pelvic 
viscera and blood vessels (Trumble, 1934). 


Great Autonomic Plexuses 


The two subdivisions of the autonomic 
nervous system, the sympathetic and para- 
sympathetic, are combined into extensive 
plexuses in the thorax, abdomen, and pelvis, 
named respectively the cardiac plexus, the 
celiac plexus, and the pelvic plexus. Experi- 
mental and clinical observations have made 
it possible to trace the sympathetic and para- 
sympathetic components to some extent, but 
on the morphologic evidence of dissections, 
it is almost impossible to distinguish the ulti- 
mate paths of the fibers belonging to the two 
systems. These plexuses also contain vis- 
ceral afferent fibers, described in earlier 


pages. 


CARDIAC PLEXUS 


The cardiac plexus (Fig. 7-19) is situated at 
the base of the heart, close to the arch of the 
aorta, and is traditionally subdivided into a 
superficial and a deep part for topographic 
reasons, although the functional associations 
do not justify this division. The sympathetic 
contribution is largely postganglionic; the 
parasympathetic, largely preganglionic, with 
scattered groups of ganglion cells. 

SUPERFICIAL PART. The superficial part of 
the cardiac plexus (Fig. 12-77) lies in the arch 
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FiG. 12-81. Sagittal section of an adult female pelvis, with the peritoneum and subserous fascia partially dissected 
away to show the pelvic plexus of autonomic nerves. (Redrawn from Téndury.) 


of the aorta somewhat on the left side be- 
tween it and the bifurcation of the pulmo- 
nary artery. It is formed by the superior cer- 
vical cardiac branch of the left sympathetic 
and the lower of the two superior cardiac 
branches of the left vagus. A small ganglion, 
the cardiac ganglion (of Wrisberg!), is occa- 
sionally found in this plexus at the right side 
of the ligamentum arteriosum; it is probably 
a parasympathetic ganglion receiving pre- 
ganglionic fibers from the vagus. 

The branches of the superficial cardiac 
plexus are as follows: (a) to the deep cardiac 
plexus, (b) to the anterior coronary plexus, 
and (c) to the left anterior pulmonary plexus. 

DEEP PART. The deep part of the cardiac 
plexus is situated deep to the arch of the 
aorta, between it and the bifurcation of the 
trachea and cranial to the pulmonary artery. 


‘Heinrich August Wrisberg (1739-1808): A German anat- 
omist (Gottingen) 


It is much more extensive than the superfi- 
cial part and receives all the cardiac branches 
of both vagi and sympathetic trunks, except 
the two mentioned previously which enter 
the superficial part (left superior sympa- 
thetic and left lower superior of the vagus). 
It also receives the lower cardiac branches 
of the vagus and the recurrent nerve, vis- 
ceral rami from the upper cranial thoracic 
sympathetic ganglia, and communications 
from the superficial part of the cardiac 
plexus. 

The branches of the deep part of the car- 
diac plexus may be divided into right and 
left halves. 

The right half of the deep cardiac plexus 
gives branches that follow the right pulmo- 
nary artery. Those ventral to the artery are 
more numerous, and after contributing a few 
filaments to the anterior pulmonary plexus, 
continue into the anterior coronary plexus; 
those dorsal to the artery distribute a few fil- 
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aments to the right atrium and are then con- 
tinued onward to form part of the posterior 
coronary plexus. 

The left half of the deep cardiac plexus 
communicates with the superficial plexus, 
gives filaments to the left atrium and to the 
anterior pulmonary plexus, and is then con- 
tinued into the greater part of the posterior 
coronary plexus. 

The posterior coronary plexus (left coro- 
nary plexus) is larger than the anterior, and 
accompanies the left coronary artery. It is 
formed chiefly by filaments from the left half 
and by a few filaments from the right half of 
the deep plexus. It is distributed to the left 
atrium and ventricle. 

The anterior coronary plexus (right cor- 
onary plexus) is formed partly from the 
superficial and partly from the deep parts 
of the cardiac plexus. It accompanies the 
right coronary artery and is distributed to 
the right atrium and ventricle (Stotler and 
McMahon, 1947). 


CELIAC PLEXUS 


The celiac plexus (solar plexus) (Figs. 12- 
78; 12-80) is situated at the level of the upper 
part of the first lumbar vertebra. It contains 
two large ganglionic masses and a dense net- 
work of fibers surrounding the roots of the 
celiac and superior mesenteric arteries. The 
denser part of the plexus lies between the 
suprarenal glands, on the ventral surface of 
the crura of the diaphragm and abdominal 
aorta, and dorsal to the stomach and the 
omental bursa, but it has extensive prolon- 
gations caudalward on the aorta and out 
along its branches. The celiac ganglia are 
described with the abdominal portion of the 
sympathetic system. The preganglionic para- 
sympathetic fibers reach the plexus through 
the anterior (left) and posterior (right) vagi 
on the stomach. The preganglionic sympa- 
-thetic fibers reach the celiac, aorticorenal, 
and superior mesenteric ganglia through the 
greater and lesser splanchnic nerves. These 
nerves also supply preganglionic fibers to 
the cells in the medulla of the suprarenal 
glands, which correspond developmentally 
to postganglionic neurons. 

SECONDARY PLEXUSES. Thesecondary plex- 
uses and prolongations from the celiac 
plexus follow. 

The phrenic plexus (Fig. 12-80) accompa- 
nies the inferior phrenic artery to the dia- 


phragm. It arises from the superior part of 
the celiac plexus and is larger on the right 
side than on the left. It communicates with 
the phrenic nerve; at the point of junction 
with the right phrenic nerve, near the vena 
caval foramen in the diaphragm, there may 
be a small ganglion, the phrenic ganglion. 
The phrenic plexus gives filaments to the 
inferior vena cava, the inferior phrenic ar- 
teries, and the suprarenal and hepatic plex- 
uses. 

The hepatic plexus accompanies the he- 
patic artery, ramifying upon its branches 
and upon those of the portal vein in the sub- 
stance of the liver. A large network accom- 
panies the gastroduodenal artery and is con- 
tinued as the inferior gastric plexus on the 
right gastroepiploic artery along the greater 
curvature of the stomach, communicating 
with the splenic plexus. Extensions from the 
hepatic plexus supply the pancreas and gall- 
bladder, and there is a communication with 
the phrenic plexus. 

The splenic plexus, containing mainly fi- 
bers from the left celiac ganglion and the 
anterior (left) vagus, accompanies the sple- 
nic artery to the spleen and in its course 
sends filaments along its branches, espe- 
cially to the pancreas. 

The superior gastric plexus (gastric or 
coronary plexus) accompanies the left gas- 
tric artery along the lesser curvature of the 
stomach and communicates with the ante- 
rior (left) vagus. 

The suprarenal plexus (Fig. 12-78) is com- 
posed principally of short, rather stout, 
branches from the celiac ganglion, with 
some contributions from the greater splanch- 
nic nerve and the phrenic plexus. The fibers 
that it contains are predominantly pregangli- 
onic sympathetics, which pass through the 
celiac ganglion without synapses and are 
distributed to the medulla of the suprarenal 
gland, where the cells are homologous with 
postganglionic neurons. Postganglionic fi- 
bers to the blood vessels are also present 
(Swinyard, 1937). 

The renal plexus (Fig. 12-78) is formed by 
filaments from the celiac plexus, the aorti- 
corenal ganglion, the aortic plexus, and the 
smallest splanchnic nerve. It accompanies 
the renal artery into the kidney, giving some 
filaments to the spermatic plexus and to the 
inferior vena cava on the right side (Chris- 
tensen et al., 1951). 

The spermatic plexus receives filaments 


from the renal and aortic plexuses and ac- 
companies the testicular artery to the testis. 
In the female, the ovarian plexus arises from 
the renal plexus, accompanies the ovarian 
artery, and is distributed to the ovary, uter- 
ine tubes, and the fundus of the uterus. 

The superior mesenteric plexus is essen- 
tially the lower part of the celiac plexus; it 
may appear more or less detached from the 
rest of the plexus and frequently it contains 
a separate ganglionic mass, the superior 
mesenteric ganglion. Its vagus fibers come 
principally from the posterior vagus. It sur- 
rounds and accompanies the superior mes- 
enteric artery, being distributed with the lat- 
ters pancreatic, intestinal, ileocolic, right 
colic, and middle colic branches, which sup- 
ply the corresponding organs. 

The abdominal aortic plexus (aortic 
plexus) (Fig. 12-80) is formed from both right 
and left celiac plexuses and ganglia and 
from the lumbar splanchnic nerves. It lies 
upon the ventral and lateral surfaces of the 
aorta between the origins of the superior and 
inferior mesenteric arteries. From this plexus 
arise the spermatic, inferior mesenteric, ex- 
ternal iliac, and hypogastric plexuses, and 
filaments to the inferior vena cava. 

The inferior mesenteric plexus surrounds 
the origin of the inferior mesenteric artery 
and contains a ganglion (Fig. 12-80), the infe- 
rior mesenteric ganglion, or thickened bun- 
dles that contain ganglion cells. It is derived 
from the aortic plexus, through whose celiac 
and lumbar splanchnic contributions it re- 
ceives preganglionic as well as postgangli- 
onic fibers. It surrounds the inferior mesen- 
teric artery, and divides into a number of 
subsidiary plexuses that accompany its 
branches—the left colic, sigmoid, and supe- 
rior rectal—to the corresponding organs 
(Harris, 1943). 

The superior hypogastric plexus (presac- 
ral nerve) (Fig. 12-80) is the caudalward con- 
tinuation of the aortic and inferior mesen- 
teric plexuses. It extends from the level of 
the fourth lumbar to the first sacral verte- 
brae and lies in the subserous fascia just un- 
der the peritoneum. It is at first ventral to the 
aorta, then lies between the common iliac 
arteries; crosses the left common iliac vein, 
and enters the pelvis to lie against the mid- 
dle sacral vessels and the vertebrae. At the 
first sacral vertebra it divides into two parts, 
the right and left hypogastric nerves. 

The hypogastric nerve may be a single 
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rather large nerve or several bundles form- 
ing a parallel network. It lies medial and 
dorsal to the common and internal iliac ar- 
teries, crosses the branches of the latter, and 
enters the inferior hypogastric plexus. 

The inferior hypogastric plexus is a fan- 
like expansion from the hypogastric nerves 
at the proximal part of the rectum and blad- 
der in the subserous fascia just above the 
sacrogenital fold. It receives filaments from 
the sacral portion of the sympathetic chain 
and from the deeper parts of the pelvic 
plexus. 


PELVIC PLEXUS 


The pelvic plexus (Fig. 12-81) of the auto- 
nomic system is formed by the hypogastric 
plexus, by rami from the sacral portion of 
the sympathetic chain, and by the visceral 
branches of the second, third, and fourth 
sacral nerves. Through its secondary plex- 
uses it is distributed to all the pelvic viscera. 

SECONDARY PLEXUSES. The middle rectal 
plexus (middle hemorrhoidal plexus) is con- 
tained in the tissue of the sacrogenital fold 
and is therefore the most superficial part of 
the pelvic plexus with relation to the perito- 
neum. It is usually independent of the mid- 
dle rectal artery, and except for its terminal 
filaments to the caudal sigmoid colon and 
rectum, it is several centimeters from the 
bowel itself. From its superficial position, it 
appears to be the continuation of the inferior 
hypogastric plexus, but the latter has a num- 
ber of other continuations and the rectal 
plexus supplies the lower bowel with par- 
asympathetic fibers through contributions 
from the visceral branches of the sacral 
nerves. It communicates with the superior 
rectal branches from the inferior mesenteric 
plexus (Ashley and Anson, 1946). 

The vesical plexus arises from the ante- 
rior part of the pelvic plexus, its fibers de- 
rived from the superficial or hypogastric net- 
work and the deeper bundles from the sacral 
nerves. The filaments are divisible into peri- 
ureteric, prostatic, seminal vesicle, and lat- 
eral vesical groups. 

The prostatic plexus, from the deeper ven- 
tral part of the pelvic plexus, is composed of 
large nerves that are distributed to the pros- 
tate, seminal vesicles, and corpora caver- 
nosa. The nerves supplying the corpora con- 
sist of two sets, the greater and lesser 
cavernous nerves, which arise from the ven- 
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tral part of the prostatic plexus, join with 
branches of the pudendal nerve, and pass 
beneath the pubic arch. Filaments at the 
base of the gland supply the prostatic and 
membranous urethra, the ejaculatory ducts, 
and the bulbourethral glands. 

The greater cavernous nerve passes distal- 
ward along the dorsum of the penis, joins the 
dorsal nerve of the penis, and is distributed 
to the corpus cavernosum penis. 

The lesser cavernous nerves perforate the 
fibrous covering of the penis near its root, 
and are distributed to the corpus spongio- 
sum penis and the penile urethra. 


The vaginal plexus arises from the caudal 
part of the pelvic plexus. It is distributed to 
the walls of the vagina and to the erectile 
tissue of the vestibule and clitoris. 

The uterine plexus arises from the caudal 
portion of the pelvic plexus. It approaches 
the uterus from its caudal and lateral aspect 
in the base of the broad ligament, in the 
same region as the uterine artery. It is dis- 
tributed to its musculature, supplies fila- 
ments to the uterine tube, and communicates 
with the ovarian plexus (Curtis et al., 1942). 
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Endings of the sensory nerves of the pe- 
ripheral nervous system are found in end 
organs which may be divided into two large 
groups: (1) the organs of the special senses of 
smell, taste, sight, and hearing, and (2) the 
sensory endings of general sensation of heat, 
cold, touch, pain, pressure, etc. This chapter 
considers only the organs of the special 
senses. 


Organ of Smell 


The sensory endings for the sense of smell 
are located in the nose, and for this reason 
the entire nose has, by long tradition, been 
described in this chapter. In this edition, 
however, all but the olfactory area are de- 
scribed in Chapter 15, the Respiratory Sys- 
tem, because the nose and nasal cavity are 
more important for the passage of air than 


for the sense of smell and they are customar- 
ily referred to by clinicians as the upper res- 
piratory tract. 

The olfactory region is located in the most 
superior part of both nasal fossae and occu- 
pies the mucous membrane covering the 
superior nasal concha and the septum oppo- 
site (Fig. 13-1). Thus it is confined to an area 
of the fossa whose walls are formed by the 
ethmoid bone. 

The olfactory sensory endings are the least 
specialized of the special senses. They are 
modified epithelial cells liberally scattered 
within the columnar epithelium of the mu- 
cous membrane. The sensory cells are 
known as olfactory cells and the other epi- 
thelial cells, as supporting cells. Although 
the epithelium appears pseudostratified, the 
supporting cells are not ciliated and there 
are no goblet cells (Fig. 13-2). 

The olfactory cells are bipolar, with a 
small amount of cytoplasm surrounding a 
large spherical nucleus. The slender periph- 
eral or superficial process extends to the sur- 
face of the epithelial membrane and sends 
out a tuft of fine processes known as olfac- 
tory hairs. The central or deep process pene- 
trates the basement membrane and in the 
underlying connective tissue joins neighbor- 
ing processes to form the bundles of unmye- 
linated fibers of the olfactory nerves (Fig. 
13-3). Mingled with the nerve bundles in the 
subepithelial tissue are numerous branched 
tubular glands of a serous secreting type 
(glands of Bowman!), which keep the mem- 
brane protected with moisture. 

The bundles of nerve fibers form a plexus 
in the submucosa and finally collect into 
about 20 nerves that pass through the open- 
ings in the cribriform plate of the ethmoid 
bone as the fila olfactoria. The nerve fibers 
end by forming synapses with processes of 
the mitral cells in the glomeruli of the olfac- 
tory bulb (Fig. 13-3; also see page 1050). 


Organ of Taste 


The peripheral taste organs (gustatory or- 
gans) are the taste buds (gustatory caliculi) 
distributed over the tongue and occasionally 
on adjacent parts. They are spherical or 
ovoid nests of cells embedded in the strati- 


'Sir William Bowman (1816-1892): An English anato- 
mist, ophthalmologist, and physiologist (London). 
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Fic. 13-1. The nerves of the right side of the septum of the nose. 


fied squamous epithelium (Fig. 13-4), and are 
present in large numbers on the sides of the 
vallate papillae and to a lesser extent on the 
opposed walls of the fossae around them 
(Fig. 13-5). They are also found over the sides 
and back of the tongue, especially on the 
fungiform papillae (Fig. 16-36). They are 
plentiful over the lingual fimbria and are 
occasionally present on the oral surface of 
the soft palate and on the posterior surface 
of the epiglottis. 

Each taste bud occupies an ovoid pocket 
that extends through the thickness of the 





epithelium. It has two openings—one at the 
surface and the other at the basement mem- 
brane. There are two types of cells within 
the bud: gustatory cells and supporting cells 
(Fig. 13-4). The supporting cells are elon- 
gated and extend between the basement 
membrane and the surface; they form an 
outer shell for the taste bud, arranged like 
the staves of a wooden cask. Supporting 
cells are also scattered through the bud be- 
tween the gustatory cells. The gustatory cells 
occupy the interior portion of the bud; they 
are spindle-shaped and have a large round 


Nerve bundles 


Fig. 13-2. Section of the olfactory mucous membrane (Cadiat). 
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Fic. 13-3. Plan of olfactory neurons. 


central nucleus. At the peripheral end of 
each gustatory cell protrudes a delicate 
hair-like process, the gustatory hair, through 
an opening at the surface, the gustatory pore. 
The central end of the gustatory cell does 
not end in an axon, as in the case of the ol- 
factory cell, but remains within the taste 
bud, where it is in intimate contact with 
many fine terminations of nerves that pass 
into the taste bud through an opening in the 
basement membrane. The nerves are myeli- 
nated until they reach the taste buds but lose 
their sheaths as they enter the bud. 


NERVES. The posterior third of the tongue, in- 
cluding the taste buds on the vallate papillae, is sup- 
plied by the glossopharyngeal nerve. The fibers for 
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Fic. 13-4. Section through a taste bud. Semidiagram- 
matic 450 x. 


taste to the anterior two-thirds leave the brain in the 
nervus intermedius, continue in the chorda tympani, 
and reach the tongue in the branches of the lingual 
nerve. It is believed that taste buds on the epiglottis 
are supplied by the vagus nerve. 


Organ of Sight: 
The Eye 


The bulb of the eye, or organ of sight, is 
contained in a bony cavity, the orbit, which 
is composed of parts of the frontal, maxil- 
lary, zygomatic, sphenoid, ethmoid, lacri- 
mal, and palatine bones. The bulb is embed- 
ded in the orbital fat but separated from it 
by a thin membranous sac, the fascia bulbi. 
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Associated with it are certain accessory 
structures—the muscles, fasciae, eyebrows, 
eyelids, conjunctiva, and lacrimal apparatus. 


DEVELOPMENT 


The retina and optic nerve develop from 
the forebrain, the lens, from the overlying 
ectoderm, and the accessory structures, from 
the mesenchyme. The eyes begin to develop 
as a pair of diverticula from the lateral as- 
pects of the forebrain. These diverticula 
make their appearance before the closure of 
the anterior end of the neural tube; after clo- 
sure of the tube they are known as the optic 
vesicles. They project toward the sides of 
the head, and the peripheral part of each 
vesicle expands to form a hollow bulb, while 
the proximal part remains narrow and con- 
stitutes the optic stalk. When the peripheral 
part of the optic vesicle comes in contact 
with the overlying ectoderm, the latter thick- 
ens, invaginates, becomes severed from the 
ectoderm, and forms the lens vesicle. At the 
same time the optic vesicle partially encir- 
cles the lens vesicle, forming the optic cup. 
Its two layers are continuous with each 
other at the cup margin, which ultimately 
overlaps the front of the lens except for the 
future aperture of the pupil (Figs. 13-6 to 13- 
9). The process of invagination also causes 
an infolding of the posterior surface of the 
vesicle and the optic stalk, producing the 
choroidal fissure (Fig. 13-10). Mesenchyme 
and the retinal blood vessels (hyaloid artery) 
grow into the fissure. The fissure closes dur- 
ing the seventh week and the two-layered 
optic cup and optic stalk become complete. 
Sometimes the choroidal fissure persists, 
and when this occurs the choroid and iris in 
the region of the fissure remain undevel- 
oped, giving rise to the condition known as 
coloboma of the choroid or iris. 

RETINA. The retina is developed from the 
optic cup. The outer stratum of the cup per- 
sists as a Single layer of cells which assume a 
columnar shape, acquire pigment, and form 
the pigmented layer of the retina; the pig- 
ment first appears in the cells near the edge 
of the cup. The cells of the inner stratum 
proliferate and form a layer of considerable 
thickness from which the nervous elements 
and the sustentacular fibers of the retina are 
developed. In the portion of the cup that 
overlaps the lens, the inner stratum is not 
differentiated into nervous elements, but 
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Fig. 13-6. Brain of 3.9-mm human embryo, 22-23 som- 
ites. C.CR., neural crest of nerves VII and VIII; N.P., 
neuropore; OT., otic vesicle; RH, rhombencephalon; 
V.OI., optic vesicle. (Carnegie embryo No. 8943. 
Bartelmez and Dekeban, Contribution to Embryology, 
Vol. 37, 1962. 





Fic. 13-7. Brain of 6.7-mm human embryo. C.OP., 
conus opticus; DEN., diencephalon; L., lens; MS., mesen- 
cephalon; S.DM., sulcus di-mesencephalicus; V.OP., 
optic vesicle. (Carnegie Embryo No. 6502. Bartelmez and 
Dekaban, 1962. 





Fic. 13-8. Brain of 7.5-mm human embryo. C.OP., 
conus opticus; HYP., hypophysis; L.CBL., lamina cere- 
bellaris,; L.T., lamina terminalis; V.C., cerebral vesicle; 
V.IV., fourth ventricle. (Carnegie Embryo No. 6506. 
Bartelmez and Dekeban, 1962.) 





Fic. 13-9. Optic cup and lens vesicle, 8-mm human 
embryo. EC, ectoderm; L, lens; NR, neural! part of retina; 
OS, optic stalk; OV, optic vesicle; PR, pigment layer of 
retina. (Courtesy of Doctor Aeleta Barber.) 
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forms a layer of columnar cells that is ap- 
plied to the pigmented layer; these two strata 
form the pars ciliaris and pars iridica 
retinae. 

The cells of the inner or retinal layer of 
the optic cup become differentiated into 
spongioblasts and germinal cells, and the lat- 
ter by their subdivisions give rise to neuro- 
blasts. From the spongioblasts are formed 
the sustentacular fibers of Miller,! the outer 
and inner limiting membranes, and the 
groundwork of the molecular layers of the 
retina. The neuroblasts form the ganglionic 
and nuclear layers. The layer of rods and 
cones first develops in the central part of the 
optic cup and from there gradually extends 
toward the cup margin. All the layers of the 
retina are completed by the eighth month of 
fetal life. 

optic Nerve. The optic stalk is converted 
into the optic nerve by the obliteration of its 
cavity and the growth of nerve fibers into it. 
Most of these fibers are centripetal and grow 
backward into the optic stalk from the nerve 
cells of the retina, but a few extend in the 
opposite direction and are derived from 
nerve cells in the brain. The fibers of the 
optic nerve receive their myelin sheaths 
about the tenth week after birth. The optic 
chiasma is formed by the meeting and par- 
tial decussation of the fibers of the two optic 
nerves. Behind the chiasma, the fibers grow 


‘Heinrich Miller (1820-1864); A German anatomist 
(Wurzburg). 
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Fic. 13-10. The optic cup and lens vesicle in a human 
embryo during the fifth week. Note the optic fissure and 
the developing central vessels of the retina (hyaloid ves- 
sels). 
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backward as the optic tracts to the thalamus 
and midbrain. 

CRYSTALLINE LENS. The crystalline lens is 
developed from the lens vesicle, which re- 
cedes within the margin of the cup and be- 
comes separated by mesoderm from the 
overlying ectoderm. The cells forming the 
posterior wall of the vesicle lengthen and are 
converted into the lens fibers, which grow 
forward and fill the cavity of the vesicle (Fig. 
13-11). The cells forming the anterior wall 
retain their cellular character and form the 
epithelium on the anterior surface of the 
adult lens. 

HYALOID ARTERY. A capillary net continu- 
ous with the primitive choroid net enters the 
choroid fissure. As the fissure closes, con- 
nections with the choroid net are cut off ex- 
cept at the edge of the cup. The vessel en- 
closed in the optic stalk is the hyaloid artery. 
Its branches surround the deep surface of 
the lens and drain into the choroid net at the 
margin of the cup. As the vitreous body in- 
creases, the hyaloid supplies branches to it. 
By the second month, the lens is invested by 
a vascular mesodermal capsule, the capsula 
vasculosa lentis. The blood vessels supply- 
ing the posterior part of this capsule are de- 
rived from the hyaloid artery; those for the 
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anterior part, from the anterior ciliary ar- 
teries. The portion of the capsule that covers 
the front of the lens is named the pupillary 
membrane. By the sixth month all the ves- 
sels of the capsule have atrophied except the 
hyaloid artery, which disappears during the 
ninth month; the position of this artery is 
indicated in the adult by the hyaloid canal, 
which extends from the optic disc to the pos- 
terior surface of the lens. With the loss of its 
blood vessels, the capsula vasculosa lentis 
disappears, but sometimes the pupillary 
membrane persists at birth, giving rise to the 
condition termed congenital atresia of the 
pupil, 

CENTRAL ARTERY OF THE RETINA. By the 
fourth month, branches of the hyaloid artery 
and veins that have developed during the 
third month begin to spread out in the retina 
and reach the ora serrata by the eighth 
month. After atrophy of the vitreous part of 
the hyaloid vessels, the proximal part in the 
optic nerve and retina becomes the central 
artery of the retina. 

cHorROip. The choroid is analogous to the 
leptomeninges of the brain and spinal cord. 
It develops from mesenchyme between the 
sclera (dura) and the optic cup (an extension 
of the brain wall). The mesenchyme is in- 
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Fig. 13-11. Horizontal section through the eye of an 18-day-old rabbit embryo. 30 x. (Kolliker.) 


vaded by capillaries from the ciliary vessels. 
They form a rich plexus over the outer sur- 
face of the optic cup and connect with the 
hyaloid capillary plexus in the pupillary re- 
gion. The mesenchyme forms a loose net- 
work of fibroblasts, pigmented cells, and col- 
lagenous fibrils, partially separated by 
mesothelial-lined, fluid-containing spaces. 

CANALOFSCHLEMM. ThecanalofSchlemm! 
(sinus venosSus sclerae) and the circular ves- 
sels of the iris develop from the anterior ex- 
tension of the plexus of the choroid. The 
former is analogous to a venous sinus of the 
dura mater; the anterior chamber is analo- 
gous to the subarachnoid spaces. The drain- 
age of aqueous humor by way of the pecti- 
nate villi into the canal of Schlemm is 
analogous to the drainage of the subarach- 
noid fluid by way of the arachnoid granula- 
tions into the dural sinuses. 


‘Friedrich S. Schlemm (1795-1858): A German anatomist 
(Berlin). 
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VITREOUS BODY. The vitreous body (Fig. 
13-12) develops between the lens and the 
optic cup as the two structures become sepa- 
rated. Some authors believe that initially the 
retina and perhaps the lens as well play roles 
in the formation of the vitreous body; others 
believe that the retina plays the sole role; 
and still others believe that both retina and 
invading mesenchyme are involved. Fixed 
and stained preparations show throughout 
the vitreous body a delicate network of fi- 
brils continuous with the long processes of 
stellate mesenchymal cells and with the ret- 
ina. Later the fibrils are limited to the ciliary 
region, where they are supposed to form the 
zonula ciliaris. 

ScLERA. The sclera (Fig. 13-12) is derived 
from the mesenchyme surrounding the optic 
cup. Fibroblasts form a dense layer of col- 
lagenous fibers continuous with the sheath 
of the optic nerve. The sclera is analogous to 
the dura mater. 

CORNEA. Most of the cornea (Fig. 13-12) is 
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Fic. 13-12. Sagittal section of eye of human embryo of six weeks. (Kollmann.) 
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derived from mesenchyme that invades the 
region between the lens and ectoderm. The 
overlying ectoderm becomes the corneal 
epithelium. The endothelial (mesothelial) 
layer comes from mesenchymal cells that 
line the corneal side of the cleft (anterior 
chamber), which develops between the cor- 
nea and pupillary membrane. The factors 
responsible for the transparency of the cor- 
nea are unknown. 

ANTERIOR CHAMBER. ‘The anterior cham- 
ber of the eye appears as a cleft in the meso- 
derm separating the lens from the overlying 
ectoderm. The layer of mesoderm anterior to 
the cleft forms the substantia propria of the 
cornea, that posterior to the cleft forms the 
stroma of the iris and the pupillary mem- 
brane. 

PUPILLARY MEMBRANE. In the fetus, the 
pupil is closed by a delicate vascular mem- 
brane, the pupillary membrane, which di- 
vides the space in which the iris is sus- 
pended into two distinct chambers. The 
vessels of this membrane are derived partly 
from those of the capsule of the margin of 
the iris and partly from those of the capsule 
of the lens; they have a looped arrangement 
and converge toward each other without 
anastomosing. About the sixth month, the 
membrane begins to disappear by absorp- 
tion from the center toward the circumfer- 
ence, and at birth only a few fragments are 
present; in exceptional cases it persists. 

The fibers of the ciliary muscle are de- 
rived from the mesoderm, but those of the 
sphincter and dilatator pupillary muscles 
are of ectodermal origin, being developed 
from the cells of the pupillary part of the 
optic cup. 

EYELIDS. The eyelids are formed as small 
cutaneous folds (Figs. 13-11; 13-12) which, 
about the middle of the third month, come 
together and unite in front of the cornea. 
They remain united until about the end of 
the sixth month. 

LACRIMAL APPARATUS. ‘The lacrimal sac 
and nasolacrimal duct develop from a thicken- 
ing of the ectoderm in the groove known as 
the nasoéptic furrow, between the lateral 
nasal and maxillary processes. This thicken- 
ing forms a solid cord of cells that sinks into 
the mesoderm; during the third month the 
central cells of the cord break down, and a 
lumen, the nasolacrimal duct, is established. 
The lacrimal ducts arise as buds from the 
upper part of the cord of cells and secondar- 


ily establish openings (puncta lacrimalia) 
on the margins of the lids. The epithelium of 
the cornea and conjunctiva, and that which 
lines the ducts and alveoli of the lacrimal 
gland, is of ectodermal origin, as are also the 
eyelashes and the lining cells of the glands 
that open on the lid margins. 


BULB OF THE EYE 


The bulb of the eye is composed of seg- 
ments of two spheres of different sizes. The 
transparent anterior segment, the cornea, is 
from a small sphere and forms about one- 
sixth of the bulb. The opaque posterior seg- 
ment is from a larger sphere and forms about 
five-sixths of the bulb. The term anterior 
pole is applied to the central point of the an- 
terior curvature of the bulb, and posterior 
pole, to the central point of its posterior cur- 
vature; a line joining the two poles forms the 
optic axis. The axes of the two bulbs are 
nearly parallel, and therefore do not corre- 
spond to the axes of the orbits, which di- 
verge lateralward. The optic nerves follow 
the direction of the axes of the orbits and 
therefore are not parallel: each leaves its 
eyeball 3 mm to the nasal side and a little 
below the level of the posterior pole. The 
transverse and anteroposterior diameters of 
the bulb are somewhat greater than its verti- 
cal diameter; the former amounts to about 24 
mm and the latter, to about 23.5 mm. In the 
female, all three diameters are rather less 
than those in the male. The anteroposterior 
diameter at birth is about 17.5 mm, and at 
puberty, 20 to 21 mm. 


Tunics of the Eye 


The bulb is composed of three tunics: (1) 
an outer fibrous tunic, consisting of the 
sclera posteriorly and the cornea anteriorly; 
(2) an intermediate vascular, pigmented 
tunic, comprising the choroid, ciliary body, 
and iris; and (3) an internal neural tunic, the 
retina (Fig. 13-13). 


FIBROUS TUNIC 


The sclera is opaque, and constitutes the 
posterior five-sixths of the tunic; the cornea 
is transparent, and forms the anterior sixth 
(Pig, 13-13). 
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Fic. 13-13. Horizontal section of the eyeball. 


SCLERA. The sclera received its name 
from its density and hardness; it is a tough, 
inelastic membrane that maintains the size 
and form of the bulb. Its thicker posterior 
part measures 1 mm. Its external surface is 
white and smooth, except at the points 
at which the recti and obliqui muscles are 
inserted. Its anterior part is covered by the 
conjunctival membrane; the rest of the sur- 
face is separated from the fascia bulbi (cap- 
sule of Tenon') by the loose connective tis- 
sue of a fascial cleft (see p. 1307), which 
permits rotation of the eyeball within the 
fascia. 

Its inner surface is brown and marked by 
grooves, in which the ciliary nerves and ves- 
sels are lodged; it is loosely attached to the 
pigmented suprachoroid lamina of the cho- 
roid. Posteriorly it is pierced by the optic 
nerve, and is continuous through the fibrous 
sheath of this nerve with the dura mater. 

The optic nerve passes through the lamina 
cribrosa sclerae (Fig. 13-14), in which minute 
orifices transmit the neural filaments, and 
the fibrous septa dividing them from one 


'Tacques René Tenon (1724-1816): A French surgeon and 
pathologist (Paris). 


another are continuous with those that sepa- 
rate the bundles of nerve fibers. One of these 
openings, larger than the rest and occupying 
the center of the lamina, transmits the cen- 
tral artery and vein of the retina. Around the 
exit of the optic nerve are numerous small 
apertures for the transmission of the ciliary 
vessels and nerves, and about midway be- 
tween the cribrosa and the sclerocorneal 
junction are four or five large apertures from 
the transmission of the vorticose veins. 
The sclera is directly continuous with the 
cornea anteriorly, the line of union being 
termed the sclerocorneal junction. Near the 
junction, the inner surface of the sclera pro- 
jects into a circular ridge called the scleral 
spur, to which the ciliary muscle and the iris 
are attached. Anterior to this ridge is a cir- 
cular depression, the scleral sulcus, which is 
crossed by trabecular tissue that separates 
the angle of the anterior chamber from the 
canal of Schlemm. The spaces of the trabec- 
ular tissue (spaces of Fontana*) connect on 
one side with the anterior chamber of the 
eye and on the other with the pectinate villi. 


?Felice Fontana (1720-1805): An Italian physiologist and 
philosopher (Pisa and Florence). 
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Fic. 13-14. The terminal portion of the optic nerve as it traverses the lamina cribrosa of the sclera. 


The aqueous humor filters through the walls 
of the villi into the canal of Schlemm. 

CORNEA. The cornea, the transparent part 
of the external tunic, is almost circular in 
outline, occasionally a little broader in the 
tranverse than in the vertical direction. It is 
convex anteriorly and projects like a dome 
beyond the sclera. Its degree of curvature 
varies in different individuals, and in the 
same individual at different periods of life, 
being more pronounced in youth than in 
advanced life. The cornea is dense and of 
uniform thickness throughout; its posterior 
circumference is perfectly circular in out- 
line, and exceeds the anterior slightly in di- 
ameter. Immediately anterior to the sclero- 
corneal junction the cornea bulges inward as 
a thickened rim. 


VASCULAR TUNIC 


The vascular tunic (uvea) (Figs. 13-15; 13- 
16; 13-17) of the eye is composed of the cho- 
roid, the ciliary body, and the iris. 

The choroid invests the posterior five- 
sixths of the bulb and extends as far anteri- 
orly as the ora serrata of the retina. The 
ciliary body connects the choroid to the 
circumference of the iris. The iris is a 
circular diaphragm behind the cornea and 
presents near its center a rounded aperture, 
the pupil. 


cHoroip. The choroid is a thin, highly 


vascular membrane, dark brown or choco- 
late-colored, investing the posterior five- 
sixths of the bulb; it is pierced posteriorly by 
the optic nerve, and in this location is firmly 
adherent to the sclera. Its outer surface is 
loosely connected by the lamina suprachor- 
oidea with the sclera; its inner surface is at- 
tached to the pigmented layer of the retina. 

citiary Bopoy. The ciliary body extends 
from the ora serrata of the retina to the outer 
edge of the iris and the sclerocorneal junc- 
tion. It consists of the thickened vascular 
tunic of the eye and the ciliary muscle. Its 
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Fic. 13-15. The arteries of the choroid and iris. The 


greater part of the sclera has been removed. (Enlarged.) 
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Fic. 13-16. The veins of the choroid. (Enlarged.) 


inner surface is covered by the thin, pig- 
mented ciliary part of the retina. The sus- 
pensory ligament of the lens is attached to 
the ciliary body. The ciliary body comprises 
two zones, the orbiculus ciliaris and the cili- 
ary processes (Fig. 13-18). 

The orbiculus ciliaris is 4 mm wide and 
extends from the ora serrata to the ciliary 
processes. Its thickness increases as it ap- 
proaches the ciliary processes owing to the 
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Fic. 13-17. The choroid and iris. (Enlarged.) 
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increase in thickness of the ciliary muscle. 
The choroid layer is thicker here than over 
the optical part of the retina. Its inner sur- 
face presents numerous small, radially ar- 
ranged ridges, the ciliary processes. 

The ciliary processes are formed by the 
inward folding of the various layers of the 
choroid, i.e., the choroid proper and the lam- 
ina basalis; the layers are received between 
corresponding foldings of the suspensory 
ligament of the lens. The ciliary processes 
are arranged radially on the posterior sur- 
face of the iris, forming a sort of frill around 
the margin of the lens (Fig. 13-18). Their 
numbers vary from 60 to 80; the larger ones 
are about 2.5 mm long, and the smaller ones, 
consisting of about one-third of the entire 
number, are situated in spaces between the 
larger processes, but with no regular ar- 
rangement. They are attached by their pe- 
riphery to three or four ridges of the orbic- 
ulus ciliaris and are continuous with the 
layers of the choroid. Their other extremities 
are free and rounded, and are directed to- 
ward the circumference of the lens. Anteri- 
orly, they are continuous with the periphery 
of the iris. Their posterior surfaces are con- 
nected with the suspensory ligament of the 
lens. 

The ciliaris muscle (ciliary muscle) con- 
sists of unstriated fibers. It forms a grayish, 
semitransparent, circular band, about 3mm 
broad, on the outer surface of the anterior 
part of the choroid. It is thickest anteriorly 
and consists of two sets of fibers, meridional 
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Fic. 13-18. Interior of anterior half of bulb of eye. 
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and circular. The meridional fibers, much 
more numerous than the circular fibers, arise 
from the posterior margin of the scleral spur; 
they run posteriorly and are attached to the 
ciliary processes and orbiculus ciliaris. The 
circular fibers are internal to the meridional 
ones, and in a meridional section they ap- 
pear as a triangular zone behind the filtra- 
tion angle and close to the circumference of 
the iris. They are well developed in hyper- 
metropic eyes, but are rudimentary or ab- 
sent in myopic eyes. The ciliaris muscle is 
the chief agent in accommodation, i.e., in 
adjusting the eye to the vision of near ob- 
jects. When it contracts, it draws the ciliary 
processes centripetally, relaxes the suspen- 
sory ligament of the lens, and thus allows the 
lens to become more convex. 

iniS. The iris has received its name from 
its various colors in different individuals. It 
is a circular, contractile disc suspended in 
the aqueous humor between the cornea and 
lens; it is perforated a little to the nasal side 
of its center by a circular aperture, the pupil. 
At its periphery it is continuous with the cil- 
iary body, and it is also connected with the 
posterior elastic lamina of the cornea by 
means of the pectinate ligament. Its flat sur- 
faces are anterior, toward the cornea, and 
posterior, toward the ciliary processes and 
lens. The iris divides the space between the 
lens and the cornea into an anterior and a 
posterior chamber. The anterior chamber of 
the eye is bound anteriorly by the posterior 
surface of the cornea and posteriorly by the 
iris and the central part of the lens. The pos- 
terior chamber is a narrow cleft posterior 
to the peripheral part of the iris and anterior 
to the suspensory ligament of the lens and 
the ciliary processes (Fig. 13-13). In the adult, 
the two chambers communicate through the 
pupil, but in the fetus, until the seventh 
month, they are separated by the pupillary 
membrane (p. 1288). 


INTERNAL TUNIC 


The internal tunic is a continuous mem- 
brane, but has a posterior nervous part, the 
retina proper, and an anterior non-neural 
part, the pars ciliaris and pars iridica retinae. 

RETINA. The retina is a delicate neural 
membrane upon which the images of exter- 
nal objects are received. Its outer surface is 
in contact with the choroid; its inner surface, 


with the vitreous body. Posteriorly, it is con- 
tinuous with the optic nerve. It gradually 
diminishes in thickness anteriorly and ex- 
tends nearly as far as the ciliary body, where 
it appears to end in a jagged margin, the ora 
serrata. Here the neural tissue of the ret- 
ina ends, but a thin prolongation of the mem- 
brane extends anteriorly over the back of 
the ciliary processes and iris, forming the 
pars ciliaris retinae and pars iridica retinae 
already referred to. This forward prolonga- 
tion consists of the pigmented layer of the 
retina together with a stratum of columnar 
epithelium. The retina is soft and semitrans- 
parent. It has a purple tint in the fresh state, 
owing to the presence of a coloring material 
named rhodopsin or visual purple, but it 
soon becomes clouded, opaque, and bleached 
when exposed to sunlight. Exactly in the 
center of the posterior part of the retina, cor- 
responding to the optical axis of the eye and 
at a point in which the sense of vision is 
most perfect, is an oval yellowish area, the 
macula; in the macula is a central depres- 
sion, the fovea centralis (Fig. 13-18). At the 
fovea centralis the retina is exceedingly thin, 
and the dark color of the choroid is dis- 
tinctly seen through it. About 3mm to the 
nasal side of the macula is the optic disc, 
which marks the exit of the optic nerve. A 
depression in the center of the disc, the 
porus opticus, marks the point of entrance of 
the central retinal artery. The disc is the only 
part of the surface of the retina that is 
insensitive to light, and it is termed the 
blind spot (Fig. 13-19). 


Structure of the Tunics of the Bulb 
STRUCTURE OF THE SCLERA 


The sclera is formed of bundles and lami- 
nae of collagenous fibers intermixed with 
fine elastic fibers, fibroblasts, and other con- 
nective tissue cells. Its vessels are not nu- 
merous, the capillaries being small and unit- 
ing at long and wide intervals. Its nerves are 
derived from the ciliary nerves. 


STRUCTURE OF THE CORNEA 


The cornea consists of five layers: (1) the 
corneal epithelium, continuous with that of 
the conjunctiva; (2) the anterior lamina; (3) 
the substantia propria; (4) the posterior lam- 
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Fic. 13-19. Interior of posterior half of right eye as viewed through an ophthalmoscope. The distribution of central 
vessels of the retina is shown (veins darker than arteries) and their relation to the optic disc. The area of most acute 


vision, the macula, is shown. (Eycleshymer and Jones.) 


ina; and (5) the endothelium (mesothelium) 
of the anterior chamber (Fig. 13-20). 

The corneal epithelium (anterior layer) 
covers the front of the cornea and consists of 
several layers of cells. The cells of the deep- 
est layer are columnar; then follow two or 
three layers of polyhedral cells, the majority 
of which are prickle cells similar to those 
found in the stratum mucosum of the cuticle. 
Lastly, there are three or four layers of squa- 
mous cells, with flat nuclei. 

The anterior lamina (anterior limiting 
layer; Bowman’s membrane) consists of 
closely interwoven fibrils, similar to those 
found in the substantia propria but contain- 
ing no corneal corpuscles. It may be re- 
garded as a condensed part of the substantia 
propria. 

The substantia propria corneae is fibrous, 
tough, unyielding, and perfectly transparent. 
[t is composed of about 60 flat superimposed 
lamellae made up of bundles of modified 
connective tissue, the fibers of which are di- 
rectly continuous with those of the sclera. 
The fibers of each lamella are for the most 
part parallel with one another, but at right 


angles to those of adjacent lamellae, and fre- 
quently pass from one lamella to the next. 
The lamellae are held together by an inter- 
stitial cement substance, except for the cor- 
neal spaces which contain the corneal cor- 
puscles, modified fibroblasts resembling the 
space in form, but not entirely filling them. 

The posterior elastic lamina (membrane 
of Descemet!; membrane of Demours?”) cov- 
ers the posterior surface of the substantia 
propria. It is an elastic, transparent, homoge- 
neous membrane of extreme thinness, which 
is not rendered opaque by either water, alco- 
hol, or acids. When stripped from the sub- 
stantia propria it curls up, or rolls upon itself 
with the attached surface innermost. 

At the margin of the cornea, the posterior 
elastic lamina breaks up into fibers that form 
the trabecular tissue already described. 
Some of the fibers of this trabecular tissue 
are continued into the substance of the iris, 


1Jean Descemet (1732-1810): A French anatomist and 
surgeon (Paris). 

“Pierre Demours (1702-1795): A French ophthalmologist 
(Paris). 








Fic. 13-20. Vertical section of human cornea from near 
the margin. (Waldeyer.) Magnified. 1. Epithelium. 2. An- 
terior lamina. 3. Substantia propria. 4. Posterior elastic 
lamina. 5. Endothelium of the anterior chamber. a, 
Oblique fibers in the anterior layer of the substantia pro- 
pria. b, Lamellae, the fibers of which are cut across, pro- 
ducing a dotted appearance. c, Corneal corpuscles ap- 
pearing fusiform in section. d, Lamellae, the fibers of 
which are cut longitudinally. e, Transition to the sclera, 
with more distinct fibrillation, and surmounted by a 
thicker epithelium. f, Small blood vessels cut across near 
the margin of the cornea. 


forming the pectinate ligament of the iris, 
while others are connected with the forepart 
of the sclera and choroid. 

The endothelium of the anterior chamber 
(posterior layer; corneal endothelium) is a 
mesothelial, rather than an endothelial, 
layer that covers the posterior surface of the 
elastic lamina. It is reflected onto the front of 
the iris, and also lines the spaces of the angle 
of the iris. It consists of a single stratum of 
polygonal, flattened, nucleated cells. 


VESSELS AND NERVES. The cornea Is a nonvascu- 
lar structure. The capillary vessels, which end in 
loops at its circumference, are derived from the an- 
terior ciliary arteries. Lymphatic vessels have not yet 
been demonstrated in it, but are represented by the 
channels in which the bundles of nerves run; these 
channels are lined by an endothelium. 

The nerves are numerous and are derived from 
the ciliary nerves. Around the periphery of the cor- 
nea they form an annular plexus, from which fibers 
enter the substantia propria. They lose their myelin 
sheaths and ramify throughout its substance In a 
delicate network, and their terminal filaments form a 
firm and close plexus on the surface of the cornea 
proper, beneath the epithelium. This is termed the 
subepithelial plexus, and from it fibrils are given off 
that ramify between the epithelial cells, forming an 
intraepithelial plexus. 


STRUCTURE OF THE CHOROID 


The choroid consists mainly of a dense 
capillary plexus and of small arteries and 
veins that carry blood to and from this 
plexus. On its external surface is a thin mem- 
brane, the lamina suprachoroidea, composed 
of delicate nonvascular lamellae—each la- 
mella consisting of a network of fine elastic 
fibers, among which are branched pigment 
cells. The potential spaces between the la- 
mellae are lined by mesothelium and open 
freely into the perichoroidal space. 

Internal to this lamina is the choroid 
proper, consisting of two layers: an outer 
layer, composed of small arteries and veins 
with pigment cells interspersed between 
them; and an inner layer, consisting of a cap- 
illary plexus. 

The outer layer (!amina vasculosa) con- 
sists partly of the larger branches of the 
short ciliary arteries that run between the 
veins before they bend inward to end in the 
capillaries, but primarily this layer is formed 
of veins, named the venae vorticosae from 
their arrangement (Figs. 13-16; 13-17). The 
veins converge to four or five equidistant 
trunks, which pierce the sclera midway be- 
tween the sclerocorneal junction and the 
exit of the optic nerve. Interspersed between 
the vessels are dark, star-shaped pigment 
cells, the processes of which, communicat- 
ing with those of neighboring cells, form a 
delicate network or stroma, which loses its 
pigmented character toward the inner sur- 
face of the choroid. 

The inner layer (lamina choriocapillaris) 
consists of an exceedingly fine capillary 


plexus formed by the short ciliary vessels; 
the network is closer and finer in the poste- 
rior than in the anterior part of the choroid. 
About 1.25cm behind the cornea, the 
meshes of the plexus become larger and are 
continuous with those of the ciliary proc- 
esses. These two laminae are connected by a 
stratum intermedium, which consists of fine 
elastic fibers. On the inner surface of the 
lamina choriocapillaris is a thin, structure- 
less, or faintly fibrous membrane called the 
lamina basalis; it is closely connected with 
the stroma of the choroid and separates it 
from the pigmented layer of the retina. 

One of the functions of the choroid is to 
provide nutrition for the retina and to con- 
vey vessels and nerves to the ciliary body 
and iris. 

TaPETUM. This name is applied to the 
outer and posterior part of the choroid, 
which in many animals has an iridescent 
appearance. 


STRUCTURE OF THE CILIARY PROCESSES 


The structure of the ciliary processes (Fig. 
13-18) is similar to that of the choroid, but 
the vessels are larger and have chiefly a lon- 
gitudinal direction. Their posterior surfaces 
are covered by a bilaminar layer of black 
pigment cells, which is continued anteriorly 
from the retina and is named the pars ciliaris 
retinae. In the stroma of the ciliary processes 
are also stellate pigment cells, but these are 
not as numerous as in tHe choroid itself. 


STRUCTURE OF THE IRIS 


The iris is composed of the following 
structures: 

1. A layer of flat mesothelial cells is 
placed on a delicate hyaline basement mem- 
brane on the anterior surface. This layer is 
continuous with the mesothelium covering 
the posterior elastic lamina of the cornea, 
and in individuals with dark-colored irises, 
the cells contain pigment granules. 

2. The stroma of the iris consists of fibers 
and cells. The former are made up of deli- 
cate collagenous bundles. A few fibers at the 
circumference of the iris have a circular di- 
rection, but the majority radiate toward the 
pupil, forming delicate meshes in which the 
vessels and nerves are contained. Inter- 
spersed between the bundles of connective 
tissue are numerous branched cells with fine 


RGAN Of SIGHT TI 1297 


processes. In dark eyes, many of these cells 
contain pigment granules, but in blue eyes 
and the eyes of albinos, they are unpig- 
mented. 

3. The muscular fibers are involuntary 
and consist of circular and radiating fibers. 
The circular fibers form the sphincter 
pupillae; they are arranged in a narrow band 
about 1 mm wide that surrounds the margin 
of the pupil toward the posterior surface of 
the iris. The fibers near the free margin are 
closely aggregated; those near the periphery 
of the band are somewhat separated and 
form incomplete circles. The radiating fibers 
form the dilatator pupillae; they converge 
from the circumference toward the center 
and blend with the circular fibers near the 
margin of the pupil. 

4. The posterior surface of the iris has a 
deep purple tint, being covered by two lay- 
ers of pigmented columnar epithelium that 
are continuous at the periphery of the iris 
with the pars ciliaris retinae. This pigmented 
epithelium is named the pars iridica retinae. 

The color of the iris is produced by the 
reflection of light from dark pigment cells 
underlying a translucent tissue, and it is de- 
termined, therefore, by the amount of the 
pigment and its distribution throughout the 
texture of the iris. The number and the situa- 
tion of the pigment cells differ in different 
irises. In the albino, pigment is absent; in the 
various shades of blue eyes, the pigment 
cells are confined to the posterior surface of 
the iris, whereas in gray, brown, and biack 
eyes, pigment is found also in the cells of the 
stroma and in those of the endothelium on 
the front of the iris. 


CLINICAL NOTE. The iris may be absent, either in 
part or altogether, as a congenital condition, and in 
some instances the pupillary membrane persists, al- 
though it is rarely complete. The iris may be the seat 
of a malformation termed a co/oboma, which con- 
sists of a deficiency or cleft, due in a great number of 
cases to an arrest in development. In these cases the 
cleft is found at the lower aspect, extending directly 
downward from the pupil, and the gap frequently 
extends through the choroid to the porus opticus. In 
some rare cases the gap is found in other parts of the 
iris, and is not then associated with any deficiency of 
the choroid. 

VESSELS AND NERVES. The arteries of the iris 
are derived from the long and anterior ciliary arteries 
and from the vessels of the ciliary processes (see p. 
1292). Each of the two long ciliary arteries, having 
reached the attached margin of the iris, divides into 
an upper and lower branch. These anastomose with 
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corresponding branches from the opposite side and 
thus encircle the iris. Into this vascular circle, the 
circulus arteriosus major, the anterior ciliary ar- 
teries pour their blood, and from it vessels converge 
to the free margin of the iris, where they communi- 
cate to form a second circle, the circulus arteriosus 
minor (Fig. 13-21). 

The nerves of the choroid and iris (Fig. 13-16) 
are the long and short ciliary nerves; the former are 
branches of the nasociliary nerve, and the latter are 
branches of the ciliary ganglion. They pierce the 
sclera around the entrance of the optic nerve, run 
forward in the perichoroidal space, and supply the 
blood vessels of the choroid. After reaching the iris, 
they form a plexus around its attached margin; from 
this are derived unmyelinated fibers that end in the 
sphincter and dilatator pupillae. Other fibers from 
the plexus end in a network on the anterior surface 
of the iris. The fibers, derived through the motor root 
of the ciliary ganglion from the oculomotor nerve, 
supply the sphincter pupillae, while those derived 
from the sympathetic root supply the dilatator 
pupillae. 


STRUCTURE OF THE RETINA 


The retina consists of an outer pigmented 
layer and an inner neural stratum or retina 
proper (Figs. 13-22; 13-23). 

RETINA PROPER. The neural structures of 
the retina proper are supported by a series of 
nonneural or sustentacular fibers. In histo- 
logic sections made perpendicularly to the 
surface of the retina, ten layers are identified 
and named from within outward as follows: 


Anterior 
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Fic. 13-21. Iris, anterior view. 
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Fig. 13-22. Section of human retina. e.J.m., external 
limiting membrane; g.]., ganglionic layer; i.J.m., internal 
limiting membrane; i.n., inner nuclear layer; i.p., inner 
plexiform layer; o.n., outer nuclear layer; o.p., outer 
plexiform layer; pig., pigment cell layer; r.c., layer of 
rods and cones; s.o., stratum opticum. 500 x. (Redrawn 
from Sobotta.) 
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1. The internal limiting membrane is a 
thin cribriform layer formed by the susten- 
tacular fibers (p. 1301). 

2. The stratum opticum or layer of nerve 
fibers is formed by the expansion of the fi- 
bers of the optic nerve; it is thickest near the 
porus opticus, gradually diminishing toward 
the ora serrata. As the nerve fibers pass 
through the lamina cribrosa sclerae, they 
lose their myelin sheaths and continue on- 
ward through the choroid and retina as sim- 
ple axons. When they reach the internal sur- 
face of the retina, they radiate as a group of 
bundles from their point of entrance, and in 
many places they are arranged in plexuses. 
Most of the fibers are centripetal and are the 
direct continuations of the axons of the cells 
of the ganglionic layer, but a few of them are 
centrifugal and ramify in the inner plexi- 
form and inner nuclear layers, where they 
end in enlarged extremities. 
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Fic. 13-23. Plan of retinal neurons. (After Cajal.) 


3. The ganglion cell layer consists of a sin- 
gle layer of large ganglion cells, except in 
the macula, where there are several strata. 
The cells are somewhat flask-shaped; the 
rounded internal surface of each rests on the 
stratum opticum and sends an axon into the 
fiber layer. From the opposite end numerous 
dendrites extend into the inner plexiform 
layer, where they branch and form flat ar- 
borizations at different levels. The ganglion 
cells vary much in size, and the dendrites of 
the smaller ones usually arborize in the 
inner plexiform layer as soon as they enter 
it, while those of the larger cells ramify close 
to the inner nuclear layer. 

4. The inner plexiform layer is made up of 
a dense reticulum of minute fibrils formed 
by the interlacement of the dendrites of the 
ganglion cells with those of the cells of the 
inner nuclear layer. Within this reticulum, a 
few branched spongioblasts are embedded. 

5. The inner nuclear layer is made up of 
closely packed cells, of which there are three 
varieties: bipolar cells, horizontal cells and 
amacrine cells. 

The bipolar cells, by far the most numer- 
ous, are round or oval, and each is prolonged 


into an inner and an outer process. They are 
divisible into rod bipolars and cone bipolars. 
The inner processes of the rod bipolars run 
through the inner plexiform layer and arbo- 
rize around the bodies of the cells of the gan- 
glionic layer; their outer processes end in the 
outer plexiform layer in tufts of fibrils 
around the button-like ends of the inner 
processes of the rod granules. The inner 
processes of the cone bipolars ramify in the 
inner plexiform layer in contact with the 
dendrites of the ganglionic cells. 

The horizontal cells lie in the outer part of 
the inner nuclear layer and have somewhat 
flattened cell bodies. Their dendrites divide 
into numerous branches in the outer plexi- 
form layer, while their axons run horizon- 
tally for some distance and finally ramify in 
the same layer. 

The amacrine cells are in the inner part of 
the inner nuclear layer and are so named 
because it has not yet been shown that they 
possess axons. Their dendrites ramify exten- 
sively in the inner plexiform layer. 

The cell bodies and nuclei of the susten- 
tacular fibers are in this layer. 

6. The outer plexiform layer is much thin- 
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ner than the inner layer but, like it, consists 
of a dense network of minute fibrils derived 
from the processes of the horizontal cells of 
the preceding layer and the outer processes 
of the rod and cone bipoplar cells, which 
ramify in it, forming arborizations around 
the enlarged ends of the rod fibers and with 
the branched foot plates of the cone fibers. 

7, The outer nuclear layer, like the inner 
nuclear layer, contains strata of oval cell 
bodies. The latter are of two types: rod or 
cone nuclei, so named because they are con- 
nected respectively with the rods and cones 
of the next layer. The rod nuclei are much 
more numerous and are placed at different 
levels throughout the layer. Prolonged from 
either extremity of each cell is a fine process. 
The outer process is continuous with a sin- 
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gle rod of the layer of rods and cones; the 
inner process ends in the outer plexiform 
layer in an enlarged extremity and is embed- 
ded in the tuft into which the outer proc- 
esses of the rod bipolar cells break up. In its 
course it has numerous varicosities. 

The cone nuclei, fewer in number than the 
rod nuclei, are placed close to the external 
limiting membrane, through which they are 
continuous with the cones of the layer of 
rods and cones. They contain a piriform nu- 
cleus that almost completely fills the cell. 
From the inner extremity, a thick process 
passes into the outer plexiform layer, and 
there expands into a pyramidal enlargement 
or foot plate from which numerous fine fi- 
brils are given off and come in contact with 
the outer processes of the cone bipolars. 
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Fic. 13-24 A horizontal section through half of the anterior part of the eyeball. 


8. The external limiting membrane is 
formed by the sustentacular cells (see 
below). 

9. The layer of rods and cones (Jacob’s 
membrane!').—The elements composing this 
layer are of two types, rods and cones, the 
former being much more numerous than 
the latter, except in the macula (Figs. 13-22; 
13-23). 

The rods are cylindrical, 40 to 60 p» long, 
2 » thick and arranged perpendicular to the 
surface. Each rod consists of an outer and an 
inner segment of about equal length. The 
outer segment is more slender than the inner 
segment, is strongly refractive and has trans- 
verse Striae; it tends to break up into a num- 
ber of thin discs superimposed on one an- 
other. It also exhibits faint longitudinal 
markings. The inner part of the inner seg- 
ment is indistinctly granular and is called 
the myoid; its outer part presents a longitu- 
dinal striation and represents the ellip- 
soid, which is composed of fine, bright, 
highly refracting fibrils. The visual purple or 
rhodopsin, found in the outer segments, 
gives a purple or reddish color in a dark- 
adapted eye, and is the pigment for detection 
of low light intensity. 

The cones are conical or flask-shaped; 
their broad ends rest upon the external lim- 
iting membrane, and the narrow, pointed 
extremity is turned to the choroid. Like the 
rods, each is made up of two segments, outer 
and inner; the outer segment is a short coni- 
cal process, which, like the outer segment of 
the rod, exhibits transverse striae. The inner 
segment resembles the inner segment of the 
rods in structure, but it has a larger, thicker 
ellipsoid and a bulging deep granular part. 
The pigment in the outer segment of the 
cones is iodopsin, which is for color vision. 

10. The pigmented layer consists of a sin- 
gle stratum of cells. When viewed from the 
outer surface, these cells are smooth and 
hexagonal; when seen in section, each cell 
consists of an outer nonpigmented part con- 
taining a large oval nucleus and an inner pig- 
mented portion that extends as a series of 
straight thread-like processes between the 
rods, especially when the eye is exposed to 
light. In the eyes of albinos, the cells of this 
layer have no pigment. 


‘Arthur Jacob (1790-1874): Irish ophthalmologist and 
anatomist (Dublin). 


1301 


SUPPORTING FRAMEWORK OF THE RETINA. 
The neural layers of the retina are con- 
nected by a supporting framework formed 
by the sustentacular fibers of Miller; these 
fibers pass through all the neural layers 
except that of the rods and cones. Each be- 
gins on the inner surface of the retina by an 
expanded, often forked base, which some- 
times contains a spheroidal body that stains 
deeply with hematoxylin. The edges of the 
bases of adjoining fibers unite to form the 
internal limiting membrane. As the fibers 
pass through the nerve fiber and ganglionic 
layers, they give off a few lateral branches; 
in the inner nuclear layer they give off nu- 
merous lateral processes for the support of 
the bipolar cells, while in the outer nuclear 
layer they form a network around the rod 
and cone fibrils, and unite to form the exter- 
nal limiting membrane at the bases of the 
rods and cones. At the level of the inner nu- 
clear layer, each sustentacular fiber contains 
a Clear oval nucleus. 

MACULA AND FOVEA CENTRALIS. In the mac- 
ula, the nerve fibers are wanting as a contin- ° 
uous layer, the ganglionic layer consists of 
several strata of cells, and the rods are lack- 
ing. The cones are longer and narrower than 
in other parts, and in the outer nuclear layer 
there are only cone nuclei, the processes of 
which are very long and arranged in curved 
lines. 

In the fovea centralis, the only parts pres- 
ent are (1) the cones; (2) the outer nuclear 
layer, the cone fibers of which are directed 
almost horizontally; (3) an exceedingly thin 
inner plexiform layer. The pigmented layer 
is thicker and its pigment more pronounced 
than elsewhere. The color of the macula 
seems to imbue all the layers except that of 
the cones; it is a rich yellow and deepest 
toward the center of the macula. 

ORA SERRATA. At the ora serrata (Fig. 13- 
18), the neural layers of the retina end ab- 
ruptly, and the retina continues onward as a 
single layer of columnar cells covered by the 
pigmented layer. This double layer is known 
as the pars ciliaris retinae, and can be traced 
forward from the ciliary processes on to the 
back of the iris, where it is termed the pars 
iridica retinae. 


VESSELS. Thecentral retinal artery (Fig. 13-19) 
and its accompanying vein pierce the optic nerve 
and enter the bulb of the eye through the porus 
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opticus. The artery immediately bifurcates into an 
upper and a lower branch, and each of these again 
divides into a medial or nasal and a lateral or tempo- 
ral branch. These branches first run between the 
hyaloid membrane and the neural layer, but they 
soon enter the neural layer and pass anteriorly, di- 
viding dichotomously. From these branches a min- 
ute capillary plexus is given off that does not extend 
beyond the inner nuclear layer. The macula receives 
two small branches (superior and inferior macular 
arteries) from the temporal branches and small twigs 
directly from the central artery; these do not, how- 
ever, reach as far as the fovea centralis, which has 
no blood vessels. The branches of the central retinal 
artery do not anastomose with each other—in other 
words, they are terminal arteries. In the fetus, a 
small vessel, the Aya/oid artery, passes forward as a 
continuation of the central retinal artery through the 
vitreous humor to the posterior surface of the cap- 
sule of the lens. 


REFRACTING MEDIA 
The refracting media are five: 


Cornea (see p. 1292) 
Aqueous humor 
Vitreous body 
Zonula ciliaris 
Crystalline lens 


Aqueous Humor 


The aqueous humor fills the anterior and 
posterior chambers. It is small in quantity, 
has an alkaline reaction, and consists mainly 
of water. The aqueous humor is secreted by 
the ciliary process. The fluid passes through 
the posterior chamber and the pupil into the 
anterior chamber. From the angle of the an- 
terior chamber it passes into the spaces of 
Fontana to the pectinate villi, through which 
itis filtered into the venous canal of Schlemm. 


Vitreous Body 


The vitreous body fills the concavity of the 
pars optica retinae, to which it is firmly ad- 
herent, especially at the ora serrata. It 1s 
transparent, semigelatinous, and is hollowed 
anteriorly for the lens. Some indications of 
the hyaloid canal between the optic nerve 
and lens may persist. 

No blood vessels penetrate the vitreous 
body, so that its nutrition must be carried on 
by vessels of the retina and ciliary processes, 
situated upon its exterior. 


Zonula Ciliaris 


The zonula ciliaris (zonule of Zinn,’ sus- 
pensory ligament of the lens) consists of a 
series of straight fibrils that radiate from the 
ciliary body to the lens. It is attached to the 
capsule of the lens a short distance anterior 
to its equator. Scattered delicate fibers are 
also attached to the region of the equator it- 
self. This ligament retains the lens in posi- 
tion, and is relaxed by the contraction of the 
meridional fibers of the ciliary muscle, so 
that the lens is allowed to become more con- 
vex. Posterior to the suspensory ligament 
there is a sacculated canal, the spatia 
zonularia (canal of Petit®), which encircles 
the equator of the lens; it can be easily in- 
flated through a fine blowpipe inserted 
under the suspensory ligament. 


Crystalline Lens 


The crystalline lens, enclosed in its cap- 
sule, is situated immediately between the 
iris and the vitreous body and is encircled 
by the ciliary processes, which slightly over- 
lap its margin. 

The capsule of the lens (capsula lentis) is 
a transparent, structureless membrane that 
closely surrounds the lens and is thicker in 
front than behind. It is brittle but highly 
elastic, and when ruptured the edges roll up, 
with the outer surface innermost. It rests in 
the hyaloid fossa in the anterior part of the 
vitreous body posteriorly and is in contact 
with the free border of the iris anteriorly, 
but recedes from it at the circumference, 
thus forming the posterior chamber of the 
eye. It is retained in its position chiefly by 
the suspensory ligament of the lens, already 
described. 

The lens is a transparent, biconvex body; 
the convexity of its anterior surface is less 
than that of its posterior surface. The central 
points of these surfaces are termed, respec- 
tively, the anterior and posterior poles; a 
line connecting the poles constitutes the axis 
of the lens, while the marginal circumfer- 
ence is termed the equator. 


‘Johann Gottfried Zinn (1727-1759): A German physician 
and botanist (G6ttingen). 

2Frangois Pourfour du Petit (1664-1741): French surgeon 
and anatomist (Paris). 


STRUCTURE OF THE LENS 


The lens is made up of a soft cortical sub- 
stance and a firm, central part, the nucleus 
(Fig. 13-25), Faint lines (radii lentis) radiate 
from the poles to the equator. In the adult 
there may be six or more of these lines, but 
in the fetus there are only three, and they 
diverge from each other at angles of 120° 
(Fig. 13-26). On the anterior surface, one line 
ascends vertically and the other two diverge 
downward; on the posterior surface, one ray 
descends vertically and the other two di- 
verge upward. They correspond with the 
free edges of an equal number of septa that 
are composed of an amorphous substance. 
These septa dip into the substance of the 
lens and mark the interruptions of a series of 
concentrically arranged laminae (Fig. 13-25). 
Each lamina is built up of a number of hex- 
agonal, ribbon-like lens fibers, the edges of 
which are more or less serrated. The serra- 
tions fit between those of neighboring fibers, 
while the ends of the fibers come into appo- 
sition at the septa. The fibers run in a curved 
manner from the septa on the anterior sur- 
face to those on the posterior surface. No fi- 
bers pass from pole to pole; they are ar- 
ranged in such a way that those beginning 
near the pole on one surface of the lens end 
near the peripheral extremity of the plane 
on the other, and vice versa. The fibers of the 
outer layers of the lens are nucleated, and 
together they form a nuclear layer, most dis- 
tinct toward the equator. The anterior sur- 
face of the lens is covered by a layer of 
transparent, columnar, nucleated epithe- 
lium. At the equator the cells become elon- 
gated, and their gradual transition into lens 
fibers can be traced (Fig. 13-27). 

In the fetus, the lens is nearly spherical, 
and has a slightly reddish tint; it is soft and 
breaks down readily on the slightest pres- 





Fig. 13-25. The crystalline lens, hardened and divided. 
(Enlarged.) 
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Fig. 13-26. Diagram showing the direction and ar- 
rangement of the radiating lines on the front and back of 
the fetal lens. A, From the front. B, From the back. 


sure. A small branch from the central retinal 
artery runs forward, as already mentioned, 
through the vitreous body to the posterior 
part of the capsule of the lens, where its 
branches radiate and form a plexiform net- 
work that covers the posterior surface of the 
capsule. The branches are continuous 
around the margin of the capsule with the 
vessels of the pupillary membrane and with 
those of the iris. In the adult, the lens is col- 
orless, transparent, firm, and devoid of ves- 
sels. In old age it becomes flattened on both 
surfaces and slightly opaque, has an amber 
lint, and increases in density (Fig. 13-28). 


VESSELS AND NERVES OF THE BULB (Fig. 13-15). 
The arteries of the eye are the long, short, and ante- 
rior ciliary arteries and the central retinal artery. 
They have already been described (see p. 688). 

The ciliary veins are seen on the outer surface of 
the choroid and are named, because of their ar- 
rangement, the venae vorticosae (Fig. 13-16). The 
veins converge to four or five equidistant trunks that 
pierce the sclera midway between the sclerocorneal 
junction and the porus opticus. Another set of veins 
accompanies the anterior ciliary arteries. All these 
veins open into the ophthalmic veins. 

The ciliary nerves are derived from the nasociliary 
nerve and from the ciliary ganglion. 


ACCESSORY ORGANS OF THE EYE 


The accessory organs of the eye include 
the ocular muscles, the fasciae, the eye- 
brows, the eyelids, the conjunctiva, and the 
lacrimal apparatus. 


Ocular Muscles 
The ocular muscles are: 
Levator palpebrae superioris 


Rectus superior 
Rectus inferior 
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FiG. 13-27. Section through the margin of the lens, 
showing the transition of the epithelium into the lens 
fibers. (Babuchin.) 


Rectus medialis 
Rectus lateralis 
Obliquus superior 
Obliquus inferior 


The levator palpebrae superioris (Fig. 
13-29) is a thin, flat muscle arising from the 
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Fig. 13-28. Profile views of the lens at different periods 
of life. 1. In the fetus. 2. In adult life. 3. In old age. 


inferior surface of the small wing of the 
sphenoid, where it is separated from the 
optic foramen by the origin of the rectus 
superior. At its origin it is narrow and tendi- 
nous, but it becomes broad and fleshy and 
ends anteriorly in a wide aponeurosis that 
splits into three lamellae. The superficial 
lamella blends with the superior part of the 
orbital septum, and is prolonged over the 
superior tarsus to the palpebral part of the 
orbicularis oculi and to the deep surface of 
the skin of the upper eyelid. The middle 
lamella, largely made up of nonstriated mus- 
cular fibers, is inserted into the superior 
margin of the superior tarsus, while the 
deepest lamella blends with an expansion 
from the sheath of the rectus superior and 
with it is attached to the superior fornix of 
the conjunctiva. 

The four recti muscles (Fig. 13-30) arise 
from a fibrous ring (anulus tendineus com- 
munis) that surrounds the superior, medial, 
and inferior margins of the optic foramen 
and encircles the optic nerve (Fig. 13-31). 
The ring is completed by a tendinous bridge 
prolonged over the inferior and medial part 
of the superior orbital fissure and attached 
to atubercle on the margin of the great wing 
of the sphenoid, bounding the fissure. Two 
specialized parts of this fibrous ring may be 
made out: a lower, the ligament or tendon of 
Zinn, which gives origin to the rectus infe- 
rior, part of the rectus medialis, and the 
lower head of origin of the rectus lateralis; 
and an upper part which gives origin to the 
rectus superior, the rest of the rectus medi- 
alis, and the upper head of the rectus later- 
alis. This upper band is sometimes termed 
the superior tendon of Lockwood.' Each 
muscle passes anteriorly in the position im- 
plied by its name, to be inserted by a tendi- 


'Charles Barrett Lockwood (1856-1914): An English sur- 
geon (London). 
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Fic. 13-29. Sagittal section of the right orbital cavity. 


nous expansion into the sclera, about 6mm 
from the margin of the cornea. Between the 
two heads of the rectus lateralis is a narrow 
interval through which pass the two divi- 
sions of the oculomotor nerve, the nasocil- 
iary nerve, the abducens nerve, and the oph- 
thalmic vein. Although these muscles have a 
common origin and are inserted in a similar 
manner into the sclera, there are certain dif- 
ferences between their length and breadth. 
The rectus medialis is the broadest, the rec- 
tus lateralis the longest, and the rectus supe- 
rior the thinnest and narrowest. 

The obliquus superior oculi (superior 
oblique) is a fusiform muscle placed at the 
superior and medial side of the orbit. It 
arises immediately above the margin of the 
optic foramen, superior and medial to the 
origin of the rectus superior, and passing 
anteriorly, it ends in a rounded tendon that 
plays in a fibrocartilaginous ring or pulley 
attached to the trochlear fovea of the frontal 
bone. The contiguous surfaces of the tendon 
and ring are lined by a delicate synovial 
sheath and are enclosed in a thin fibrous 


investment. The tendon bends around the 
pulley at more than a right angle, passes be- 
neath the rectus superior to the lateral part 
of the bulb of the eye, and is inserted into the 
sclera, posterior to the equator of the eye- 
ball; the insertion of the muscle lies between 
the rectus superior and the rectus lateralis. 
The obliquus inferior oculi (inferior 
oblique) is a thin, narrow muscle placed near 
the anterior margin of the floor of the orbit. 
It arises from the orbital surface of the max- 
illa, lateral to the lacrimal groove. Passing 
lateralward, at first between the rectus infe- 
rior and the floor of the orbit and then be- 
tween the bulb and the rectus lateralis, it is 
inserted into the lateral part of the sclera 
between the rectus superior and the rectus 
lateralis, near but somewhat posterior to the 
insertion of the obliquus superior. 


NERVES. The levator palpebrae superioris, the 
obliquus inferior, and the recti superior, inferior, and 
medialis are supplied by the oculomotor nerve; the 
obliquus superior is supplied by the trochlear nerve, 
and the rectus lateralis, by the abducens nerve (Fig. 
ia-3. 1). 
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Fic. 13-30. Muscles of the right orbit. 


Levator palpebrae 


Frontal nerve Nasociliary nerve 
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Fig. 13-31. Dissection showing origins of right ocular muscles and the nerves entering the orbit through the superior 
orbital fissure. 


AcTIONS. The levator palpebrae rasses the upper 
eyelid and is the direct antagonist of the orbicularis 
oculi. The four recti are attached to the bulb of the 
eye in such a manner that, acting singly, they turn 
its corneal surface in the direction corresponding to 
their names. The movement produced by the rectus 
superior or rectus inferior is not a simple one be- 
cause the axis of the orbit, and hence their direction 
of pull, diverges from the median plane, causing 
their pull to be accompanied by a certain deviation 
medialward, with a slight amount of rotation. These 
latter movements are corrected by the obliqui; the 
obliquus inferior corrects the medial deviation 
caused by the rectus superior and the obliquus supe- 
rior corrects the deviation caused by the rectus infe- 
rior. The contraction of the rectus lateralis or rectus 
medialis, on the other hand, produces a purely hori- 
zontal movement. If any two neighboring recti of 
one eye act together, they carry the globe of the eye 
diagonally in these directions: upward and medial- 
ward, upward and lateralward, downward and 
medialward, or downward and lateralward. Some- 
times the corresponding recti of the two eyes 
act in unison, and at other times the opposite recti 
act together. Thus, in turning the eyes to the right, 
the rectus lateralis of the right eye will act in unison 
with the rectus medialis of the left eye, but if both 
eyes are directed to an object in the midline at a 
short distance, the two recti mediales will act in unt- 
son. The movement of circumduction, as in looking 
around a room, is performed by the successive ac- 
tions of the four recti. The obliqui rotate the eyeball 
on its anteroposterior axis, the superior muscle di- 
recting the cornea downward and lateralward, and 
the inferior muscle directing it upward and lateral- 
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ward. These movements are required for the 
correct viewing of an object when the head is moved 
laterally, as from shoulder to shoulder, in order that 
the picture may fall in all respects on the same part 
of the retina of either eye. 


A layer of nonstriped muscle, the orbitalis 
muscle (of H. Muller), bridges the inferior 
orbital fissure. 


Fasciae and Ligaments 


The fascia bulbi (vagina bulbi; capsule of 
Tenon) (Fig. 13-32) is a thin membrane that 
envelops the eyeball from the optic nerve to 
the ciliary region, separating it from the or- 
bital fat and forming a socket in which it 
plays. Its inner surface is smooth and is sep- 
arated from the outer surface of the sclera by 
the periscleral fascial cleft. This space be- 
tween the fascia and sclera (spatium inter- 
vaginale) is continuous with the subdural 
and subarachnoid cavities; it is traversed by 
delicate bands of connective tissue that ex- 


tend between the fascia and the sclera. The ° 


fascia is perforated by the ciliary vessels and 
nerves, and it fuses with the sheath of the 
optic nerve and with the sclera around the 
lamina cribrosa. Anteriorly it blends with 
the ocular conjunctiva, with which it is at- 
tached to the ciliary region of the bulb. 
The fascia bulbi is prolonged over tendons 


/, Orbital septum 


Vagina bulbi 
Fornix conjunctivae 


— Vagina bulbi 
~~ Check ligament 
- Orbital septum 


Fic. 13-32. Fascia bulbi (capsule of Tenon). Sagittal section, semidiagrammatic. (Redrawn from Surgical Anatomy of 
the Human Body by J. B. Deaver, P. Blakiston’s Son & Co., 1926.) 
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of the individual ocular muscles as a tubular 
sheath (fascia musculares). The sheath of 
the tendon of the obliquus superior is Car- 
ried as far as the fibrous pulley of that mus- 
cle; the sheath of the obliquus inferior 
reaches as far as the floor of the orbit, to 
which it gives off a slip. The sheaths of the 
recti are gradually lost in the perimysium, 
but they give off important expansions. The 
expansion from the rectus superior blends 
with the tendon of the levator palpebrae; 
that of the rectus inferior is attached to the 
inferior tarsus. The expansions from the 
sheaths of the recti medialis and especially 
the rectus lateralis are strong and are at- 
tached to the lacrimal and zygomatic bones 
respectively. As they probably check the 
actions of the two recti, these structures 
have been named the medial and lateral 
check ligaments. A thickening of the lower 
part of the fascia bulbi, named the suspen- 
sory ligament of the eye, is slung like a ham- 
mock below the eyeball, and is expanded in 
the center and narrow at the ends, and at- 
tached to the zygomatic and lacrimal bones 
respectively. 

The periorbita is the name given to the 
periosteum of the orbit. It is loosely con- 
nected to the bones and can be readily sepa- 
rated from them. It is continuous with the 
dura mater by processes that pass through 
the optic foramen and superior orbital fis- 
sure and with the sheath of the optic nerve. 
At the margin of the orbit, a process from the 
periorbita assists in forming the orbital sep- 
tum. The periorbita has two other processes: 
one to enclose the lacrimal gland, the other 
to hold the pulley of the obliquus superior in 
position. 

The orbital septum (palpebral ligament) 
(Fig. 13-32) is a membranous sheet that is 
continuous with the part of the periorbita 
that is attached to the edge of the orbit. In 
the upper eyelid, the orbital septum blends 
by its peripheral circumference with the ten- 
don of the levator palpebrae superioris and 
the superior tarsus; in the lower eyelid, the 
orbital septum blends with the inferior tar- 
sus . Medially it is thin, and after separating 
from the medial palpebral ligament, it is 
fixed to the lacrimal bone immediately be- 
hind the lacrimal sac. The septum is perfo- 
rated by the vessels and nerves that pass 
from the orbital cavity to the face and scalp. 
The eyelids are richly supplied with blood. 


Eyebrows 


The eyebrows (supercilia) are two arched 
eminences that surmount the superior mar- 
gins of the orbits. The eyebrows consist of 
thickened integument that is connected be- 
neath with the orbicularis oculi, corrugator, 
and frontalis muscles. They support numer- 
ous short, thick hairs. 


Eyelids 


The eyelids (palpebrae) are two thin, mov- 
able covers placed in front of the eye that 
protect it from injury by their closure. The 
upper eyelid is larger and more movable 
than the lower, and is furnished with an ele- 
vator muscle, the levator palpebrae superi- 
oris. When the eyelids are open, an elliptical 
space, the palpebral fissure (rima palpebra- 
rum), is left between their margins, the angles 
of which correspond to the junctions of the 
upper and lower eyelids. These angles are 
called the palpebral commissures or canthi. 

The lateral palpebral commissure (exter- 
nal or lateral canthus) is more acute than 
the medial commissure, and the eyelids here 
lie in close contact with the bulb of the eye. 
The medial palpebral commissure (internal 
or medial canthus) is prolonged for a short 
distance toward the nose, and the two eye- 
lids are separated by a triangular space, the 
lacus lacrimalis (Fig. 13-37). At the basal 
angles of the lacus lacrimalis, on the margin 
of each eyelid, is a small conical elevation, 
the lacrimal papilla, the apex of which is 
pierced by a small orifice, the punctum 
lacrimale. This opening is the commence- 
ment of the lacrimal duct. 

STRUCTURE OF THE EYELIDS. (Fig. 13-33). 
The eyelids are composed of the following 
structures, from outer to inner surfaces: in- 
tegument, areolar tissue, fibers of the orbi- 
cularis oculi, tarsus, orbital septum, tarsal 
glands, and conjunctiva. The upper eyelid, 
in addition, has the aponeurosis of the leva- 
tor palpebrae superioris (Fig. 13-34). 

The integument is extremely thin and con- 
tinuous at the margins of the eyelids with the 
conjunctiva. 

The subcutaneous areolar tissue is lax, 
delicate, and seldom contains any fat. 

The palpebral fibers of the orbicularis 
oculi are thin, pale, and have an involuntary 
as well as a voluntary action. 
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Fic. 13-33. Sagittal section through the upper eyelid. 
(After Waldeyer.) a, Skin. b, Orbicularis oculi. b’, Mar- 
ginal fasciculus of orbicularis (ciliary bundle). c, Levator 
palpebrae. d, Conjunctiva. e, Tarsus. f, Tarsal gland. g, 
Ciliary gland. h, Eyelashes. i, -Small hairs of skin. j, 
Sweat glands. k, Posterior tarsal glands. 
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The tarsi (tarsal plates) (Fig. 13-34) are 
two thin, elongated plates of dense connec- 
tive tissue about 2.5 cm long; one is placed in 
each eyelid and contributes to its form and 
support. The superior tarsus, the larger, is 
semilunar, about 10mm in breadth at the 
center, and gradually narrows toward its 
extremities. To the anterior surface of this 
plate the aponeurosis of the levator palpebrae 
superioris is attached. The inferior tarsus, 
the smaller plate, is thin, elliptical, and has a 
vertical diameter of about 5mm. The free or 
ciliary margins of these plates are thick and 
straight. The attached or orbital margins are 
connected to the circumference of the orbit 
by the orbital septum. The lateral angles are 
attached to the zygomatic bone by the lateral 
palpebral raphe. The medial angles of the 
two plates end at the lacus lacrimalis and are 
attached to the frontal process of the maxilla 
by the medial palpebral ligament. 

EYELASHES. ‘The eyelashes (cilia) are at- 
tached to the free edges of the eyelids; they 
are short, thick, curved hairs, arranged in a 
double or triple row: those of the upper eye- 
lid, more numerous and longer than those of 
the lower, curve upward; those of the lower 
eyelid curve downward, so that they do not 
interlace when the lids are closed. Near the 
attachment of the eyelashes are the openings 
of the ciliary glands, which are arranged in 
several rows close to the free margin of the 
lid. These are regarded as enlarged and mod- 
ified sudoriferous glands. 
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Fic. 13-34. The tarsi and their ligaments. Right eye; anterior view. 
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TARSAL GLANDS. The tarsal glands (Meibo- 
mian! glands) (Figs. 13-35; 13-36) are situated 
on the inner surfaces of the eyelids between 
the tarsi and conjunctiva. They may be seen 
distinctly through the conjunctiva when the 
eyelids are everted, having an appearance 
similar to parallel strings of pearls. There are 
about 30 glands in the upper eyelid and 
somewhat fewer in the lower. They are em- 
bedded in grooves in the inner surfaces of 
the tarsi and correspond in length with the 
breadth of these plates; they are, conse- 
quently, longer in the upper than in the 
lower eyelid. Their ducts open on the free 
margins of the lids by minute apertures. 

STRUCTURE OF THE TARSAL GLANDS. The 
tarsal glands are modified sebaceous glands; 
each consists of a single straight tube or fol- 
licle with numerous small lateral divertic- 
ula. The tubes are supported by a basement 
membrane and are lined at their mouths by 
stratified epithelium; the deeper parts of the 
tubes and the lateral offshoots are lined by a 
layer of polyhedral cells. 


Conjunctiva 


The conjunctiva is the mucous membrane 
of the eye. It lines the inner surfaces of the 
eyelids or palpebrae and is reflected over the 
anterior part of the sclera. 

The palpebral portion (tunica conjunctiva 
palpebrarum) is thick, opaque, highly vascu- 
lar, and covered with numerous papillae; the 
deeper part has a considerable amount of 


1Heinrich Meibom (1638-1700): A German physician and 
anatomist (Helmstadt). 
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FiG. 13-35. The tarsal glands seen from the inner sur- 
face of the eyelids. 
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Fic. 13-36. Anterior view of left eye with eyelids sepa- 
rated to show medial canthus. 


lymphoid tissue. At the margins of the lids, 
the conjunctiva becomes continuous with 
the lining membrane of the ducts of the tar- 
sal glands; through the lacrimal ducts, it is 
continuous with the lining membrane of the 
lacrimal sac and nasolacrimal duct. At the 
lateral angle of the upper eyelid, the ducts of 
the lacrimal gland open on the free surface 
of the conjunctiva, and at the medial angle it 
forms a semilunar fold, the plica semilunaris 
(Fig. 13-36). The line of reflection of the con- 
junctiva from the upper eyelid onto the bulb 
of the eye is named the superior fornix, and 
that from the lower lid is named the inferior 
fornix. 

The bulbar portion (tunica conjunctiva 
bulbi) of the conjunctiva is loosely con- 
nected over the sclera; it is thin, transparent, 
destitute of papillae, and only slightly vascu- 
lar. At the circumference of the cornea, the 
conjunctiva becomes the epithelium of the 
cornea, already described (see p. 1295). Lym- 
phatics arise in the conjunctiva in a delicate 
zone around the cornea; these vessels run to 
the scleral conjunctiva. Lymphoid follicles 
are found in the conjunctiva, chiefly near the 
medial palpebral commissure. They were 
first described by Bruch’, in his description 
of Peyer's patches’ of the small intestine, as 
“identical structures existing in the under 
eyelid of the ox.” 


1Carl Wilhelm Ludwig Bruch (1819-1884): A German 
anatomist (Basel and Giessen). 

2}ohann Conrad Peyer (1653-1712): Swiss anatomist and 
logician (Schaffhausen). 


In and near the fornices, but more plenti- 
ful in the upper than in the lower eyelid, sev- 
eral convoluted tubular glands open on the 
surface of the conjunctiva. 

CARUNCULA LACRIMALIS. The caruncula 
lacrimalis is a small, reddish protuberance 
situated at the medial palpebral commissure 
and filling up the lacus lacrimalis. It consists 
of a small island of skin containing seba- 
ceous and sudoriferous glands, and it is the 
source of the whitish secretion that con- 
stantly collects in this region. A few slender 
hairs are attached to its surface. Lateral to 
the caruncula is a slight semilunar fold of 
conjunctiva, the concavity of which is di- 
rected toward the cornea; this is called the 
plica semilunaris. Smooth muscular fibers 
have been found in this fold, and in some of 
the domesticated animals it contains a thin 
plate of cartilage. 


NERVES. The nerves in the conjunctiva are nu- 
merous and form rich plexuses. They appear to 
terminate in a peculiar form of tactile corpuscle 
called terminal bulbs. 
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Lacrimal Apparatus 


The lacrimal apparatus (Fig. 13-37) con- 
sists of (a) the lacrimal gland, which secretes 
the tears, and its excretory ducts, which con- 
vey the fluid to the surface of the eye; and (b) 
the lacrimal ducts, the lacrimal sac, and the 
nasolacrimal duct, by which the fluid is con- 
veyed into the cavity of the nose. 

LACRIMAL GLAND. The lacrimal gland (Figs. 
13-34; 13-35) is superior and lateral to the 
bulb and is lodged in the lacrimal fossa on 
the medial side of the zygomatic process of 
the frontal bone. It is oval, about the size and 
shape of an almond, and consists of two por- 
tions. The orbital part (pars orbitalis; supe- 
rior lacrimal gland) is connected to the peri- 
osteum of the orbit by a few fibrous bands 
and rests upon the tendons of the recti 
superioris and lateralis, which separate it 
from the bulb of the eye. The palpebral part 
(pars palpebralis; inferior lacrimal gland) is 
separated from the orbital part by a fibrous 
septum and projects into the back part of the 
upper eyelid, where its deep surface is re- 
lated to the conjunctiva. The ducts of the 
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Fic. 13-37. Topography of the lacrimal apparatus. The lacrimal and tarsal glands are shown in blue. The nose and a 
portion of the face have been cut away. (Eycleshymer and Jones.) 
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glands, numbering six to twelve, run ob- 
liquely beneath the conjunctiva for a short 
distance and open along the upper and |at- 
eral half of the superior conjunctival fornix. 

tacRimat Ducts. The lacrimal ducts (lac- 
rimal canals), one in each eyelid, commence 
at minute orifices, termed puncta lacrimalia, 
on the summits of the papillae lacrimales, 
which are on the margins of the lids at the 
lateral extremity of the lacus lacrimalis. The 
superior duct, the smaller and shorter of the 
two, at first ascends and then bends at an 
acute angle and passes medialward and 
downward to the lacrimal sac. The inferior 
duct at first descends and then runs almost 
horizontally to the lacrimal sac. At the an- 
gles they are dilated into ampullae; their 
walls are dense, and their mucous lining is 
covered by stratified squamous epithelium 
placed on a basement membrane. Outside 
the basement membrane is a layer of striped 
muscle that is continuous with the lacrimal 
part of the orbicularis oculi; at the base of 
each lacrimal papilla the muscular fibers are 
circularly arranged and form a kind of 
sphincter. 

tacRimat sac. The lacrimal sac is the 
upper dilated end of the nasolacrimal duct. 
It is lodged in a deep groove formed by the 
lacrimal bone and the frontal process of the 
maxilla. It is oval and measures 12 to 15 mm 
long; its upper end is closed and round, and 
its lower end continues into the nasolacrimal 
duct. The superficial surface of the lacrimal 
sac is covered by a fibrous expansion de- 
rived from the medial palpebral ligament, 
and its deep surface is crossed by the lacri- 
mal part of the orbicularis oculi (p. 441), 
which is attached to the crest on the lacrimal 
bone. 

NASOLACRIMAL DUCT. The nasolacrimal 
duct (nasal duct) is a membranous canal, 
about 18mm long, that extends from the 
lower part of the lacrimal sac to the inferior 
meatus of the nose, where it ends in a some- 
what expanded orifice that is provided with 
an imperfect valve, the plica lacrimalis 
(Hasneri'), which is formed by a fold of the 
mucous membrane. The nasolacrimal duct is 
contained in an osseous canal that is formed 
by the maxilla, the lacrimal bone, and the 
inferior nasal concha. It is narrower in the 
middle than at either end, and is directed 
downward, backward, and a little lateral- 


‘Joseph Ritter von Artha Hasner (1819-1892): A Bohe- 
mian ophthalmologist (Prague). 


ward. The mucous lining of the lacrimal sac 
and nasolacrimal duct is covered with co- 
lumnar epithelium, which is ciliated in 
places. 

STRUCTURE OF THE LACRIMAL GLAND. In 
structure and general appearance the lacri- 
mal gland resembles the serous salivary 
glands. 

STRUCTURE OF THE LACRIMAL Sac. The lac- 
rimal sac consists of a fibrous elastic coat 
that is lined internally by mucous mem- 
brane. The mucous membrane is continuous 
through the lacrimal ducts with the conjunc- 
tiva, and through the nasolacrimal duct with 
the mucous membrane of the nasal cavity. 


Organ of Hearing 
and Equilibration: 


The Ear 
The ear (organum_ vestibulocochleare; 
organum ofticum; organum_ stato-acous- 


ticum), or organ of hearing and equilibra- 
tion, is divisible into three parts: the external 
ear, the middle ear or tympanic cavity, and 
the internal ear or labyrinth. 


DEVELOPMENT 


The first rudiment of the internal ear ap- 
pears shortly after that of the eye in the form 
of a patch of thickened ectoderm, the audi- 
tory plate, over the region of the hindbrain. 
The auditory plate becomes depressed and 
converted into the auditory pit (Fig. 13-38). 
The mouth of the pit is then closed, and the 
auditory vesicle is formed (Fig. 13-39); from 
this the epithelial lining of the membranous 
labyrinth is derived. From the vesicle certain 
diverticula are given off that form the var- 
ious parts of the membranous labyrinth (Figs. 
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Fic. 13-38. Section through the head of a human em- 
bryo, about 12 days old. in the region of the hindbrain. 
(Kollmann.) 
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Fig. 13-39. Section through hindbrain and auditory 
vesicles of an embryo more advanced than that of Figure 
13-38. (After His.) 


13-40; 13-41). One from the middle part forms 
the ductus and saccus endolymphaticus; 
another from the anterior end gradually 
elongates, and forming a tube coiled on it- 
self, becomes the cochlear duct, the vestibu- 
lar extremity of which is subsequently con- 
stricted to form the canalis reuniens. Three 
other diverticula appear as disc-like evagi- 
nations on the surface of the vesicle. The 
central parts of the walls of the discs coa- 
lesce and disappear, while the peripheral 
portions persist to form the semicircular 
ducts; of these, the anterior is the first and 
the lateral is the last to be completed. The 
central part of the vesicle represents the 
membranous vestibule, and this is subdi- 
vided by a constriction into a smaller ventral 
part, the saccule, and a larger dorsal and 
posterior part, the utricle. This subdivision 
is effected by a fold that extends deeply into 
the proximal part of the ductus endolym- 
phaticus, so that the utricle and saccule ulti- 
mately communicate with each other by 
means of a Y-shaped canal. The saccule 
opens into the cochlear duct through the 
canalis reuniens, and the semicircular ducts 
communicate with the utricle. 

The mesodermal tissue surrounding the 
various parts of the epithelial labyrinth is 
converted into a cartilaginous capsule, and 
this is finally ossified to form the bony laby- 
rinth. Between the cartilaginous capsule and 
the epithelial structures is a stratum of meso- 
dermal tissue that is differentiated into three 
layers: an outer layer, which forms the peri- 
osteal lining of the bony labyrinth; an inner 
layer, which is in direct contact with the epi- 
thelial structures; and an intermediate layer, 
which consists of gelatinous tissue. The 
perilymphatic spaces are developed by the 
absorption of this gelatinous tissue. The 
modiolus and osseous spiral lamina of 
the cochlea are not preformed in cartilage 
but are ossified directly from connective 
tissue. 
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The middle ear and auditory tube are de- 
veloped from the first pharyngeal pouch. 
The entodermal lining of the dorsal end of 
this pouch is in contact with the ectoderm of 
the corresponding pharyngeal groove; by the 
extension of the mesoderm between these 
two layers, the tympanic membrane forms. 
During the sixth or seventh month, the tym- 
panic antrum appears as an upward and 
backward expansion of the tympanic cavity. 
There is some difference of opinion regard- 
ing the exact mode of development of the 
ossicles of the middle ear. The view gener- 
ally held is that the malleus develops from 
the proximal end of the mandibular (Meck- 
el’s) cartilage (Fig. 2-48); the incus develops 
in the proximal end of the mandibular arch; 
and the stapes develops from the proximal 
end of the hyoid arch. The malleus, with the 
exception of its anterior process, is ossified 
from a single center that appears near the 
neck of the bone; the anterior process is ossi- 
fied separately in membrane and joins the 
main part of the bone about the sixth month | 
of fetal life. The incus is ossified from one 
center that appears in the upper part of its 
long crus and ultimately extends into its len- 
ticular process. The stapes first appears as a 
ring (anulus stapedius) encircling a small 
vessel, the stapedial artery, which subse- 
quently atrophies; it is ossified from a single 
center in its base. 

The external ear and external acoustic 
meatus develop from the first branchial 
groove. The lower part of this groove ex- 
tends inward as a funnel-shaped tube (pri- 
mary meatus), from which the cartilaginous 
portion and a small part of the roof of the 
osseous portion of the meatus are developed. 
From the lower part of the funnel-shaped 
tube, an epithelial lamina extends down- 
ward and inward along the inferior wall of 
the primitive tympanic cavity; by the split- 
ting of this lamina the inner part of the mea- 
tus (secondary meatus) is produced, while 
the inner portion of the lamina forms the 
cutaneous stratum of the tympanic mem- 
brane. 

The auricula or pinna develops by the 
gradual differentiation or tubercles that ap- 
pear around the margin of the first branchial 
groove (see Chapter 2 and Fig. 2-57). 

The acoustic nerve rudiment appears 
about the end of the third week as a group of 
ganglion cells closely applied to the cranial 
edge of the auditory vesicle. Whether these 
cells are derived from the ectoderm adjoin- 
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Fic. 13-40. Lateral views of membranous labyrinth and acoustic complex. 25 x dia. (Streeter.) absorpt. focu, Area of 
wall where absorption is complete; amp., ampulla membranacea; crus, crus commune; d. sc. lat., ductus semicircularis 
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appendix endolymphaticus; rec. utr., recessus utriculi; sacc., sacculus; sac endol., saccus endolymphaticus; sinu utr. 
lat., sinus utriculi lateralis; utric., utriculus; vestib. p., vestibular pouch. 


ing the auditory vesicle or whether they 
have migrated from the wall of the neural 
tube is not yet certain. The ganglion gradu- 
ally splits into two parts: the vestibular gan- 
glion and the spiral ganglion. The peripheral 
branches of the vestibular ganglion pass in 
two divisions; the pars superior gives rami to 


the superior ampulla of the anterior semicir- 
cular duct, to the lateral ampulla, and to the 
utricle; the pars inferior gives rami to the 
saccule and the posterior ampulla. The prox- 
imal fibers of the vestibular ganglion form 
the vestibular nerve; the proximal fibers of 
the spiral ganglion form the cochlear nerve. 
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Fig. 13-41. Median views of membranous labyrinth and acoustic complex in human embryos. 25 x dia. (Streeter.) 


EXTERNAL EAR 


The external ear consists of the expanded 
portion named the auricula or pinna and the 
external acoustic meatus. The former pro- 
jects from the side of the head and collects 
the vibrations of the air by which sound is 
produced; the latter leads inward from the 
bottom of the auricula and conducts the vi- 
brations to the tympanic cavity. 


Auricula 


The auricula or pinna (Fig. 13-42) is ovoid, 
with its larger end directed upward. Its lat- 
eral surface is irregularly concave, directed 
slightly anteriorly, and has numerous emi- 
nences and depressions, to which names 
have been assigned. The prominent rim of the 
auricula is called the helix. Where the helix 
turns inferiorly, a small tubercle, the auricu- 


1 Ca 6 rm ri . LEINDI 









pur ee ' 


sup}? 


Fig 13-42. The auricula, lateral surface. 


lar tubercle of Darwin, is frequently seen; 
this tubercle is evident about the sixth 
month of fetal life, when the whole auricula 
closely resembles that of some adult mon- 
keys. Another curved prominence, parallel 
with and anterior to the helix, is called the 
antihelix; this divides above into two crura, 
between which is a triangular depression, 
the fossa triangularis. The narrow curved 
depression between the helix and the anti- 
helix is called the scapha. The antihelix de- 
scribes a curve around a deep, capacious 
cavity, the concha, which is partially di- 
vided into two parts by the crus or com- 
mencement of the helix; the superior part is 
termed the cymba conchae, and the inferior 
part is called the cavum conchae. Anterior to 
the concha and projecting posteriorly over 
the meatus is a small pointed eminence, the 
tragus, so called because it is generally cov- 
ered on its undersurface with a tuft of hair 
resembling a goat’s beard. Opposite the tra- 
gus and separated from it by the intertragic 
notch is a small tubercle, the antitragus. 
Below this is the lobule, which is composed 
of areolar and adipose tissues and lacks the 
firmness and elasticity of the rest of the auricula. 

The cranial surface of the auricula pres- 
ents elevations that correspond to the de- 
pressions on its lateral surface, after which 
they are named, e.g., eminentia conchae, 
eminentia triangularis. 


STRUCTURE OF THE AURICULA 


The auricula is composed of a thin plate of 
yellow elastic cartilage covered with integu- 
ment; it is connected to the surrounding 


parts by ligaments and muscles and to the 
commencement of the external acoustic 
meatus by fibrous tissue. 

INTEGUMENT. ‘The skin is thin, closely 
adherent to the cartilage, and covered with 
fine hairs furnished with sebaceous glands, 
which are most numerous in the concha and 
scaphoid fossa. On the tragus and antitragus, 
the hairs are strong and numerous. The skin 
of the auricula is continuous with that lining 
the external acoustic meatus. 

CARTILAGE. The cartilage of the auricula 
(cartilago auriculae; cartilage of the pinna) 
(Figs. 13-42; 13-43) consists of a single piece; 
it gives form to this part of the ear, and upon 
its surface are found the eminences and de- 
pressions just described. It is absent from 
the lobule; it is also deficient between the 
tragus and beginning of the helix, the gap 
being filled by dense fibrous tissue. At the 
front of the auricula, where the helix bends 
upward, is a small projection of cartilage 
called the spina helicis; in the lower part of 
the helix, the cartilage is prolonged down- 
ward as a tail-like process, the cauda helicis; 
this is separated from the antihelix by a 
fissure, the fissura antitragohelicina. The 
cranial aspect of the cartilage exhibits a 
transverse furrow, the sulcus antihelicis 
transversus, which corresponds with the 
inferior crus of the antihelix and separates 
the eminentia conchae from the eminentia 
triangularis. The eminentia conchae is 
crossed by a vertical ridge (ponticulus), 
which gives attachment to the auricularis 
posterior muscle. In the cartilage of the auri- 
cula are two fissures, one behind the crus 
helicis and another in the tragus. 
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LIGAMENTS. The ligaments of the auricula 
(ligamenta auricularia [Valsalva']; liga- 
ments of the pinna) consist of two sets: (1) 
extrinsic, connecting the auricula to the side 
of the head; (2) intrinsic, connecting various 
parts of the cartilage together. 

The extrinsic ligaments are two, anterior 
and posterior. The anterior ligament ex- 
tends from the tragus and spina helicis to the 
root of the zygomatic process of the tempo- 
ral bone. The posterior ligament passes from 
the posterior surface of the concha to the 
outer surface of the mastoid process. 

The chief intrinsic ligaments are: (1) a 
strong fibrous band that stretches from the 
tragus to the commencement of the helix, 
completing the meatus in front and partly 
encircling the boundary of the concha; and 
(2) a band between the antihelix and the 
cauda helicis. Other less important bands 
are found on the cranial surface of the 
pinna. 

MUSCLES. The muscles of the auricula 
(Fig. 13-44) consist of two sets: (1) extrinsic, 
which connect the auricula with the skull 
and scalp and move it as a whole; and (2) 
intrinsic, which extend from one part of the 
auricle to another. 


Antonio Maria Valsalva (1666-1723): An Italian anato- 
mist (Bologna). 
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Fic. 13-44. The muscles of the auricula. 
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The extrinsic muscles are the auriculares 
anterior, superior, and posterior, described 
with the facial muscles in Chapter 6. 

The intrinsic muscles are: 


Helicis major 

Helicis minor 
‘Tragicus 

Antitragicus 
Transversus auriculae 
Obliquus auriculae 


The helicis major is a narrow vertical band 
situated upon the anterior margin of the 
helix. It arises from the spina helicis and is 
inserted into the anterior border of the helix, 
where the helix is about to curve backward. 

The helicis minor is an oblique fasciculus 
that covers the crus helicis. 

The tragicus is a short, flat vertical band 
on the lateral surface of the tragus. 

The antitragicus arises from the outer part 
of the antitragus and is inserted into the 
cauda helicis and antihelix. 

The transversus auriculae is placed on the 
cranial surface of the pinna. It consists of 
scattered fibers, partly tendinous and partly 
muscular, that extend from the eminentia 
conchae to the prominence corresponding 
with the scapha. 

The obliquus auriculae, also on the cra- 
nial surface, consists of a few fibers that 
extend from the upper and back part of 
the concha to the convexity immediately 
above it. 


VESSELS. The arteries of the auricula are the 
posterior auricular from the external carotid, the an- 
terior auricular from the superficial temporal, and a 
branch from the occipital artery. 

The veins accompany the corresponding arteries. 

NERVES. The auriculares anterior and superior 
and the intrinsic muscles on the lateral surface are 
supplied by the temporal branch of the facial nerve. 
The auricularis posterior and the intrinsic muscles on 
the cranial surface are supplied by the posterior au- 
ricular branch of the same nerve. 

The sensory nerves are: the great auricular, from 
the cervical plexus; the auricular branch of the 
vagus; the auriculotemporal branch of the mandibu- 
lar nerve; and the lesser occipital from the cervical 
plexus. 


External Acoustic Meatus 


The external acoustic meatus (external 
auditory canal or meatus) extends from the 
bottom of the concha to the tympanic mem- 
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Fic. 13-45. External and middle ear, opened anteriorly; right side. 


brane (Figs. 13-45; 13-46). It is about 4cm 
long if measured from the tragus; from the 
bottom of the concha it is about 2.5 cm long. 
It forms an S-shaped curve, and is directed 
at first inward, forward, and slightly upward 
(pars externa); it then passes inward and 
backward (pars media), and lastly is carried 
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inward, forward, and slightly downward 
(pars interna). It is an oval cylindrical canal, 
the greatest diameter being directed down- 
ward and backward at the external orifice, 
but nearly horizontal at the inner end. It has 
two constrictions, one near the inner end of 
the cartilaginous portion, and another, the 
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ORGAN OF HEARING AND EQUILIBRATION 


isthmus, in the osseous portion about 2cm 
from the bottom of the concha. The tym- 
panic membrane, which closes the inner end 
of the meatus, is directed obliquely, so the 
floor and anterior wall of the meatus are 
longer than the roof and posterior wall. 

The external acoustic meatus is formed 
partly by cartilage and membrane and partly 
by bone, and it is lined with skin. 

The cartilaginous portion is about 8mm 
long; it is continuous with the cartilage of 
the auricula and firmly attached to the cir- 
cumference of the auditory process of the 
temporal bone. The cartilage is deficient at 
the cranial and posterior part of the meatus, 
where it is replaced by fibrous membrane; 
two or three deep fissures are present in the 
anterior part of the cartilage. 

The osseous portion is about 16 mm long 
and is narrower than the cartilaginous por- 
tion. It is directed inward and a little for- 
ward, forming in its course a slight curve, 
the convexity of which is upward and back- 
ward. The inner end is smaller than the 
outer end and is sloped; the anterior wall 
projects beyond the posterior for about 
4mm. This end is marked, except at its cra- 
nial part, by a narrow groove, the tympanic 
sulcus, in which the circumference of the 
tympanic membrane is attached. Its outer 
end is dilated and rough in the greater part 
of its circumference for the attachment of 
the cartilage of the auricula. The anterior 
and inferior parts of the osseous portion are 
formed by a curved plate ‘of bone—the tym- 
panic part of the temporal bone—which in 
the fetus exists as a separate ring (anulus 
tympanicus) that is incomplete at its cranial 
part (Chapter 4). 

The skin lining the meatus is very thin; it 
adheres closely to the cartilaginous and os- 
seous portions of the tube and covers the 
outer surface of the tympanic membrane. 
After maceration, the thin pouch of epider- 
mis, when withdrawn, preserves the form of 
the meatus. In the thick subcutaneous tissue 
of the cartilaginous part of the meatus are 
numerous ceruminous glands that secrete 
the ear wax; their structure resembles that of 
the sudoriferous glands. 


RELATIONS OF THE MEATUS. Anterior to the osse- 
ous part is the condyle of the mandible, but the latter 
is frequently separated from the cartilaginous part 
by a portion of the parotid gland. The movements of 
the jaw influence to some extent the lumen of this 
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latter portion. Posterior to the osseous part are the 
mastoid air cells, which are separated from the mea- 
tus by a thin layer of bone. 

VESSELS. The arteries supplying the walls of the 
meatus are branches from the posterior auricular, 
maxillary, and superficial temporal arteries. 

NERVES. The nerves are chiefly derived from the 
auriculotemporal branch of the mandibular nerve 
and the auricular branch of the vagus. 


MIDDLE EAR OR TYMPANUM 


The middle ear or tympanic cavity (drum; 
tympanum) is an irregular, laterally com- 
pressed space within the temporal bone. It is 
filled with air, which is conveyed to it 
from the nasal part of the pharynx through 
the auditory tube. The cavity contains a 
chain of tiny movable bones that bridge 
from its lateral to its medial wall and convey 
the vibrations communicated to the tym- 
panic membrane across the cavity to the in- 
ternal ear. 

The tympanic cavity consists of two parts: 
the tympanic cavity proper, opposite the 
tympanic membrane, and the attic or epi- 
tympanic recess, cranial to the level of the 
membrane which contains the upper half of 
the malleus and the greater part of the incus. 
Including the attic, the vertical and antero- 
posterior diameters of the cavity are each 
about 15 mm. The transverse diameter meas- 
ures about 6 mm superiorly and 4 mm inferi- 
orly; opposite the center of the tympanic 
membrane it is only about 2 mm. The tym- 
panic cavity is bounded laterally by the tym- 
panic membrane; medially, by the lateral 
wall of the internal ear. It communicates 
posteriorly with the tympanic antrum and 
through it with the mastoid air cells; anteri- 
orly, the tympanic cavity communicates 
with the auditory tube (Fig. 13-45). 


Tegmental Wall or Roof 


The roof is formed by a thin plate of bone, 
the tegmen tympani, which separates the 
tympanic from the cranial cavity. It is situ- 
ated on the anterior surface of the petrous 
portion of the temporal bone close to its 
angle of junction with the squama tempo- 
ralis. It is prolonged posteriorly to roof in the 
tympanic antrum, and anteriorly to cover 
the semicanal for the tensor tympani muscle. 
Its lateral edge corresponds with the remains 
of the petrosquamous suture. 
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Jugular Wall or Floor 


The floor is narrow and consists of a thin 
plate of bone (fundus tympani), which sepa- 
rates the tympanic cavity from the jugular 
fossa. It has, near the labyrinthic wall, a 
small aperture for the passage of the tym- 
panic branch of the glossopharyngeal nerve. 


Membranous or Lateral Wall 


The lateral wall (outer wall) is formed 
mainly by the tympanic membrane and 
partly by the ring of bone into which this 
membrane is inserted. The ring of bone is 
incomplete at its upper part, forming a notch 
(of Rivinus'), close to which are three small 
apertures: the iter chordae posterius, the 
petrotympanic fissure, and the iter chordae 
anterius. 

The iter chordae posterius (apertura tym- 
panica canaliculi chordae) is situated in the 
angle of junction between the mastoid and 
membranous wall of the tympanic cavity, 


‘Augustus Quirinus Rivinus (1652-1723): A German 
anatomist and botanist (Leipzig). 
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immediately posterior to the tympanic mem- 
brane and on a level with the superior end of 
the manubrium of the malleus. It leads into a 
minute canal in the mastoid bone that de- 
scends almost parallel] with the facial nerve 
and meets the facial canal at an acute angle 
near the stylomastoid foramen. Through it 
the chorda tympani nerve enters the tym- 
panic cavity (Fig. 13-47). 

The petrotympanic fissure (Glaserian fis- 
sure’) (Fig. 13-47) opens just superior and 
anterior to the ring of bone into which the 
tympanic membrane is inserted; in this situ- 
ation it is a mere slit about 2mm long. It 
lodges the anterior process and anterior liga- 
ment of the malleus and gives passage to the 
anterior tympanic branch of the maxillary 
dine y. 

The iter chordae anterius (canal of 
Huguier?) is at the medial end of the petro- 
tympanic fissure; through it the chorda tym- 
pani nerve leaves the tympanic Cavity. 
“Johann Heinrich Glaser (1629-1675): A Swiss anatomist 
(Basel). 


3Pierre Charles Huguier (1804-1874): A French surgeon 
(Paris). 
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Fig. 13-47. The right membrana tympani with the malleus and the chorda tympani, viewed from within. (Spalteholz.) 
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Tympanic Membrane 


The tympanic membrane (Figs. 13-47; 13- 
48) separates the tympanic cavity from the 
bottom of the external acoustic meatus. It is 
a thin, semitransparent membrane, nearly 
oval, directed very obliquely inferiorly and 
medially to form an angle of about 55° with 
the floor of the meatus. Its longest diameter, 
almost vertical, measures 9 to 10mm; its 
shortest diameter measures 8 to 9mm. The 
greater part of its circumference is thick and 
forms a fibrocartilaginous ring, which is 
fixed in the tympanic sulcus at the inner end 
of the meatus. This sulcus is deficient superi- 
orly at the notch of Rivinus, and from the 
ends of this notch two bands, the anterior 
and posterior malleolar folds, are prolonged 
to the lateral process of the malleus. The 
small, somewhat triangular part of the mem- 
brane situated superior to these folds is lax 
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and thin and is named the pars flaccida, as 
opposed to the rest of the membrane, which 
is called the pars tensa. The manubrium of 
the malleus is firmly attached to the medial 
surface of the membrane as far as its center, 
which it draws inward toward the tympanic 
cavity. The lateral surface of the membrane 
is thus concave, and the most depressed part 
of this concavity is named the umbo. 


STRUCTURE OF THE TYMPANIC MEMBRANE 


The tympanic membrane is composed of 
three strata: lateral (cutaneous), intermedi- 
ate (fibrous), and medial (mucous). The cuta- 
neous stratum is derived from the integu- 
ment lining the meatus. The fibrous stratum 
consists of two layers: a radiate stratum, the 
fibers of which diverge from the manubrium 
of the malleus, and a circular stratum, the 
fibers of which are plentiful around the cir- 
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Fic. 13-48. The lateral aspect of the right tympanic membrane as seen through an otoscope. The membrane is oval 
and measures about 11 mm in its long diameter and about 9 mm across. (Redrawn after Sobotta.) 
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cumference but sparse and scattered near 
the center of the membrane. Branched or 
dendritic fibers are also present, especially 
in the posterior half of the membrane. The 
mucous stratum is the internal surface of the 
membrane derived from the lining of the 
cavity. 


VESSELS AND NeRves. The arteries of the tym- 
panic membrane are derived from the deep auricular 
branch of the maxillary artery, which ramifies be- 
neath the cutaneous stratum, and from the stylo- 
mastoid branch of the posterior auricular artery and 
the tympanic branch of the maxillary artery, which 
are distributed on the mucous surface. The superfi- 
cial veins open into the external jugular; those on 
the deep surface drain partly into the transverse 
sinus and veins of the dura mater, and partly into a 
plexus on the auditory tube. 

The membrane receives its chief nerve supply 
from the auriculotemporal branch of the mandibular 
nerve; the auricular branch of the vagus and the 
tympanic branch of the glossopharyngeal nerve also 


supply it. 


Labyrinthic or Medial Wall 


The medial wall (inner wall!) is directed 
vertically and presents for examination the 
fenestrae vestibuli and cochleae, the prom- 















Tympanic antrum 


ontory, and the prominence of the facial 
canal (Fig. 13-49). 

The fenestra vestibuli (fenestra ovalis; 
oval window) is a reniform opening leading 
from the tympanic cavity into the vestibule 
of the internal ear. Its long diameter is hori- 
zontal, and its convex border is upward. In 
the intact body it is occupied by the base of 
the stapes, the circumference of which is 
secured by the annular ligament to the mar- 
gin of the foramen (Fig. 13-50). 

The fenestra cochleae (fenestra rotunda; 
round window) is situated inferior and a lit- 
tle posterior to the fenestra vestibuli, from 
which it is separated by a rounded elevation, 
the promontory. It is placed at the bottom of 
a funnel-shaped depression and, in the mac- 
erated bone, leads into the cochlea of the in- 
ternal ear; in the intact body it is closed by a 
membrane, the secondary tympanic mem- 
brane, which is concave toward the cochlea. 
This membrane consists of three layers: an 
external or mucous layer derived from the 
mucous lining of the tympanic cavity; an in- 
ternal layer from the lining membrane of the 
cochlea; and an intermediate or fibrous 
layer. 

The promontory (promontorium) is a 
rounded prominence formed by the outward 
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Fic. 13-49. Coronal section of right temporal bone. 
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Fic. 13-50. The medial wall and part of the posterior and anterior walls of the right tympanic cavity, lateral view. 


(Spalteholz.) (See Fig. 13-49.) 


projection of the first turn of the cochlea. It 
is placed between the fenestrae, and its sur- 
face is furrowed by small grooves for the 
nerves of the tympanic plexus. A minute 
spicule of bone frequeritly connects the 
promontory to the pyramidal eminence. 

The prominence of the facial canal (promi- 
nentia canalis facialis; prominence of aque- 
duct of Fallopius') indicates the position of 
the bony canal in which the facial nerve is 
contained; this canal traverses the labyrin- 
thic wall of the tympanic cavity superior to 
the fenestra vestibuli, and posterior to that 
opening, curves nearly vertically inferiorly 
along the mastoid wall (Fig. 13-51). 


Mastoid or Posterior Wall 


The posterior wall presents for examina- 
tion the entrance to the tympanic antrum, 
the pyramidal eminence, and the fossa 
incudis. 

The entrance to the antrum is a large, ir- 


‘Gabriele Falloppio (1523-1563): An Italian anatomist 
and surgeon (Padua). 


regular aperture that leads posteriorly from 
the epitympanic recess into a considerable 
air space, the tympanic or mastoid antrum 
(see Chapter 4). The antrum leads posteri- 
orly and inferiorly into the mastoid air cells, 
which vary greatly in number, size, and 
form. The antrum and mastoid air cells are 
lined by mucous membrane that is continu- 
ous with that which lines the tympanic cav- 
ity. On the medial wall of the entrance to the 
antrum is a rounded eminence, situated su- 
perior and posterior to the prominence of 
the facial canal; it corresponds with the posi- 
tion of the ampullated ends of the anterior 
and lateral semicircular canals. 

The pyramidal eminence (pyramid) is sit- 
uated immediately posterior to the fenestra 
vestibuli and anterior to the vertical portion 
of the facial canal. It is hollow but contains 
the stapedius muscle. Its summit projects 
anteriorly toward the fenestra vestibuli and 
is pierced by a small aperture that transmits 
the tendon of the muscle. The cavity in the 
pyramidal eminence is prolonged posteri- 
orly toward the facial canal and communi- 
cates with it by a minute aperture that trans- 
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mits a branch of the facial nerve to the 
stapedius muscle. 

The fossa incudis is a small depression in 
the inferior and posterior part of the epi- 
tympanic recess; it lodges the short crus of 
the incus. 


Carotid or Anterior Wall 


The anterior wall corresponds with the 
carotid canal, from which it is separated by 
a thin plate of bone that is perforated by the 
tympanic branch of the internal carotid ar- 
tery and the caroticotympanic nerve, which 
connects the sympathetic plexus on the in- 
ternal carotid artery with the tympanic 
plexus on the promontory. At the superior 
part of the anterior wall are the orifice of the 
semicanal for the tensor tympani muscle and 
the tympanic orifice of the auditory tube, 
separated from each other by a thin horizon- 
tal plate of bone, the septum canalis muscu- 
lotubarii. These canals run from the tym- 
panic cavity medialward to the retiring 
angle between the squama and the petrous 
portion of the temporal bone. 

The semicanal for the tensor tympani 
(semicanalis m. tensoris tympani) is the su- 
perior and the smaller of the two canals; it is 
cylindrical and lies beneath the tegmen tym- 
pani. It extends to the labyrinthic wall of the 
tympanic cavity and ends immediately 
above the fenestra vestibuli. The septum 
canalis musculotubarii (processus cochleari- 
formis) passes posteriorly, forming its lateral 
wall and floor; it expands above the anterior 
end of the fenestra vestibuli and terminates 
there by curving laterally to form a pulley 
over which the tendon of the muscle passes. 


- ee 





a 
es “ 
» ‘ . 2 
IPED, i. — =~ 
7, LS 4 — 
ovale). et oo Aa 
; ” 
" y. 2 
A ea 4% 
. ¢ 
“* wy 


snxceied 


i, J bX fi ry 


View of the medial wall of the tympanum (enlarged). (See Fig. 13-49.) 


Auditory Tube 


The auditory tube (tuba auditiva; Eusta- 
chian tube’) is the channel through which 
the tympanic cavity communicates with the 
nasal part of the pharynx. Its length is about 
36mm, and in its medialward course it 
forms an angle of about 45° with the sagittal 
plane and an angle of 30 to 40° with the hori- 
zontal plane. Its walls are composed partly 
of bone and partly of cartilage and fibrous 
tissue (Fig. 13-45). 

The osseous portion is about 12 mm long. 
It begins in the carotid wall of the tympanic 
Cavity, inferior to the septum  canalis 
musculotubarii, and gradually narrowing, 
ends at the angle of junction of the squama 
and the petrous portion of the temporal 
bone. Its extremity has a jagged margin that 
serves for the attachment of the cartilagi- 
nous portion. 

The cartilaginous portion, about 24mm 
long, is contained in a triangular plate of 
elastic fibrocartilage, the apex of which is 
attached to the margin of the medial end of 
the osseous portion of the tube, while the 
base lies directly under the mucous mem- 
brane of the nasal part of the pharynx, 
Where it forms an elevation, the torus 
tubarius or cushion, posterior to the pharyn- 
geal orifice of the tube. The superior edge of 
the cartilage is bent over laterally, forming a 
groove or furrow that is open inferiorly and 
laterally. The part of the canal lying in this 
furrow is completed by fibrous membrane. 
The cartilage lies in a groove between the 
petrous part of the temporal and the great 


'Bartolommeo Eustachio (1520?-1574): An Italian anato- 
mist (Rome). 
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wing of the sphenoid, and it ends opposite 
the middle of the medial pterygoid plate. 

The cartilaginous and bony portions of the 
tube are not in the same plane, the former 
inclining inferiorly a little more than the lat- 
ter. The diameter of the tube is not uniform 
throughout; it is greatest at the pharyngeal 
orifice, least at the junction of the bony and 
cartilaginous portions, and again increases 
toward the tympanic opening. The narrow- 
est part of the tube is termed the isthmus. 
The position and relations of the pharyngeal 
orifice are described with the nasal part of 
the pharynx. 

The mucous membrane of the tube is con- 
tinuous with that of the nasal part of the 
pharynx and the tympanic cavity. It is cov- 
ered with ciliated epithelium and is thin in 
the osseous portion, while in the cartilagi- 
nous portion it contains many mucous 
glands and, near the pharyngeal orifice, a 
considerable amount of adenoid tissue, the 
tubal tonsil. The tube is opened during de- 
glutition by the salpingopharyngeus and 
dilatator tubae muscles. The latter arises 
from the hook of the cartilage and from the 
membranous part of the tube and blends 
below with the tensor veli palatini. 


Auditory Ossicles 


The tympanic cavity contains a chain of 
three movable ossicles, the malleus, incus, 
and stapes. The first is attached to the tym- 
panic membrane, the last to the circumfer- 
ence of the fenestra vestibuli, the incus 
being placed between and connected to both 
by delicate articulations (Fig. 13-55). 

MALLEUS. The malleus (Fig. 13-52), so 
named from its fancied resemblance to a 
hammer, consists of a head, neck, and three 
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Fic. 13-52. Left malleus. A, Posterior view. B, Medial 
view. 
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processes, viz., the manubrium and the ante- 
rior and lateral processes. 

The head is the large superior extremity of 
the bone; it is oval and articulates posteri- 
orly with the incus, being free in the rest of 
its extent. The facet for articulation with the 
incus is constricted near the middle and con- 
sists of a superior larger and an inferior 
smaller part, which are bent nearly at a right 
angle to each other. Opposite the constric- 
tion, the inferior margin of the facet projects 
in the form of a process, the cog-tooth or 
spur of the malleus. 

The neck is the narrow contracted part 
joining the head with a prominence to which 
the anterior and posterior processes are at- 
tached. 

The manubrium mallei is connected by its 
lateral margin with the tympanic membrane. 
It is directed slightly posteriorly as well as 
inferiorly; it decreases in size toward its free 
end, which is slightly curved and flattened 
transversely. On its medial side, near the 
head end, is a slight projection into which 
the tendon of the tensor tympani is inserted. 

The anterior process is a delicate spicule 
directed anteriorly toward the petrotym- 
panic fissure, to which it is connected by lig- 
amentous fibers. In the fetus this is the long- 
est process of the malleus, and it is directly 
continuous with the cartilage of Meckel.! 

The lateral process is a slight conical pro- 
jection that springs from the root of the ma- 
nubrium. It is directed laterally and is at- 
tached to the superior part of the tympanic 
membrane and, by means of the anterior and 
posterior malleolar folds, to the extremities 
of the notch of Rivinus. 

incus. The incus (Fig. 13-53) received its 
name from its resemblance to an anvil, but it 
looks more like a premolar tooth with two 


1Johann Friedrich Meckel (the Younger) (1781-1833): A 
German anatomist and surgeon (Halle). 
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roots that differ in length and are widely sep- 
arated from each other. It consists of a body 
and two crura. 

The body is somewhat cubical but com- 
pressed transversely. On its anterior surface 
is a deeply concavo-convex facet that articu- 
lates with the head of the malleus. 

The two crura diverge from each other 
nearly at right angles. The short crus, which 
is somewhat conical, projects almost hori- 
zontally backward and is attached to the 
fossa incudis in the posterior part of the 
epitympanic recess. The long crus descends 
nearly vertically parallel to the manubrium 
of the malleus and, bending medialward, 
ends in a rounded projection, the lenticular 
process, which is tipped with cartilage and 
articulates with the head of the stapes. 

stapes. The stapes (Fig. 13-54), so called 
from its resemblance to a stirrup, consists of 
a head, neck, two crura, and a base. 

The head has a depression, which is cov- 
ered by cartilage; it articulates with the len- 
ticular process of the incus. 

The neck, the constricted part of the bone 
succeeding the head, has the insertion of the 
tendon of the stapedius muscle attached 
to it. 

The two crura diverge from the neck and 
are connected at their ends by a flattened 
oval plate, the base, which forms the foot- 
plate of the stirrup and is fixed to the margin 
of the fenestra vestibuli by a ring of ligamen- 
tous fibers. Of the two crura, the anterior is 
shorter and less curved than the posterior. 

ARTICULATIONS OF THE AUDITORY OSSICLES. 
The incudomalleolar joint is a saddleshaped 
diarthrosis; it is surrounded by an articular 
capsule, and the joint cavity is incompletely 
divided into two by a wedgeshaped articular 
disc or meniscus. The incudostapedial joint 
is an enarthrosis surrounded by an articular 
capsule. Some observers have described an 
articular disc or meniscus in this joint; oth- 
ers regard the joint as a syndesmosis. 
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Fic. 13-54. A, Left stapes. B, Base of stapes, medial 
surface. 


LIGAMENTS OF THE Ossictes. The ossicles 
are connected with the walls of the tym- 
panic cavity by ligaments: three for the mal- 
leus and one each for the incus and stapes 
(Fig. 13-55). 

The anterior ligament of the malleus is at- 
tached by one end to the neck of the malleus, 
just above the anterior process, and by the 
other end to the anterior wall of the tym- 
panic cavity, close to the petrotympanic 
fissure. Some of its fibers are prolonged 
through the fissure to reach the spine of the 
sphenoid bone. 

The superior ligament of the malleus is a 
delicate, round bundle that descends from 
the roof of the epitympanic recess to the 
head of the malleus. 

The lateral ligament of the malleus is a tri- 
angular band passing from the posterior part 
of the notch of Rivinus to the head of the 
malleus. Helmholtz described the anterior 
ligament and the posterior part of the lateral 
ligament as forming together the axis liga- 
ment, around which the malleus rotates. 

The posterior ligament of the incus is a 
short, thick band connecting the end of the 
short crus of the incus to the fossa incudis. 

A superior ligament of the incus has been 
described, but it is little more than a fold of 
mucous membrane. 

The vestibular surface and the circumfer- 
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Fic. 13-55. Chain of ossicles and their ligaments, ante- 
rior view of a vertical transverse section of the tympa- 
num. (Testut.) 
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ence of the base of the stapes are covered 
with hyaline cartilage. The cartilage that 
encircles the base is attached to the margin 
of the fenestra vestibuli by a fibrous ring, the 
annular ligament of the base of the stapes. 


Muscles of the Tympanic Cavity 


These are the tensor tympani and the sta- 
pedius (Figs. 13-45; 13-50). 

The tensor tympani is contained in the 
bony canal above the osseous portion of the 
auditory tube, from which it is separated by 
the septum canalis musculotubarii. It arises 
from the cartilaginous portion of the audi- 
tory tube and the adjoining part of the great 
wing of the sphenoid, as well as from the 
osseous Canal in which it is contained. Pass- 
ing posteriorly through the canal, it ends in a 
slender tendon that enters the tympanic cav- 
ity, makes a sharp bend around the extrem- 
ity of the septum, the processus cochleari- 
ormis, and is inserted into the manubrium 

f the malleus, near its root. It is supplied by 
a branch of the mandibular nerve that 
passes through the otic ganglion. 

The stapedius arises from the wall of the 
conical cavity inside the pyramid. Its tendon 
emerges from the orifice at the apex of the 
eminence, and is inserted into the posterior 
surface of the neck of the stapes. It is sup- 
plied by a branch of the facial nerve. 


ACTIONS. The tensor tympani draws the tym- 
panic membrane medialward, and thus increases its 
tension. The stapedius pulls the head of the stapes 
posteriorly, tilting the base and possibly increasing 
the tension of the fluid within the internal ear. Both 
muscles have a snubbing action, reducing the oscil- 
lations of the ossicles and thereby protecting the 
inner ear from injury during a loud noise, such as 
that of a riveting machine. 


Mucous Membrane of the 
Tympanic Cavity 


This membrane is continuous with that of 
the pharynx through the auditory tube. It 
invests the auditory ossicles, the muscles, 
and the nerves contained in the tympanic 
cavity. It forms the medial layer of the tym- 
panic membrane and the lateral layer of the 
secondary tympanic membrane, and is re- 
flected into the tympanic antrum and mas- 
toid cells, which it lines throughout. It forms 
several folds that extend from the walls of 
the tympanic cavity to the ossicles. Of these, 


foce 


one descends from the roof of the cavity to 
the head of the malleus and superior margin 
of the body of the incus; a second invests the 
stapedius muscle. Other folds invest the 
chorda tympani nerve and the tensor tym- 
pani muscle. These folds separate pouch- 
like cavities and give the interior of the tym- 
panum a somewhat honey-combed appear- 
ance. One of these pouches, the pouch of 
Prussak!, is well marked and lies between 
the neck of the malleus and the membrana 
flaccida. Two other recesses may be men- 
tioned: they are formed by the mucous mem- 
brane that envelops the chorda tympani 
nerve and are named the anterior and poste- 
rior recesses of Tréltsch?. In the tympanic 
cavity this membrane is pale, thin, slightly 
vascular, and covered for the most part with 
columnar ciliated epithelium, but over the 
pyramidal eminence, ossicles, and tympanic 
membrane it possesses a flat, nonciliated 
epithelium. In the tympanic antrum and 
mastoid cells, its epithelium is also non- 
ciliated. In the osseous portion of the audi- 
tory tube the membrane is thin, but in the 
cartilaginous portion it is thick, highly vas- 
cular, and provided with numerous mucous 
glands. The epithelium that lines the tube is 
columnar and ciliated. 


VESSELS AND NERVES. There are six arteries, two 
of which are larger than the others, viz., the tym- 
panic branch of the maxillary artery, which supplies 
the tympanic membrane and the_ stylomastoid 
branch of the posterior auricular artery, which sup- 
plies the back part of the tympanic cavity and mas- 
toid cells. The smaller arteries tnclude the following: 
the petrosal branch of the middle meningeal artery, 
which enters through the hiatus of the facial canal; a 
branch from the ascending pharyngeal artery and 
another from the artery of the pterygoid canal, 
which accompany the auditory tube; and the tym- 
panic branch from the internal carotid, which is 
given off in the carotid canal and perforates the thin 
anterior wall of the tympanic cavity. The veins term- 
inate in the pterygoid plexus and the superior petro- 
sal sinus. 

The nerves constitute the tympanic plexus, which 
ramifies upon the surface of the promontory, and 
the chorda tympani, which merely passes through 
the cavity. The plexus is formed by (1) the tympanic 
branch of the glossopharyngeal nerve; (2) the caroti- 
cotympanic nerves; (3) the lesser petrosal nerve; 


1Alexander Prussak (1839-1897): A Russian otologist 
(St. Petersburg). 

2Anton Friedrich von Tréltsch (1829-1890): A German 
otologist (Wurzburg). 
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and (4) a branch that joins the greater petrosal 
nerve. 

The tympanic branch of the glossopharyngeal 
(Jacobson’‘s nerve’) enters the tympanic cavity by an 
aperture in its floor close to the labyrinthic wall; it 
divides into branches that ramify on the promontory 
and enter into the formation of the tympanic plexus. 

The superior and inferior caroticotympanic 
nerves from the carotid plexus of sympathetic fibers 
pass through the wall of the carotid canal and join 
the tympanic plexus. The branch to the greater pe- 
trosal passes through an opening on the labyrinthic 
wall, anterior to the fenestra vestibull. 

The lesser petrosal nerve is a continuation of 
the tympanic branch of the glossopharyngeal nerve 
beyond the tympanic plexus. It penetrates the bone 
near the geniculate ganglion of the facial nerve, with 
which it communicates by a filament. It continues 
through the bone and enters the middle cranial fossa 
through a small aperture situated lateral to the hia- 
tus of the facial canal on the anterior surface of the 
petrous portion of the temporal bone. It leaves the 
middle fossa through a fissure or foramen of its own 
or through the foramen ovale, and ends in the otic 


ganglion, constituting its root and supplying it with ° 


preganglionic parasympathetic fibers. 

The branches of distribution of the tympanic 
plexus supply the mucous membrane of the tym- 
panic cavity, the fenestra vestibuli, the fenestra 
cochleae, and the auditory tube. The lesser petrosal 
may be looked upon as the continuation of the tym- 
panic branch of the glossopharyngeal nerve through 
the plexus to the otic ganglion. 

In addition to the tympanic plexus, there are 
nerves that supply the muscles. The tensor tympani 
is supplied by a branch from the mandibular nerve 
that passes through the otic ganglion, and the stape- 
dius is supplied by a branch from the facial nerve. 

The chorda tympani nerve crosses the tympanic 
cavity (Fig. 13-47). It leaves the facial canal about 
6 mm before the facial nerve emerges from the 
stylomastoid foramen. It runs back upward in a 
canal of its own, almost parallel with the facial canal, 
and enters the tympanic cavity through the iter chor- 
dae posterius, where it becomes invested with mu- 
cous membrane. It traverses the tympanic cavity 
across the medial surface of the tympanic mem- 
brane and over the upper part of the manubrium of 
the malleus to the carotid wall, where it makes exit 
through the iter chordae anterius (cana/ of Huguien). 


INTERNAL EAR OR LABYRINTH 
The internal ear is the essential part of the 


organ of hearing, the ultimate distribution of 
the vestibulocochlear nerve. It is called the 


‘Ludwig Levin Jacobson (1783-1843): A Danish anato- 
mist and physician (Copenhagen). 


labyrinth, from the complexity of its shape, 
and consists of two parts: the osseous laby- 
rinth, a series of cavities within the petrous 
part of the temporal bone, and the membra- 
nous labyrinth, a series of communicating 
membranous sacs and ducts contained 
within the bony cavities. 


Osseus Labyrinth 


The osseous labyrinth (Figs. 13-56; 13-57) 
consists of three parts: vestibule, semicircu- 
lar canals, and cochlea. These are cavities 
hollowed out of the substance of the bone 
and lined by periosteum; they contain a 
clear fluid, the perilymph, in which the 
membranous labyrinth is suspended. 

vesTiBULE. The vestibule is the central 
part of the osseous labyrinth. It is situated 
medial to the tympanic cavity, posterior to 
the cochlea, and anterior to the semicircular 
canals. It is somewhat ovoid but flat trans- 
versely; it measures about 5mm sagittally 
and vertically, and about 3 mm across. In its 
lateral or tympanic wall is the fenestra ves- 
tibuli, which in the intact body is closed by 
the base of the stapes and annular ligament. 
On its medial wall is asmall circular depres- 
sion, the recessus sphericus, which is perfo- 
rated at its anterior and inferior part by sev- 
eral minute holes (macula cribrosa media) 
for the passage of filaments of the vestibulo- 
cochlear nerve to the saccule. Posterior to 
this depression is an oblique ridge, the crista 
vestibuli, the anterior end of which is named 
the pyramid of the vestibule. This ridge bi- 
furcates to enclose a small depression, the 





Fic. 13-56. Right osseous labyrinth with spongy bone 
removed. Lateral view. 
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fossa cochlearis, which is perforated by a 
number of holes for the passage of filaments 
of the vestibulocochlear nerve that supply 
the vestibular end of the ductus cochlearis. 
At the posterior part of the medial wall is the 
orifice of the aquaeductus vestibuli, which 
extends to the posterior surface of the pet- 
rous portion of the temporal bone. It trans- 
mits a small vein and contains a tubular pro- 
longation of the membranous labyrinth, the 
ductus endolymphaticus, which ends in a 
cul-de-sac between the layers of the dura 
mater within the cranial cavity. 

On the superior wall or roof is a trans- 
versely oval depression, the recessus ellipti- 
cus, which is separated from the recessus 
sphericus by the crista vestibuli already 
mentioned. The pyramid and adjoining part 
of the recessus ellipticus are perforated by a 
number of holes (macula cribrosa superior). 
The apertures in the pyramid transmit the 
nerves to the utricle; those in the recessus 
ellipticus transmit the nerves to the ampul- 
lae of the anterior and lateral semicircular 
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ducts. Posteriorly are the five orifices of the 
semicircular canals. Anteriorly is an ellipti- 
cal opening that communicates with the 
scala vestibuli of the cochlea. 

BONY SEMICIRCULAR CANALS. ‘There are 
three bony semicircular canals: anterior, 
posterior, and lateral; these are situated su- 
perior and posterior to the vestibule. They 
are unequal in length and compressed from 
side to side; each describes the greater part 
of a circle. Each measures about 0.8 mm in 
diameter, and presents a dilatation at one 
end, called the ampulla, which measures 
more than twice the diameter of the tube. 
They open into the vestibule by five orifices, 
with one of the apertures being common to 
two of the canals. 

The anterior semicircular canal (superior 
semicircular canal); 15 to 20 mm long, is ver- 
tical in direction and is placed transversely 
to the long axis of the petrous portion of the 
temporal bone (Fig. 13-58), on the anterior 
surface of which its arch forms a round pro- 
jection. It describes about two-thirds of a 
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Fic. 13-57. The right bony labyrinth with the semicircular canals and the cochlea opened. (Redrawn after Sobotta.) 
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circle. Its lateral extremity is ampullated and 
opens into the superior part of the vestibule; 
the opposite end joins with the superior part 
of the posterior canal to form the crus com- 
mune, which opens into the superior and 
medial part of the vestibule. 

The posterior semicircular canal, also ver- 
tical, is directed posteriorly, nearly parallel 
to the posterior surface of the petrous bone. 
It is the longest of the three canals, measur- 
ing from 18 to 22mm. Its inferior or 
ampullated end opens into the inferior and 
posterior part of the vestibule; its superior 
end opens into the crus commune already 
mentioned. 

The lateral or horizontal canal (external 
semicircular canal) is the shortest of the 
three canals. It measures 12 to 15 mm, and its 
arch is directed horizontally lateralward; 
thus, each semicircular canal stands at right 
angles to the other two. Its ampullated end 
corresponds to the superior and lateral angle 
of the vestibule, just above the fenestra ves- 
tibuli, where it opens close to the ampullated 
end of the superior canal. Its opposite end 
opens at the superior and posterior part of 
the vestibule. The lateral canal of one ear is 
very nearly in the same plane as that of the 
other, while the anterior canal of one ear is 
nearly parallel to the posterior canal of the 
other. 

COCHLEA (Figs. 13-56; 13-57). The cochlea 
bears some resemblance to a common snail 
shell. It forms the anterior part of the laby- 
rinth, is conical, and is placed almost hori- 
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zontally in front of the vestibule. Its apex 
(cupula) is directed anteriorly and laterally, 
with a slight inclination inferiorly, toward 
the labyrinthic wall of the tympanic cavity. 
Its base corresponds with the bottom of the 
internal acoustic meatus and is perforated 
by numerous apertures for the passage of the 
cochlear division of the vestibulocochlear 
nerve. 

The cochlea measures about 5mm from 
base to apex, and its breadth across the base 
is about 9mm. It consists of: (1) a conical- 
shaped central axis, the modiolus; (2) a ca- 
nal, the inner wall of which is formed by the 
central axis, wound spirally around it for 
two and three-quarter turns, from the base 
to the apex; and (3) a delicate lamina, the 
osseous spiral lamina, which projects from 
the modiolus, and, following the windings of 
the canal, partially subdivides it into two. In 
the intact body, the basilar membrane 
stretches from the free border of this lamina 
to the outer wall of the bony cochlea and 
completely separates the canal into two pas- 
sages, which, however, communicate with 
each other at the apex of the modiolus by a 
small opening, named the helicotrema (Fig. 
13-59). 

The modiolus is the conical central axis or 
pillar of the cochlea. Its base is broad and 
appears at the bottom of the internal acous- 
tic meatus, where it corresponds with the 
area cochleae; it is perforated by numerous 
orifices that transmit filaments of the coch- 
lear division of the vestibulocochlear nerve. 
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The nerves for the first turn and a half pass 
through the foramina of the tractus spiralis 
foraminosus; those for the apical turn pass 
through the foramen centrale. The canals of 
the tractus spiralis foraminosus pass through 
the modiolus and successively bend out- 
ward to reach the attached margin of the 
lamina spiralis ossea. Here they become en- 
larged and by their apposition form the spi- 
ral canal of the modiolus, which follows the 
course of the attached margin of the osseous 
spiral lamina and lodges the spiral ganglion 
(ganglion of Corti'). The foramen centrale is 
continued into a canal that runs through the 
middle of the modiolus to its apex. The mo- 
diolus diminishes rapidly in size in the sec- 
ond and succeeding coil. 

The bony canal of the cochlea takes two 
and three-quarter turns around the modio- 
lus. It is about 30 mm long and diminishes 
eradually in diameter from the base to the 
summit, where it terminates in the cupula, 
which forms the apex of the cochlea (Fig. 
13-59). The beginning of this canal is about 
3 mm in diameter; it diverges from the modi- 
olus toward the tympanic cavity and vesti- 
bule and presents three openings. One open- 


‘Alfonso Corti (1822-1888): An Italian anatomist (Sar- 
dinia). 
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ing, the fenestra cochleae, communicates 
with the tympanic cavity; in the intact body 
this aperture is closed by the secondary tym- 
panic membrane. Another opening has an 
elliptical form and opens into the vestibule. 
The third opening is the aperture of the aq- 
uaeductus cochleae, which leads to a min- 
ute. funnel-shaped canal that opens on the 
inferior surface of the petrous part of the 
temporal bone. It transmits a small vein, and 
also forms a communication between the 
subarachnoid cavity and the scala tympani. 

The osseous spiral lamina is a bony shelf 
or ledge that projects from the modiolus into 
the interior of the canal, and like the canal, 
takes two and three-quarter turns around the 
modiolus. It reaches about half way toward 
the outer wall of the tube and partially di- 
vides its cavity into two passages or scalae, 
of which the superior is named the scala 
vestibuli, while the inferior is termed the 
scala tympani (Fig. 13-59). Near the summit 
of the cochlea, the lamina ends in a hook- 
shaped process, the hamulus laminae spi- 
ralis; this assists in forming the boundary of 
a small opening, the helicotrema, through 
which the two scalae communicate with 
each other. From the spiral canal of the 
modiolus numerous canals pass outward 
through the osseous spiral lamina as far as 
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Fic. 13-59. The cochlea and vestibule, viewed from above. All the hard parts that form the roof of the internal ear 


have been removed with a saw. 
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its free edge. In the inferior part of the first 
turn a second bony lamina, the secondary 
spiral lamina, projects inward from the 
outer wall of the bony tube; it does not, how- 
ever, reach the primary osseous spiral lam- 
ina, so that if viewed from the vestibule a 
narrow fissure, the vestibule fissure, is seen 
between them. 

The osseous labyrinth is lined by an ex- 
ceedingly thin fibrous membrane. The at- 
tached surface is rough, fibrous, and closely 
adherent to the bone; its free surface is 
smooth, pale, covered with a layer of epithe- 
lium, and secretes a thin, limpid fluid, the 
perilymph. A delicate tubular process of this 
membrane is prolonged along the aqueduct 
of the cochlea to the inner surface of the 
dura mater. 


Membranous Labyrinth 


The membranous labyrinth (Figs. 13-60; 
13-61; 13-62) is lodged within the bony cavi- 
ties just described, and has the same general 
form as these; it is, however, considerably 
smaller, and is partly separated from the 
bony walls by a fluid, the perilymph. In cer- 
tain places it is fixed to the walls of the cav- 
ity. The membranous labyrinth also contains 
fluid, the endolymph, and the ramifications 
of the vestibulocochlear nerve are distrib- 
uted on its walls. 

Within the osseous vestibule the membra- 
nous labyrinth does not quite preserve the 
form of the bony cavity, but consists of two 
membranous sacs, the utricle and the sac- 
cule. 
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Fic. 13-60. The membranous labyrinth. (Enlarged.) 





uTRicte. The utricle, the larger of the two 
sacs, is oblong, compressed transversely, 
and occupies the superior and posterior part 
of the vestibule, lying in contact with the 
recessus ellipticus and the part inferior to it. 
That portion which is lodged in the recess 
forms a sort of pouch or cul-de-sac, the floor 
and anterior wall of which are thick and 
form the macula of the utricle, which re- 
ceives the utricular filaments of the vestibu- 
locochlear nerve. The cavity of the utricle 
communicates behind with the semicircular 
ducts by five orifices. From its anterior wall 
is given off the ductus utriculosaccularis, 
which opens into the ductus endolymphaticus. 

saccuLe. The saccule is the smaller of the 
two vestibular sacs; it has a globular shape 
and lies in the recessus sphericus near the 
opening of the scala vestibuli of the cochlea. 
Its anterior part exhibits an oval thickening, 
the macula of the saccule, to which are dis- 
tributed the saccular filaments of the vestib- 
ulocochlear nerve. Its cavity does not di- 
rectly communicate with that of the utricle. 
From the posterior wall a canal, the ductus 
endolymphaticus, is given off; this duct is 
joined by the ductus utriculosaccularis, and 
then passes along the aquaeductus vestibuli 
and ends in a blind pouch (saccus endolymp- 
haticus) on the posterior surface of the pet- 
rous portion of the temporal bone, where 
it is in contact with the dura mater. From 
the inferior part of the saccule a short tube, 
the ductus reuniens (canalis reuniens of 
Hensen’) passes inferiorly and opens into 
the ductus cochlearis near its vestibular ex- 
tremity (Fig. 13-60). 

SEMICIRCULAR Ducts. The semicircular 
ducts (membranous semicircular canals) 
(Figs. 13-61; 13-62) are about one-fourth of 
the diameter of the osseous canals, but in 
number, shape, and general form they are 
precisely similar, and each has an ampulla at 
one end. They open by five orifices into the 
utricle, one opening being common to the 
medial end of the anterior duct and the su- 
perior end of the posterior duct. In each 
ampulla, the wall is thickened and projects 
into the cavity as a fiddle-shaped, trans- 
versely placed elevation, the ampullary 
crest, in which the nerves end. 

The utricle, saccule, and semicircular 
ducts are held in position by numerous fi- 


'Victor Hensen (1835-1924): German anatomist and 
physiologist (Kiel). 
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Fic. 13-61. Right human membranous labyrinth, removed from its bony enclosure and viewed from the anterolateral 
aspect. (G. Retzius.) 
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FiG. 13-62. The same from the posteromedial aspect. 1. Lateral semicircular canal; 1’, its ampulla; 2. Posterior canal; 
2’, its ampulla. 3. Anterior canal; 3’, its ampulla. 4. Conjoined limb of anterior and posterior canals (sinus utriculi 
superior). 5. Utricle; 5’, recessus utriculi; 5”, sinus utriculi posterior. 6. Ductus endolymphaticus. 7. Canalis utriculo- 
saccularis. 8. Nerve to ampulla of anterior canal. 9. Nerve to ampulla of lateral canal. 10. Nerve to recessus utriculi (in 
Fig. 13-61, the three branches appear conjoined); 10’, ending of nerve in recessus utriculi. 11. Facial nerve. 12. Lagena 
cochleae. 13. Nerve of cochlea within spiral lamina. 14. Basilar membrane. 15. Nerve fibers to macula of saccule. 16. 
Nerve to ampulla of posterior canal. 17. Saccule. 18. Secondary membrane of tympanum. 19. Canalis reuniens. 20. 
Vestibular end of ductus cochlearis. 23. Section of the facial and acoustic nerves within internal acoustic meatus. The 
separation between them is not apparent in this section. (G. Retzius.) 
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brous bands that stretch across the space 
between them and the bony walls. 
STRUCTURE OF THE UTRICLE, SACCULE, AND 
SEMICIRCULAR DUCTS (Fig. 13-63). The walls 
of the utricle, saccule, and semicircular 
ducts consist of three layers. The outer layer 
is a loose and flocculent structure, appar- 
ently composed of ordinary fibrous tissue 
containing blood vessels and some pigment 
cells. The middle layer, thicker and more 
transparent than the outer, forms a homoge- 
neous membrana propria and has numerous 
papilliform projections on its internal sur- 
face, especially in the semicircular ducts, 
which exhibit an appearance of longitudinal 
fibrillation on the addition of acetic acid. 
The inner layer is formed of polygonal nu- 
cleated epithelial cells. In the maculae of the 
utricle and saccule and in the ampullary 
crests of the semicircular ducts, the middle 
coat is thick and the epithelium is columnar 
and consists of supporting cells and hair 
cells. The supporting cells are fusiform; their 
deep ends are attached to the membrana 
propria while their free extremities are 
united to form a thin cuticle. The neuroept- 
thelium or hair cells are flask-shaped, and 
their deep, rounded ends do not reach the 
membrana propria, but lie between the sup- 
porting cells. The deep part of each contains 


a large nucleus, while its more superficial 
part is granular and pigmented. The free end 
is surmounted by a long, tapering, hair-like 
filament that projects into the cavity. The fil- 
aments of the vestibulocochlear nerve enter 
these parts, and having pierced the outer and 
middle layers, they lose their myelin sheaths 
and their axons ramify between the hair 
cells. 

Numerous small round bodies termed 
otoconia (statoconia), each consisting of a 
mass of minute crystalline grains of carbon- 
ate of lime held together in a mesh of gelati- 
nous tissue, are suspended in the endolymph 
in contact with the free ends of the hairs pro- 
jecting from the maculae. 

COCHLEAR DUCT. The cochlear duct (duc- 
tus cochlearis; membranous cochlea; scala 
media) consists of a spirally arranged tube 
enclosed in the bony canal of the cochlea 
and lying along its outer wall. 

As already stated, the osseous spiral lam- 
ina extends only part of the distance be- 
tween the modiolus and the outer wall of the 
cochlea, while the basilar membrane 
(membrana spiralis) stretches from its free 
edge to the outer wall of the cochlea and 
completes the roof of the scala tympani. A 
second and more delicate membrane, the 
vestibular membrane (Reissner’s mem- 
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Fic. 13-63. ‘Transverse section of a human semicircular canal and duct. (After Riidinger.) 
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brane'), extends from the thickened perios- 
teum covering the osseous spiral lamina to 
the outer wall of the cochlea, where it is at- 
tached at some little distance above the 
outer edge of the basilar membrane. A canal 
is thus shut off between the scala tympani 
and the scala vestibuli; this is the cochlear 
duct or scala media (Figs. 13-64; 13-65). It is 
triangular on transverse section, its roof 
being formed by the vestibular membrane, 
its outer wall of the periosteum lining the 
bony canal, and its floor by the membrana 
spiralis and the outer part of the osseous spi- 
ral lamina. Its extremities are closed, the 
upper is termed the lagena and is attached to 
the cupula at the upper part of the helico- 


‘Ernst Reissner (1824-1878): A German anatomist (Dor- 
pat, then Breslau). 






trema; the inferior is lodged in the recessus 
cochlearis of the vestibule. Near the inferior 
end, the ductus cochlearis becomes con- 
tinuous with the sacculus by means of a 
narrow, short canal, the ductus reuniens 
(Fig. 13-60). 

The spiral organ of Corti rests upon the 
basilar membrane. The vestibular mem- 
brane is thin, homogeneous, and covered on 
its superior and inferior surfaces by a layer 
of epithelium. The periosteum, forming the 
outer wall of the cochlear duct, is greatly 
thickened and altered in character, and is 
called the spiral ligament. It projects inward 
below as a triangular prominence, the basi- 
lar crest, which gives attachment to the 
outer edge of the basilar membrane; imme- 
diately above the crest is a concavity, the 
sulcus spiralis externus. The upper portion 
of the spiral ligament contains numerous 
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Fic. 13-64. A section through the left temporal bone. (Drawn from a section prepared at the Fehrens Institute, kindly 


lent by Prof. J. Kirk.) 
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capillary loops and small blood vessels, and 
it is termed the stria vascularis. 

The osseous spiral lamina consists of two 
plates of bone, and between these are the 
canals for the transmission of the filaments 
of the vestibulocochlear nerve. On the upper 
plate of that part of the lamina which is out- 
side the vestibular membrane, the perios- 
teum is thickened to form the limbus lami- 
nae spiralis. This ends externally in a 
concavity. The sulcus spiralis internus (Fig. 
13-65) represents, in section, the form of the 
letter C; the upper part, formed by the over- 
hanging extremity of the limbus, is named 
the vestibular lip; the lower part, prolonged 
and tapering, is called the tympanic lip, and 
is perforated by numerous foramina for the 
passage of the cochlear nerve fibers. The 
upper surface of the vestibular lip is inter- 
sected at right angles by a number of fur- 
rows, between which are numerous eleva- 
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tions; these present the appearance of teeth 
along the free surface and margin of the lip, 
and they have been named dentes acoustici. 
The limbus is covered by a layer of what 
appears to be squamous epithelium, but the 
deeper parts of the cells with their contained 
nuclei occupy the intervals between the ele- 
vations and between the auditory teeth. This 
layer of epithelium is continuous on the one 
hand with that lining the sulcus spiralis 
internus, and on the other with that covering 
the undersurface of the vestibular mem- 
brane. 

BASILAR MEMBRANE. The basilar mem- 
brane stretches from the tympanic lip of the 
osseous spiral lamina to the basilar crest and 
consists of two parts, an inner and an outer. 
The inner part is thin and is named the zona 
arcuata; it supports the spiral organ of Corti. 
The outer is thicker and striated and is 
termed the zona pectinata. The undersurface 
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Fic. 13-65. A section through the second turn of the cochlea indicated in the previous figure. (Mallory’s stain.) 
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of the membrane is covered by a layer of 
vascular connective tissue; one of the vessels 
in this tissue is somewhat larger than the 
rest, and is named the vas spirale. 

STRUCTURE OF THE ORGAN OF CORTI. The 
spiral organ or organ of Corti (Fig. 13-66) is 
composed of a series of epithelial structures 
placed upon the inner part of the basilar 
membrane. The average length is 31.5 mm. 
The more central of these structures are two 
rows of rod-like bodies, the inner and outer 
rods or pillars of Corti. The bases of the rods 
are supported on the basilar membrane, 
those of the inner row at some distance from 
those of the outer row. The two rows incline 
toward each other, and coming into contact 
superiorly, enclose between them and the 
basilar membrane a triangular tunnel, the 
tunnel of Corti. On the inner side of the 
inner rods is a single row of hair cells, and 
on the outer side of the outer rods are three 
or four rows of similar cells, together with 
certain supporting cells termed the cells of 
Deiters and Hensen. The free ends of the 
outer hair cells occupy a series of apertures 
in a net-like membrane, the reticular mem- 
brane, and the entire organ is covered by the 
tectorial membrane. 

Rods of Corti. Each consists of a base or 
foot-plate and elongated part or body, and 
an upper end or head. The body of each rod 
is finely striated, but in the head there is an 
oval, nonstriated portion that stains deeply 
with carmine. Occupying the angles be- 
tween the rods and the basilar membrane 
are nucleated cells that partly envelop the 


Membrana tectoria 


Limbus 
















Inner rod 


Nerve fibers 


iG t] 0° 

o o ° e 090 P vdeo Pie 

° q (> a *) ? 

SQ 4020 ods ot AS a Oe Se chan w 
o ° S) 
° 70 3 Go 


op “Yo 2 
Pos seo/(LN 
0° GO AK\\ 
ow 3 020 
ec Hmeannad 


Vas spirale 


[PSiey 


rods and extend onto the floor of Corti’s tun- 
nel; these may be looked upon as the undif- 
ferentiated parts of the cells from which the 
rods have been formed. 

The inner rods number nearly 6000, and 
their bases rest on the basilar membrane 
close to the tympanic lip of the sulcus spi- 
ralis internus. The shaft or body of each is 
sinuously curved and forms an angle of 
about 60° with the basilar membrane. The 
head resembles the proximal end of the ulna 
and presents a deep concavity that accom- 
modates a convexity on the head of the outer 
rod. The headplate, or portion overhanging 
the concavity, overlaps the headplate of the 
outer rod. 

The outer rods, numbering nearly 4000, 
are longer and more obliquely set than the 
inner rods, forming with the basilar mem- 
brane an angle of about 40°. Their heads are 
convex internally; they fit into the concavi- 
ties on the heads of the inner rods and are 
continued outward as thin flattened plates, 
termed phalangeal processes, which unite 
with the phalangeal processes of Deiters’ 
cells to form the reticular membrane. 

Hair Cells. The hair cells are short colum- 
nar cells; their free ends are on a level with 
the heads of Corti’s rods, and each is sur- 
mounted by about 20 hair-like processes ar- 
ranged in the form of a crescent with its con- 
cavity directed inward. The deep ends of the 
cells reach about half way along Corti’s rods, 
and each contains a large nucleus; in contact 
with the deep ends of the hair cells are the 
terminal filaments of the cochlear division 
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Fic. 13-66. Section through the spiral organ of Corti. Magnified. (G. Retzius.) 
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of the vestibulocochlear nerve. The inner 
hair cells, about 3500 in number, are ar- 
ranged in a single row on the medial side of 
the inner rods. Because their diameters are 
greater than those of the rods, each hair cell 
is supported by more than one rod. The free 
ends of the inner hair cells are encircled by a 
cuticular membrane that is fixed to the 
heads of the inner rods. Adjoining the inner 
hair cells are one or two rows of columnar 
supporting cells, which, in turn, are continu- 
ous with the cubical cells lining the sulcus 
spiralis internus. The outer hair cells num- 
ber about 12,000 and are nearly twice as long 
as the inner. In the basal coil of the cochlea 
they are arranged in three regular rows; in 
the apical coil, in four somewhat irregular 
rows. The receptors for high tones are lo- 
cated in the basal turn of the cochlea. 

Supporting Cells. Between the rows of 
the outer hair cells are rows of supporting 
cells, called the cells of Deiters!; their ex- 
panded bases are planted on the basilar 
membrane, while the opposite end of each 
presents a clubbed extremity or phalangeal 
process. Immediately to the outer side of 
Deiters’ cells are five or six rows of colum- 
nar cells, the supporting cells of Hensen. 
Their bases are narrow, while their upper 
parts are expanded and form a rounded ele- 
vation on the floor of the ductus cochlearis. 
The columnar cells lying outside Hensen’s 
cells are termed the cells of Claudius.2 A 
space exists between the outer rods of Corti 
and the adjacent hair cells; this is called the 
space of Nuel.° 

Reticular Lamina. The reticular lamina is 
a delicate framework perforated by rounded 
holes which are occupied by the free ends of 
the outer hair cells. It extends from the 
heads of the outer rods of Corti to the exter- 
nal row of the outer hair cells, and is formed 
by several rows of minute fiddle-shaped cu- 
ticular structures, called phalanges, between 
which are circular apertures containing the 
free ends of the hair cells. The innermost 
row of phalanges consists of the phalangeal 
processes of the outer rods of Corti; the outer 
rows are formed by the modified free ends of 
Deiters cells. 


‘Otto Friedrich Carl Deiters, (1834-1863): A German 
anatomist (Bonn). 

“Friedrich Matthias Claudius (1822-1869): An Austrian 
anatomist. 

*Jean Pierre Nuel (1847-1920): A Belgian physiologist and 
otologist (Ghent and Liége). 


Tectorial Membrane. Covering the sulcus 
spiralis internus and the spiral organ of Corti 
is the tectorial membrane, which is attached 
to the limbus laminae spiralis close to the 
inner edge of the vestibular membrane. Its 
inner part is thin and overlies the auditory 
teeth of Huschke;? its outer part is thick, and 
along its lower surface, opposite the inner 
hair cells, is a clear band, named Hensen’s 
stripe owing to the intercrossing of its fibers. 
The lateral margin of the membrane is much 
thinner. It consists of fine, colorless fibers 
embedded in a transparent matrix of a soft col- 
lagenous, semisolid character with marked 
adhesiveness; the matrix may be a variety 
of soft keratin. The general transverse di- 
rection of the fibers inclines from the radius 
of the cochlea toward the apex. 


Nerves. The vestibulocochlear nerve (acoustic 
nerve; n. Statoacusticus; nerve of hearing) divides 
near the bottom of the internal acoustic meatus into 
an anterior or cochlear branch and a posterior or 
vestibular branch. 

The vestibular nerve supplies the utricle, the sac- 
cule, and the ampullae of the semicircular ducts. On 
the trunk of the nerve, within the internal acoustic 
meatus, is the vestibular ganglion (ganglion of 
Scarpa*); the fibers of the nerve arise from the cells 
of this ganglion. On the distal side of the ganglion 
the nerve splits into a superior, an inferior, and a 
posterior branch. The filaments of the superior 
branch are transmitted through the foramina in the 
area vestibularis superior, and end in the macula of 
the utricle and in the ampullae of the anterior and 
lateral semicircular ducts. Those of the /snferior 
branch traverse the foramina in the area vestibularis 
inferior and end in the macula of the saccule. The 
posterior branch runs through the foramen singulare 
at the posteroinferior part of the bottom of the mea- 
tus and divides into filaments to supply the ampulla 
of the posterior semicircular duct. 

The cochlear nerve divides into numerous fila- 
ments at the base of the modiolus. Those for the 
basal and middle coils pass through the foramina in 
the tractus spiralis foraminosus and those for the api- 
cal coil pass through the canalis centralis; the nerves 
bend outward to pass between the lamellae of the 
osseous spiral lamina. Occupying the spiral canal of 
the modiolus is the spiral ganglion of the cochlea 
(ganglion of Corti) (Fig. 13-65), which consists of 
bipolar nerve cells that constitute the cells of origin 
of this nerve. Reaching the outer edge of the osse- 
ous spiral lamina, the fibers of the nerve pass 
through the foramina in the tympanic lip. Some end 
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by arborizing around the bases of the inner hair 
cells, while others pass between Corti’s rods and 
across the tunnel to end in a similar manner in rela- 
tion to the outer hair cells. The cochlear nerve gives 
off a vestibular branch to supply the vestibular end 
of the ductus cochlearis; the filaments of this branch 
pass through the foramina in the fossa cochlearis. 


Vessels. The arteries of the labyrinth are the 
internal auditory artery, which comes from the basi- 
lar artery, and the stylomastoid artery, which comes 
from the posterior auricular artery. The internal audi- 
tory artery divides at the bottom of the internal 
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acoustic meatus into two branches: cochlear and 
vestibular. The cochlear branch subdivides into 12 
or 14 twigs that traverse the canals in the modiolus 
and are distributed, in the form of a capillary net- 
work, in the lamina spiralis and basilar membrane. 
The vestibular branches are distributed to the utri- 
cle, saccule, and semicircular ducts. 

The veins of the vestibule and semicircular canals 
accompany the arteries, and, receiving those of the 
cochlea at the base of the modiolus, unite to form 
the internal auditory veins, which end in the poste- 
rior part of the superior petrosal sinus or in the trans- 
verse sinus. 
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Covering the surface of the body and shel- 
tering it from injurious influences in the en- 
vironment is the skin or integument. It pro- 
tects the deeper tissues from injury, from 
drying, and from invasion by foreign orga- 
nisms; it contains the peripheral endings of 
many of the sensory nerves. It plays an im- 
portant part in the regulation of the body 
temperature and also has limited excretory 
and absorbing powers. It consists princi- 
pally of a layer of dense connective tissue, 
named the dermis (corium, cutis vera), and 
an external covering of epithelium, termed 
the epidermis or cuticle. On the surface of 
the former layer are sensitive and vascular 
papillae; within or beneath it are certain or- 
gans with special functions, namely, the su- 
doriferous and sebaceous glands and the 
hair follicles. 


Development 


The epidermis and its appendages (hairs, 
nails, sebaceous and sweat glands) are de- 
veloped from the ectoderm; the corium or 
true skin is of mesodermal origin. About the 
fifth week of fetal development, the epider- 
mis consists of two layers of cells, the deeper 
one corresponding to the rete mucosum. The 


subcutaneous fat appears about the fourth 
month, and the papillae of the true skin, 
about the sixth month. A considerable des- 
quamation of epidermis takes place during 
fetal life, and this desquamated epidermis, 
mixed with sebaceous secretion, constitutes 
the vernix caseosa, with which the skin is 
smeared during the last three months of fetal 
life. The nails are formed at the third month 
and begin to project from the epidermis 
about the sixth month. The hairs appear be- 
tween the third and fourth months in the 
form of solid downgrowths of the deeper 
layer of the epidermis, the growing extremi- 
ties of which become inverted by papillary 
projections from the corium. The central 
cells of the solid downgrowths undergo al- 
teration to form the hair, while the periph- 
eral cells are retained to form the lining cells 
of the hair follicle. About the fifth month the 
fetal hairs (lanugo) appear first on the head 
and then on the other parts; they drop after 
birth and give place to the permanent hairs. 
The cellular structures of the sudoriferous 
and sebaceous glands are formed from the ~ 
ectoderm, whereas the connective tissue and 
blood vessels are derived from the meso- 
derm. All the sweat glands are fully formed 
at birth; they begin to develop as early as the 
fourth month. 


Structure 


EPIDERMIS. The epidermis, cuticle, or 
scarf skin is nonvascular, consists of strati- 
fied epithelium, and is accurately molded 
over the papillary layer of the dermis. It var- 
ies in thickness in different parts of the body. 
In some situations, as in the palms of the 
hands and soles of the feet, it is thick, hard, 
and horny in texture. The more superficial 
layers of cells, called the horny layer (stra- 
tum corneum), may be separated by macera- 
tion from a deeper stratum, which is called 
the stratum mucosum and which consists of 
several layers of differently shaped cells. 
The free surface of the epidermis is marked 
by a network of linear furrows of variable 
size, dividing the surface into polygonal or 
lozenge-shaped areas. Some of these furrows 
are large, such as those opposite the flexures 
of the joints, and they correspond to folds in 
the dermis. In other situations, as upon the 
back of the hand, they are exceedingly fine 
and intersect one another at various angles. 
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Upon the palmar surfaces of the hands and 
fingers and upon the soles of the feet, the 
epidermal ridges are distinct and disposed in 
curves; they depend upon the large size and 
peculiar arrangements of the papillae upon 
which the epidermis is placed. These ridges 
increase friction between contact surfaces to 
prevent slipping in walking or prehension. 
The direction of the ridges is at right angles 
to the force that tends to produce slipping or 
to the resultant of such forces when these 
forces vary in direction. In each individual 
the lines of the tips of the fingers and thumbs 
form distinct patterns unlike those of any 
other person. A method of determining the 
identity of a person is based on this fact by 
making impressions or fingerprints of these 
lines. The deep surface of the epidermis is 
accurately molded upon the papillary layer 
of the dermis, the papillae being covered by 
a basement membrane. When the epidermis 
is lifted off by maceration and inverted, it 
presents on its undersurface pits or depres- 
sions that correspond to the papillae, and 
ridges corresponding to the intervals be- 
tween them. Fine tubular prolongations are 
continued from this layer into the ducts of 
the sudoriferous and sebaceous glands. 
The stratified squamous epithelium of the 
epidermis is composed of several layers 
named according to various properties such 
as shape of cells, texture, composition and 
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position. Beginning with the deepest, they 
are: (a) stratum basale, (b) stratum spinosum, 
(c) stratum granulosum, (d) stratum lucidum, 
and (e) stratum corneum. 

The stratum basale, the deepest layer, is 
composed of columnar or cylindrical cells, 
giving it an alternate name stratum cylindri- 
cum. The ends of the cells in contact with 
the basement membrane have toothlike pro- 
toplasmic projections that fit into sockets in 
the membrane and appear to anchor the 
cells to the underlying dermis. The cells of 
this layer undergo division by mitosis, sup- 
plying new cells to make up for the contin- 
ual loss of surface layers from abrasion. This 
layer has been appropriately named the stra- 
tum germinativum (Fig. 14-1). 

The stratum spinosum is composed of 
several layers of polygonal cells, the number 
depending upon the area of the body from 
which the skin is taken. As a result of the 
slight shrinkage caused by technical proce- 
dures, these cells in ordinary histologic 
preparations appear to have cytoplasmic 
bridges connecting them with their neigh- 
bors. When they are pulled apart, they ap- 
pear to have minute spines on their surface, 
giving them the name prickle cells. Electron 
microscopic studies have shown that each 
cell adheres to its neighbors at particular 
points called desmosomes, and that these 
points are drawn out into the spines by 
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Fic. 14-1. Section through scalp of adult cadaver. 5 x. 


shrinkage. Ultrastructural studies have also 
shown that the cytoplasm of these cells con- 
tains minute fibrils, some of which are ori- 
ented toward the desmosomes. In light mi- 
croscopic preparations these fibrils may be 
visible, and since they are associated with 
the desmosomes, they give the impression of 
running between cells and are called tono- 
fibrils. 

The stratum granulosum is composed of 
two or three rows of flat cells that lie parallel 
with the surface. They contain numerous 
large granules that stain deeply with hema- 
toxylin. They are composed of keratohyalin, 
a substance that apparently is transformed 
into keratin in more superficial layers. 

The stratum lucidum appears to be a ho- 
mogenous translucent band, much thinner 
than the strata on either side of it. The cells 
contain droplets of eleidin and their nuclei 
and cell boundaries are not visible. 

The stratum corneum is composed of 
squamous plates of scales fused together to 
make the outer horny layer. These plates are 
the remains of the cells and contain a fibrous 
protein, keratin. The most superficial layer 
sloughs off or desquamates. The thickness of 
this layer is correlated with the trauma to 
which an area is subjected, being very thick 
on the palms and soles but thin over pro- 
tected areas. 

PIGMENTATION. The black color of the 
skin in the Negro and the tawny color among 
some of the white races are due to the pres- 
ence of pigment in the cells of the epidermis. 
This pigment is especially distinct in the 
cells of the stratum basale and is similar to 
that found in the cells of the pigmented 
layer of the retina. As the cells approach the 
surface and desiccate, the color becomes 
partially lost; the disappearance of the pig- 
ment from the superficial layers of the epi- 
dermis, however, is difficult to explain. 

The pigment (melanin) consists of small 
dark brown or black granules, closely 
packed together within the cells, but not in- 
volving the nucleus. 

The main purpose of the epidermis is pro- 
tection. As the surface is worn away, new 
cells are supplied, and thus the true skin, the 
vessels, and the nerves that it contains are 
defended against damage. 

DERMIS. The dermis, corium, cutis vera or 
true skin is tough, flexible, and elastic. Its 
thickness varies in different parts of the 
body. Thus it is very thick in the palms of 
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the hands and soles of the feet. It is thicker 
on the dorsal aspect of the body than on the 
ventral aspects, and on the lateral sides of 
the limbs than on the medial sides. In the 
eyelids, scrotum, and penis, it is exceedingly 
thin and delicate. 

The dermis consists of felted connective 
tissue, with a varying amount of elastic fi- 
bers and numerous blood vessels, lymphat- 
ics, and nerves. The connective tissue is ar- 
ranged in two layers: a deeper or reticular 
layer, and a superficial or papillary layer 
(Fig. 14-2). 

smooth muscle cells are found in the der- 
mis and the subcutaneous layers of the scro- 
tum, penis, labia majora, and nipples. In the 
mammary papilla, the smooth muscle cells 
are disposed in circular bands and radiating 
bundles arranged in superimposed laminae. 
Where there are hairs, discrete bundles of 
smooth muscle called the arrectores pilorum 
are attached in the superficial layers of the 
corium and near the base of each hair fol- 
licle. 

The papillary layer (stratum papillare; 
superficial layer; corpus papillare of the 
corium) consists of numerous small, highly 
sensitive, and vascular eminences, the papil- 
lae, which rise perpendicularly from its sur- 
face. The papillae are minute conical emi- 
nences with rounded or blunted extremities; 
occasionally they are divided into two or 
more parts and are received into corre- 
sponding pits on the undersurface of the cu- 
ticle. On the general surface of the body, 
especially in parts endowed with slight sen- 
sibility, they are few in number and exceed- 
ingly minute, but in some situations, as upon 
the palmar surfaces of the hands and fingers 
and the plantar surfaces of the feet and toes, 
the papillae are long, large, closely aggre- 
gated, and arranged in parallel curved lines, 
forming the elevated ridges seen on the free 
surface of the epidermis. Each ridge con- 
tains two rows of papillae, between which 
the ducts of the sudoriferous glands pass 
outward to open on the summit of the ridge. 
Each papilla consists of small and closely 
interlacing bundles of finely fibrillated tis- 
sue with a few elastic fibers; within this 
tissue is a capillary loop, and in some papil- 
lae, especially in the palms of the hand and 
the fingers, there are tactile corpuscles (Fig. 
14-3). 

Phe reticular layer (stratum reticulare; 
deep layer) consists of fibroelastic connec- 
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Fic. 14-3. Vascular and sensory papillae in the skin of 
the human foot. (From Rauber-Kopsch, Lehrbuch u. 
Atlas d. Anatomie d. Menschen, 19th ed., Vol. II. Georg 
Thieme Verlag, Stuttgart, 1955.) 
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tive tissue, which is composed chiefly of col- 
lagenous bundles but contains yellow elastic 
fibers in varying number in different parts of 
the body. The cells are principally fibro- 
blasts and histiocytes, but other types may 
be found. Near the papillary layer the collag- 
enous bundles are small and compactly ar- 
ranged; in the deeper layers they are larger 
and coarser, and between their meshes are 
sweat glands, sebaceous glands, hair shafts 
or follicles, and small collections of fat cells. 
The deep surface of the reticular layer 
merges with the adipose tissue of the subcu- 
taneous fascia. 

CLEAVAGE LINES OF THE SKIN (Langer’s 
lines). When a sharp conical instrument is 
used to make a penetrating wound, it does 
not leave a round hole in the skin, as might 
be expected, but a slit such as would be ex- 
pected from a flat blade. Maps of the direc- 
tions of these slits from puncture wounds 
over all parts of the body have been made 
from dissecting room material (Figs. 14-4; 


‘Carl Ritter von Eldenberg von Langer (1819-1887): Aus- 
trian anatomist (Vienna). 





STRUCTURE 1349 


—™ 
os 
— 
a { =(( 


\VZ @ 


for 
_ 
~ —_ 
al a —— 
- 
a a 
le 
— 
“ 
a 





Fic. 14-4. Cleavage lines (Langer’s lines) of the skin. Trunk and extremities. (Eller.) 


14-5). These maps indicate that there are def- 
inite lines of tension or cleavage lines within 
the skin that are characteristic for each part 
of the body. In microscopic sections cut par- 
allel with these lines, most of the collage- 
nous bundles of the reticular layer are cut 
longitudinally, while in sections cut across 
the lines, the bundles are in cross section. 
The cleavage lines correspond closely with 
the crease lines on the surface of the skin in 
most parts of the body. The pattern of the 
cleavage lines, according to Cox (1941), var- 
ies with body configuration, but is constant 
for individuals of similar build regardless of 
age. There are limited areas of the body in 
which the orientation of the bundles is irreg- 
ular and confused. The cleavage lines are of 
particular interest to the surgeon because an 
incision made parallel to the lines heals with 
a fine linear scar, while an incision across 
the lines may set up irregular tensions that 
result in an unsightly scar. 





Fic. 14-5. Cleavage lines (Langer’s lines) of the skin. 
Head and neck. (Eller.) 
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VESSELS AND NERVES. The arteries supplying 
the skin form a network in the subcutaneous tissue, 
branches of which supply the sudoriferous glands, 
the hair follicles, and the fat. Other branches unite in 
a plexus immediately beneath the dermis; from this 
plexus, fine capillary vessels pass into the papillae, 
forming, in the smaller ones, a single capillary loop, 
but in the larger, a more or less convoluted vessel. 
The lymphatic vessels of the skin form two net- 
works, superficial and deep, which communicate 
with each other and with those of the subcutaneous 
tissue by oblique branches. 

The nerves of the skin terminate partly in the epi- 
dermis and partly in the corium; at their terminals 
are found various types of nerve endings. 


Appendages of the Skin 


The appendages of the skin are the nails, 
the hairs, and the sudoriferous and seba- 
ceous glands with their ducts. 

waits. The nails (ungues) (Fig. 14-6) are 
flattened, elastic structures of a horny tex- 
ture placed upon the dorsal surfaces of the 
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terminal phalanges of the fingers and toes. 
Each nail is convex on its outer surface, con- 
cave within, and is implanted by a portion 
called the root into a groove in the skin. The 
exposed portion is called the body, and the 
distal extremity, the free edge. The nail is 
firmly adherent to the corium, being accu- 
rately molded upon its surface; the part be- 
neath the body and root of the nail is called 
the nail matrix, because from it the nail is 
produced. Under the greater part of the body 
of the nail, the matrix is thick and raised into 
a series of longitudinal ridges that are highly 
vascular, and the color is seen through the 
transparent tissue. Near the root of the nail, 
the papillae are smaller, less vascular, and 
have no regular arrangement, and here the 
tissue of the nail is not firmly adherent to the 
connective tissue stratum but only in contact 
with it; hence this portion is whiter and is 
called the lunula because of its shape. 

The cuticle as it passes forward on the 
dorsal surface of the finger or toe is attached 
to the surface of the nail a little in advance 
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Fic. 14-6. Median longitudinal section through finger of adult cadaver. The marrow has been removed to show bony 


trabeculae. 5 x. 


of its root. At the extremity of the finger, it is 
connected with the undersurface of the nail: 
both epidermic structures are thus directly 
continuous with each other. The superficial, 
horny part of the nail consists of a greatly 
thickened stratum lucidum; the stratum cor- 
neum forms merely the thin cuticular fold 
(eponychium) that overlaps the lunula; and 
the deeper part consists of the stratum mu- 
cosum. The cells in contact with the papillae 
of the matrix are columnar and arranged 
perpendicularly to the surface; those that 
succeed them are round or polygonal, with 
the more superficial ones becoming broad, 
thin, flattened, and so closely packed as to 
make the limits of the cells indistinct. The 
nails grow in length by the proliferation of 
the cells of the stratum germinativum at the 
root of the nail, and they grow in thickness 
from the part of the stratum germinativum 
that underlies the lunula. 

HAIR. Hairs (pili) are found on nearly 
every part of the body’s surface, but are ab- 
sent from the palms of the hands, the soles of 
the feet, the dorsal surfaces of the terminal 
phalanges, the glans penis, the inner surface 
of the prepuce, and the inner surfaces of the 
labia. They vary much in length, thickness, 
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and color in different parts of the body and 
among different races of mankind. In some 
parts, as in the skin of the eyelids, they are so 
short that they do not project beyond the fol- 
licles containing them; in others, as upon the 
scalp, they are of considerable length. Some 
hairs, such as the eyelashes, the pubic hairs, 
and the whiskers and beard, are remarkable 
for their thickness. Straight hairs are 
stronger than curly hairs, and present on 
transverse section a cylindrical or oval out- 
line; curly hairs, on the other hand, are flat. 
A hair consists of a root, which is the part 
implanted in the skin, and a shaft or scapus, 
which is the portion projecting from the sur- 
face. 

The root of the hair (radix pili) ends in an 
enlargement, the hair bulb, which is whiter 
and softer than the shaft, and is lodged in a 
follicular involution of the epidermis called 
the hair follicle (Fig. 14-7). The follicle of a 
very long hair extends into the subcutaneous 
cellular tissue. The hair follicle commences 
on the surface of the skin with a funnel- 
shaped opening and passes inward in an 
oblique direction for straight hairs or curved 
for curly hairs; it is dilated at its deep ex- 
tremity, where it corresponds with the hair 
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Fic. 14-7. Section of human scalp with hairs cut longitudinally. (From Rauber-Kopsch, Lehrbuch u. Atlas d. Anato- 
mie d. Menschen, 19th ed., Vol. I], Georg Thieme Verlag, Stuttgart, 1955.) 
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bulb. Opening into the follicle near its free 
extremity are the ducts of one or more seba- 
ceous glands. At the bottom of each hair fol- 
licle is a small conical, vascular eminence or 
papilla, similar in every respect to those 
found upon the surface of the skin; it is con- 
tinuous with the dermic layer of the follicle 
and supplied with nerve fibrils. The hair fol- 
licle consists of two coats—an outer or 
dermic, and an inner or epidermic. 

The outer or dermic coat is formed mainly 
of fibrous tissue; it is continuous with the 
dermis, highly vascular, and supplied with 
numerous minute nervous filaments. It con- 
sists of three layers (Fig. 14-8). The most in- 
ternal is a hyaline basement membrane, 
which is well marked in the larger hair folli- 
cles but not very distinct in the follicles of 
minute hairs. This membrane is limited to 
the deeper part of the follicle. Outside this is 
a compact layer of fibers and spindle-shaped 
cells arranged circularly around the follicle; 
this layer extends from the bottom of the fol- 
licle as high as the entrance of the ducts of 
the sebaceous glands. Externally a_ thick 
layer of connective tissue is arranged in lon- 
gitudinal bundles, forming a more open tex- 
ture and corresponding to the reticular part 
of the dermis; in this are contained the blood 
vessels and nerves. 

The inner or epidermic coat adheres 
closely to the root of the hair and consists of 
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two strata, named respectively the outer and 
inner root sheaths. The outer sheath corre- 
sponds with the stratum mucosum of the 
epidermis and resembles it in the rounded 
form and soft character of its cells; at the 
bottom of the hair follicle these cells become 
continuous with those of the root of the hair. 
The inner root sheath consists of (1) a deli- 
cate cuticle next to the hair, composed of a 
single layer of imbricated scales with atro- 
phied nuclei; (2) one or two layers of horny, 
flat nucleated cells, known as Huxley’s 
layer’; and (3) a single layer of cubical cells 
with clear, flat nuclei, called Henle’s layer.” 

The hair bulb is molded over the papilla 
and composed of polyhedral epithelial cells, 
which become elongated and _ spindle- 
shaped as they pass upward into the root of 
the hair. Some, however, remain polyhedral 
in the center. Some of these latter cells con- 
tain pigment granules, which are responsible 
for the color of the hair. It occasionally hap- 
pens that these pigment granules completely 
fill the cells in the center of the bulb. This 
causes the dark tract of pigment, of greater 
or lesser length, that often is found in the 
axis of the hair. 


‘Thomas Henry Huxley (1825-1895): An English physiol- 
ogist and naturalist (London). 

*Friedrich Gustav Jakob Henle (1809-1885): A German 
anatomist and histologist (Gottingen). 
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Fic. 14-8. Cross section through hair and root sheath. The red granules in Huxley's layer are keratohyalin. The space 
between hair and sheath is an artifact. (From Rauber-Kopsch, Lehrbuch u. Atlas d. Anatomie d. Menschen, 19th ed.. 


Vol. II, Georg Thieme Verlag, Stuttgart, 1955.) 


The shaft of the hair (scapus pili) consists, 
from within outward, of three parts: the 
medulla, the cortex, and the cuticle. The me- 
dulla is usually wanting in the fine hairs cov- 
ering the surface of the body, and commonly 
in those of the head. It is more opaque and 
deeply colored than the cortex when viewed 
by transmitted light, but when viewed by 
reflected light it is white. It is composed of 
rows of polyhedral cells that contain gran- 
ules of eleidin and frequently air spaces. The 
cortex constitutes the chief part of the shaft; 
its cells are elongated and united to form flat 
fusiform fibers that contain pigment gran- 
ules in dark hair and air in white hair. The 
cuticle consists of a single layer of flat scales 
that overlap one another from deep to super- 
ficial. 

Connected with the hair follicles are min- 
ute bundles of involuntary muscular fibers, 
termed the arrectores pilorum. They arise 
from the superficial layer of the dermis and 
are inserted into the hair follicle, deep to the 
entrance of the duct of the sebaceous gland. 
They are placed on the side toward which 
the hair slopes, and by their action they di- 
minish the obliquity of the follicle and make 
the hair stand erect (Fig. 14-7). The seba- 
ceous gland is situated in the angle formed 
by the arrector muscle with the superficial 
portion of the hair follicle, and contraction 
of the muscle thus tends to squeeze the seba- 
ceous secretion from the duct of the gland. 

SEBACEOUS'- GLANDS. The sebaceous 
glands are small, sacculafed, glandular or- 
gans lodged in the substance of the dermis. 
They are found in most parts of the skin, but 
are especially abundant in the scalp and 
face; they are also numerous around the ap- 
ertures of the anus, nose, mouth, and exter- 
nal ear, but are wanting in the palms of the 
hands and soles of the feet. Each gland con- 
sists of a single duct, more or less capacious, 
which emerges from a cluster of oval or 
flask-shaped alveoli. The number of alveoli 
may vary from two to five in number, but in 
some instances there may be as many as 20. 
Each alveolus is composed of a transparent 
basement membrane enclosing epithelial 
cells. The outer or marginal cells are small, 
polyhedral, and continuous with the cells 
lining the duct. The remainder of the alveo- 
lus is filled with larger cells that contain 
lipid, except in the center, where the cells 
have disintegrated, leaving a cavity filled 
with their débris and a mass of fatty matter, 
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Fic. 14-9. Sweat gland from the sole of the human foot. 
(From Rauber-Kopsch, Lehrbuch u. Atlas d. Anatomie d. 
Menschen, 19th ed., Vol. II, Georg Thieme Verlag, Stutt- 
gart, 1955.) 
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which constitute the sebum cutaneum. The 
ducts open most frequently into the hair fol- 
licles, but occasionally upon the general sur- 
face, as in the labia minora and the free mar- 
gin of the lips. On the nose and face the 
glands are large, distinctly lobulated, and 
often become much enlarged from the accu- 
mulation of pent-up secretion. The tarsal 
glands of the eyelids are elongated seba- 
ceous glands with numerous lateral diver- 
ticula. 

SUDORIFEROUS GLANDS. The sudoriferous 
or sweat glands (glandulae sudoriferae) (Fig. 
14-9) are found in almost every part of the 
skin. Each consists of a single tube, the deep 
part of which is irregularly coiled into an 
oval or spherical ball, named the body of the 
gland, while the superficial part, or duct, tra- 
verses the dermis and cuticle and opens on 
the surface of the skin by a funnel-shaped 
aperture. In the superficial layers of the der- 
mis the duct is straight, but in the deeper lay- 
ers it is convoluted or even twisted. Where 
the epidermis is thick, as in the palms of the 
hands and soles of the feet, the part of the 
duct that passes through it is spirally coiled. 
The size of the glands varies. They are espe- 
clally large in those regions where the 
amount of perspiration is great, as in the ax- 
illae, where they form a thin, mammillated 
layer of a reddish color, which corresponds 
exactly to the situation of the hair in this re- 
gion; the glands are also large in the groin. 

The number of glands varies. They are 
plentiful on the palms of the hands and on 
the soles of the feet, where the orifices of the 
ducts are exceedingly regular and open on 
the curved ridges. They are least numerous 
in the neck and back. The palm has about 
370 glands per square centimeter; the back of 
the hand, about 200; the forehead, 175; the 
breast, abdomen, and forearm, 155, and the 


leg and back, 60 to 80. It has been estimated 
that the total number is about 2,000,000. The 
following shows the average number of 
sweat glands per square centimeter of skin 
on the fingers in various races (Clark and 
Llamon, 1917): 


American (white)... eee 558.2 
American (Negro) 27. eee 597.2 
Filipino. =... .% ay) 653.6 
Moros... s.055% ee 684.4 
Negrito (adult) 22.25. ee 709.2 
Hindu 2 ..... $9) 738.2 


Negrito (youth).......... 


Sweat glands are absent in the deeper por- 
tion of the external auditory meatus, the pre- 
puce, and the glans penis. 

The tube, both in the body of the gland 
and in the duct, consists of two layers—an 
outer layer of fine areolar tissue and an 
inner layer of epithelium. The outer layer is 
thin and continuous with the superficial 
stratum of the dermis. In the body of the 
gland, the epithelium consists of a single 
layer of cubical cells, between the deep ends 
of which the basement membrane is a layer 
of longitudinally or obliquely arranged 
nonstriped muscular fibers. The ducts are 
destitute of muscular fibers and are com- 
posed of a basement membrane lined by two 
or three layers of polyhedral cells; the lumen 
of the duct is coated by a thin cuticle. When 
the epidermis is carefully removed from the 
surface of the dermis, the ducts may be 
pulled out from the dermis in the form of 
short, thread-like processes. The ceruminous 
glands of the external acoustic meatus, the 
ciliary glands at the margins of the eyelids, 
the circumanal glands and probably the 
mammary glands are modified sudoriferous 
glands. The average quantity of sweat se- 
creted in 24 hours varies from 700 to 900 gm. 
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Respiration, or exchange of gaseous sub- 
stance between the air and the blood stream, 
is brought about in the respiratory system 
(respiratory apparatus): the nose, nasal pas- 
sages, nasopharynx, larynx, trachea, bron- 
chi, and lungs. The pleura, pleural cavities, 
and the topography of other structures in the 
thorax are also described in this chapter. 
The muscular actions associated with respi- 
ration are discussed with the description of 
the diaphragm in Chapter 6. 


Development 


The development of the nose is described 
in Chapter 2, Embryology. 

The primordium of the principal respira- 
tory organs appears as a median longitudinal 
groove in the ventral wall of the pharynx in 
an embryo of the third week (3 to 4 mm). The 
groove deepens and its lips fuse to form the 
laryngotracheal tube (Fig. 15-1), the cranial 
end of which opens into the pharynx by a 
slit-like aperture formed by the persistent 


ventral part of the groove. The tube is lined 
by endoderm, from which the epithelial lin- 
ing of the respiratory tract is developed. The 
cranial part of the tube becomes the larynx, 
its next succeeding part the trachea, and 
from its caudal end two lateral outgrowths 
arise, the right and left lung buds, from 
which the bronchi and lungs develop. 

The first rudiment of the larynx consists of 
two arytenoid swellings, which appear on 
either side of the cranial end of the laryngo- 
tracheal groove and are continuous ventrally 
with a transverse ridge (furcula of His!) that 
lies between the ventral ends of the third 
branchial arches and from which the epi- 
glottis is subsequently developed (Figs. 16-4; 
16-5). After the separation of the trachea 
from the esophagus the arytenoid swellings 
come into contact with each other and with 
the back of the epiglottis, and the entrance to 
the larynx assumes the form of a T-shaped 
cleft. The margins of the cleft adhere to each 
other and the laryngeal entrance is occluded 
for a time. 

The mesodermal wall of the tube con- 
denses to form the cartilages of the larynx 
and trachea. The arytenoid swellings differ- 
entiate into the arytenoid and corniculate 
cartilages, and the folds joining them to the 
epiglottis form the aryepiglottic folds, in 
which the cuneiform cartilages develop as 
derivatives of the epiglottis. The thyroid car- 
tilage appears as two lateral plates, each 
chondrified from two centers and united in 
the ventral midline by membrane in which 
an additional center of chondrification de- 
velops. The cricoid cartilage arises from two 
cartilaginous centers that soon unite ven- 
trally and gradually grow around to fuse on 
the dorsal aspect of the tube. 

The right and left lung buds grow out dor- 
sal to the common cardinal veins and are at 
first symmetrical, but their ends soon become 
lobulated, three lobules appearing on the 
right, and two on the left. These subdivisions 
are the early indications of the correspond- 
ing lobes of the lungs (Figs. 15-2; 15-3). The 
buds undergo further subdivision and rami- 
fication, and ultimately end in minute ex- 
panded extremities—the infundibula of the 
lung. After the sixth month the air sacs begin 
to appear on the infundibula in the form of 
minute pouches. 


‘Wilhelm His (1831-1904): A German anatomist and 
physiologist (Basel and Leipzig). 
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Fig. 15-1. The head and neck of a 32-day-old human embryo seen from the ventral surface. The floor of the mouth 


and pharynx has been removed. (His.) 


During the course of their development 
the lungs migrate in a caudal direction, so 
that by the time of birth the bifurcation of 
the trachea is opposite the fourth thoracic 
vertebra. As the lungs grow, they project 
into the part of the celom that will ultimately 
form the pleural cavities, and the superficial 
layer of the mesoderm enveloping the lung 
rudiment expands on the growing lung and 
is converted into the pulmonary pleura. 

The pulmonary arteries are derived from 
the sixth aortic arches (Figs. 8-6 to 8-9). 


Upper Respiratory Tract 
NOSE 


External Nose 


The external nose is shaped like a pyra- 
mid, its free angle termed the apex. The two 
elliptical orifices, the nares, are separated 
from each other by a median septum, the 
columna. The interior surface of the anterior 





Fig. 15-2. Lung buds from a human embryo of about 
four weeks, showing commencing lobulations. (His.) 


nares or nostrils is provided with stiff hairs, 
or vibrissae, which arrest the passage of for- 
eign substances carried with the current of 
air intended for respiration. The lateral sur- 
faces of the nose form, by their union in the 
midline, the dorsum nasi, the direction of 
which varies considerably in different indi- 
viduals. The upper part of the dorsum is sup- 
ported by the nasal bones and is named the 
bridge. The lateral surface ends below in 
rounded eminences, the alae nasi. 

STRUCTURE. The framework of the exter- 
nal nose is composed of bones and carti- 
lages; it is covered by the integument and is 
lined by mucous membrane. 

Bones and Cartilage. ‘The bony frame- 
work occupies the upper part of the organ; it 
consists of the nasal bones and the frontal 
processes of the maxillae. 

The cartilaginous framework consists of 





Fic. 15-3. Lungs of a human embryo more advanced in 
development. (His.) 


five large pieces: the septal cartilage, the two 
lateral and the two greater alar cartilages, 
and several smaller pieces, the lesser alar 
cartilages (Figs. 15-4 to 15-7). The various 
cartilages are connected to each other and to 
the bones by a tough fibrous membrane. 

The septal cartilage is thicker at its mar- 
gins than at its center and separates the nasal 
cavities. Its anterior margin is connected 
with the nasal bones, and is continuous with 
the anterior margins of the lateral cartilages. 
Inferiorly, it is connected to the medial crura 
of the greater alar cartilages by fibrous tis- 
sue. Its posterior margin is connected with 
the perpendicular plate of the ethmoid; its 
inferior margin, with the vomer and the pal- 
atine processes of the maxillae. 

The septal cartilage may be prolonged 
posteriorly (especially in children) for some 
distance between the vomer and perpendic- 
ular plate of the ethmoid as a narrow proc- 
ess, the sphenoidal process. The septal car- 
tilage does not reach as far as the lowest 
part of the nasal septum. This is formed by 
the medial crura of the greater alar carti- 
lages. 

The lateral cartilage (upper lateral carti- 
lage) is situated below the inferior margin of 
the nasal bone; it is flat and triangular. Its 
anterior margin is thicker than the posterior, 
and is continuous above with the cartilage of 
the septum, but separated from it below by a 
narrow fissure. Its superior margin is at- 
tached to the nasal bone and the frontal 
process of the maxilla; its inferior margin is 
connected by fibrous tissue with the greater 
alar cartilage. 

The greater alar cartilage (lower Iateral 
cartilage) is a thin, flexible plate situated 
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Fic. 15-4. Cartilages of the nose. Side view. 
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Fic. 15-5. Cartilages of the nose. Inferior view. 


immediately below the lateral cartilage and 
bent upon itself in such a manner that it 
forms the medial and lateral walls of the 
naris of its own side. The portion that forms 
the medial wall is loosely connected with 
the corresponding portion of the opposite 
cartilage, the two forming, together with the 
thickened integument and subjacent tissue, 
the septum mobile nasi. The part that forms 
the lateral wall is curved to correspond with 
the ala of the nose. It is oval, flat, and nar- 
row posteriorly where it is connected with 
the frontal process of the maxilla by a tough 
fibrous membrane, in which are found three 
or four small cartilaginous plates, the lesser 
alar cartilages (sesamoid cartilages). Superi- 
orly, the greater alar cartilage is connected 
by fibrous tissue to the lateral cartilage and 
anterior part of the cartilage of the septum; 
inferiorly, it falls short of the margin of the 
naris, the ala being completed by fatty and 
fibrous tissue covered by skin. Anteriorly, 
the greater alar cartilages are separated by a 
notch that corresponds with the apex of the 
nose. 
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Fic. 15-6. Bones and cartilages of septum of nose. Right 
side. 
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Fic. 15-7. Cartilages of the nose. Anterior view. 


Muscles. The muscles acting on the ex- 
ternal nose are described in Chapter 6. 

Integument. ‘The integument of the dor- 
sum and sides of the nose is thin and loosely 
connected with the subjacent parts, but over 
the tip and alae it is thicker and more firmly 
adherent, and is furnished with a large num- 
ber of sebaceous follicles, the orifices of 
which are usually quite distinct. 


Vessels and Nerves. The arteries of the exter- 
nal nose are the alar and septal branches of the facial 
artery, which supply the alae and septum. The dor- 
sum and sides are supplied from the dorsal nasal 
branch of the ophthalmic artery and the infraorbital 
branch of the maxillary artery. The veins end in the 
facial and ophthalmic veins. 

The nerves for the muscles of the nose are de- 
rived from the facial nerve. The skin receives 
branches from the infratrochlear and nasociliary 
branches of the ophthalmic nerve and from the infra- 
orbital branch of the maxillary nerve. 


Nasal Cavity 


The nasal cavity is divided by the median 
septum into two symmetrical and approxi- 
mately equal chambers, the nasal fossae. 
They have their external openings through 
the nostrils or nares, and they open into the 
nasopharynx through the choanae. The 
nares are oval apertures measuring about 
1.5 cm anteroposteriorly and 1cm trans- 
versely. The choanae are two oval openings 


measuring approximately 2.5cm vertically 
and 1.5 cm transversely. 

The bony boundaries of the nasal cavity 
are described in Chapter 4, Osteology. 

Inside the aperture of the nostril is a slight 
dilatation, the vestibule, which is bounded 
laterally by the ala and lateral crus of the 
greater alar cartilage and medially by the 
medial crus of the same cartilage. It is lined 
by skin containing hairs and sebaceous 
glands, and it extends as a small recess to- 
ward the apex of the nose. Each nasal fossa 
is divided into two parts: an olfactory region, 
consisting of the superior nasal concha and 
the opposed part of the septum, and a respi- 
ratory region, which comprises the rest of 
the cavity. 

LATERAL WALL (Figs. 15-8; 15-9). On the lat- 
eral wall are the superior, middle, and in- 
ferior nasal conchae, overhanging the corre- 
sponding nasal passages or meatuses. Above 
the superior concha is a narrow recess, the 
sphenoethmoidal recess, into which the 
sphenoidal sinus opens. The superior mea- 
tus is a short oblique passage that extends 
about half way along the superior border of 
the middle concha; the posterior ethmoidal 
cells open into the anterior part of this mea- 
tus. The middle meatus is continued anteri- 
orly into a shallow depression situated 
above the vestibule and named the atrium of 
the middle meatus. The lateral wall of this 
meatus is fully displayed only by raising or 
removing the middle concha. On it is a 
rounded elevation, the bulla ethmoidalis, 
and anterior and inferior to this is a curved 
cleft, the hiatus semilunaris. 

The bulla ethmoidalis (Fig. 15-9) is 
caused by the bulging of the middle ethmoi- 
dal cells, which open on or immediately 
above it, and the size of the bulla varies with 
that of its contained cells. 

The hiatus semilunaris is the narrow 
curved opening into a deep pocket, the in- 
fundibulum. It is bounded inferiorly by the 
sharp concave margin of the uncinate proc- 
ess of the ethmoid bone, and superiorly, by 
the bulla ethmoidalis. The anterior ethmoi- 
dal cells open into the anterior part of the 
infundibulum. In slightly over 50% of sub- 
jects, the infundibulum is directly continu- 
ous with the frontonasal duct or passage 
leading from the frontal air sinus. When the 
anterior end of the uncinate process fuses 
with the anterior part of the bulla, this conti- 
nuity is interrupted, and the frontonasal 
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Fic. 15-8. Lateral wall of nasal cavity. 
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duct then opens directly into the anterior 
end of the middle meatus. 

In the bottom of the infundibulum, below 
the bulla ethmoidalis and partly hidden by 
the inferior end of the uncinate process, is 
the ostium maxillare, or opening from the 
maxillary sinus. This opening is placed near 
the roof of the sinus. An accessory opening 
from the sinus is frequently present below 
the posterior end of the middle nasal con- 
cha. The inferior meatus is inferior and lat- 
eral to the inferior nasal concha; the naso- 
lacrimal duct opens into this meatus under 
cover of the anterior part of the concha. 

MEDIAL WALL (Fig. 15-6). The medial wall 
or septum is frequently deflected from the 
median plane, thus lessening the size of one 
nasal fossa and increasing that of the other; 
ridges or spurs of bone growing into one or 
the other fossa from the septum are also 
sometimes present. Immediately over the 
incisive canal at the inferior edge of the car- 
tilage of the septum is a depression, the na- 
sopalatine recess. In the septum close to this 
recess a minute orifice may be discerned; it 
leads posteriorly into a blind pouch, the ru- 
dimentary vomeronasal organ of Jacobson,! 
which is supported by a strip of cartilage, 
the vomeronasal cartilage. This organ is well 
developed in many of the lower animals, 
where it apparently plays a part in the sense 
of smell, since it is supplied by twigs of the 
olfactory nerve and is lined by epithelium 
similar to that in the olfactory region of the 
nose. 

ROOF. The roof of the nasal cavity is nar- 
row from side to side, except at its posterior 
part, and may be divided into sphenoidal, 
ethmoidal, and frontonasal parts, after the 
bones that form it. 

FLOOR. ‘The floor is concave from side to 
side. Its anterior three-fourths are formed by 
the palatine process of the maxilla; its poste- 
rior fourth is formed by the horizontal proc- 
ess of the palatine bone. 

MUCOUS MEMBRANE. ‘The nasal mucous 
membrane lines the nasal cavity and adheres 
intimately to the periosteum or perichon- 
drium. It is continuous with the skin through 
the nares, and with the mucous membrane 
of the nasal part of the pharynx through the 
choanae. From the nasal fossa its continuity 
with the conjunctiva may be traced through 
the nasolacrimal and lacrimal ducts; it is 


1Ludwig Levin Jacobson (1783-1843): A Danish anato- 
mist and physician (Copenhagen). 


continuous with the frontal. ethmoidal. 
sphenoidal, and maxillary sinuses through 
the several openings in the meatuses. Conti- 
nuity with the middle ear is established with 
the nasopharynx through the auditory tube. 
The mucous membrane is thickest and most 
vascular over the nasal conchae. It is also 
thick over the septum, but very thin in the 
meatuses, on the floor of the nasal cavity, 
and in the various sinuses. 

Owing to the thickness of the greater part 
of this membrane, the nasal Cavities are 
much narrower and the middle and inferior 
nasal conchae appear larger and more prom- 
inent than in the skeleton; the various aper- 
tures communicating with the meatuses also 
are considerably narrowed. 

Structure of the Mucous Membrane. The 
mucous membrane covering the respiratory 
portion of the nasal cavity has a pseudostrat- 
ified, ciliated, columnar epithelium, liberally 
interspersed with goblet cells. Beneath the 
basement membrane of the epithelium, the 
areolar connective tissue is infiltrated with 
lymphocytes, which may be so numerous 
that they form a diffuse lymphoid tissue. The 
lamina propria is composed of a layer of 
glands toward the surface and a layer of 
blood vessels next to the periosteum. The 
glands may be large or small and contain ei- 
ther mucous or serous alveoli. They have 
individual openings on the surface, and their 
secretion forms a protective layer over the 
membrane which serves to warm and 
moisten the inspired air. In the deeper layers 
of the lamina propria, especially over the 
conchae, the dilated veins and blood spaces 
form a rich plexus that bears a superficial 
resemblance to erectile tissue; these areas 
easily become engorged as the result of irri- 
tation or inflammation, causing the mem- 
brane to swell and encroach upon the lumen 
of the meatuses, and even occlude the ostia 
of the sinuses. 

The mucous membrane of the paranasal 
sinuses is columnar ciliated, similar to that 
of the nasal fossae, but is much thinner and 
for the most part lacking in glands in the 
lamina propria. 

The olfactory portion of the mucous mem- 
brane of the nasal cavity is described at the 
beginning of Chapter 13. 


Vessels and Nerves. The arteries of the nasal 
cavities are the anterior and posterior ethmoidal 
branches of the ophthalmic artery, which supply the 
ethmoidal cells, frontal sinuses, and roof of the 
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Fic. 15-10. Transverse section through the anterior part of the head at a level just inferior to the apex of the dens 


(odontoid process). Inferior view. 


nose; the sphenopalatine branch of the maxillary ar- 
tery, which supplies the mucous membrane cover- 
ing the conchae, the meatuses, and septum; the sep- 
tal ramus of the superior labial branch of the facial 
artery; the infraorbital and alveolar branches of the 
maxillary artery, which supply the lining membrane 
of the maxillary sinus; and the pharyngeal branch of 
the maxillary artery, which is distributed to the sphe- 
noidal sinus. The ramifications of these vessels form 
a close plexiform network beneath and in the sub- 
Stance of the mucous membrane. 

Some veins open into the sphenopalatine vein; 
others join the facial vein. Some accompany the eth- 
moidal arteries and end in the ophthalmic veins, and 
a few communicate with the veins on the orbital sur- 
face of the frontal lobe of the brain through the fo- 
ramina in the cribriform plate of the ethmoid bone. 
When the foramen cecum is patent, it transmits a 
vein to the superior sagittal sinus. 

The lymphatics are described in Chapter 10. 

The nerves of ordinary sensation are: the naso- 
ciliary branch of the ophthalmic nerve, filaments 
from the anterior alveolar branch of the maxillary 
nerve, the nerve of the pterygoid canal, the nasopal- 
atine nerve, the anterior palatine nerve, and nasal 
branches of the pterygopalatine nerve. 

The nasociliary branch of the ophthalmic nerve 
distributes filaments to the anterior part of the sep- 
tum and lateral wall of the nasal cavity. Filaments 
from the anterior alveolar nerve supply the inferior 
meatus and inferior concha. The nerve of the ptery- 


goid canal supplies the upper and back part of the 
septum and superior concha; the upper nasal 
branches from the pterygopalatine nerve have a sim- 
ilar distribution. The nasopalatine nerve supplies the 
middle of the septum. The anterior palatine nerve 
supplies the lower nasal branches to the middle and 
inferior conchae. 

The olfactory nerves, the nerves of the special 
sense of smell, are a number of fine filaments distrib- 
uted to the mucous membrane of the olfactory re- 
gion. Their fibers arise from the bipolar olfactory 
cells and lack medullary sheaths. They unite into fas- 
ciculi that form a plexus beneath the mucous mem- 
brane and then ascend in grooves or canals in the 
ethmoid bone. They pass into the skull through the 
foramina in the cribriform plate of the ethmoid and 
enter the olfactory bulb, in which they ramify and 
form synapses with the dendrites of the mitral cells 
(see Chapter 13). 


Accessory Sinuses of the Nose 


The accessory sinuses or air cells of the 
nose (paranasal sinuses) (Figs. 15-9 to 15-12) 
are the frontal, ethmoidal, sphenoidal, and 
maxillary. They vary in size and form in dif- 
ferent individuals and are lined by ciliated 
mucous membrane directly continuous with 
that of the nasal cavity. 

FRONTAL SInuSES. The frontal sinuses, sit- 
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Fig. 15-11. Coronal section of nasal cavities. 


uated behind the superciliary arches, are 
rarely symmetrical, and the septum between 
them frequently deviates to one side or the 
other of the midline. Their average measure- 
ments are: height, 3cm; breadth, 2.5cm; 
depth, 2.5cm. A large frontal sinus may ex- 
tend out over most of the orbit. Each opens 
into the anterior part of the corresponding 
middle meatus of the nose through the fron- 
tonasal duct, which enters the anterior part 
of the middle meatus. Absent at birth, the 
frontal sinuses are generally fairly well de- 
veloped between the seventh and eighth 
years, but reach their full size only after 
puberty. 

ETHMOIDAL alR CELLS. The ethmoidal air 
cells consist of numerous small, thin-walled 
cavities occupying the ethmoidal labyrinth 
and completed by the frontal, maxillary, lac- 
rimal, sphenoidal, and palatine bones. They 
lie between the upper parts of the nasal cavi- 
ties and the orbits, and are separated from 
these cavities by thin bony laminae. On ei- 
ther side they are arranged in three groups: 
anterior, middle, and posterior. The anterior 
and middle groups open into the middle 
meatus of the nose, the former by way of the 
infundibulum, the latter on or above the 


bulla ethmoidalis. The posterior cells open 
into the superior meatus under cover of the 
superior nasal concha; sometimes one or 
more open into the sphenoidal sinus. The 
ethmoidal cells begin to develop after fetal 
life. 

SPHENOIDAL SINUSES. The sphenoidal si- 
nuses (Fig. 15-9), contained within the body 
of the sphenoid, vary in size and shape, and 
owing to the lateral displacement of the in- 
tervening septum, they are rarely symmetri- 
cal. Their average measurements are: verti- 
cal height, 2.2 cm; transverse breadth, 2 cm; 
depth 2.2cm. When exceptionally large, 
they may extend into the roots of the ptery- 
goid processes or great wings, and may in- 
vade the basilar part of the occipital bone. 
Each sinus communicates with the spheno- 
ethmoidal recess by means of an ostium in 
the upper part of its anterior wall. The sphe- 
noidal sinuses are present as minute cavities 
at birth, but their main development takes 
place after puberty. 

MAXILLARY SINUS. The maxillary sinus 
(antrum of Highmore'), the largest of the 


! Nathaniel Highmore (1613-1685): An English physician 
(Sherborne). 
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Fic. 15-12. Radiograph of adult skull, frontal view, showing the frontal sinus (F), the ethmoid air cells (E), and the 
maxillary sinus (M). (From Juhl, J.H., Essentials of Roentgen Interpretation, 4th ed., Harper and Row Publishers, 


Hagerstown, Md., 1981.) 


accessory sinuses of the nose, is a pyramidal 
cavity in the body of the maxilla. Its base is 
formed by the lateral wall-of the nasal cav- 
ity, and its apex extends into the zygomatic 
process. Its roof or orbital wall is frequently 
ridged by the bony wall of the infraorbital 
canal; its floor is formed by the alveolar 
process and is usually 1 to 10 mm below the 
level of the floor of the nose. Projecting into 
the floor are several conical elevations corre- 
sponding with the roots of the first and sec- 
ond molar teeth, and in some cases the floor 
is perforated by one or more of these roots. 
The size of the sinus varies in different skulls 
and even on the two sides of the same skull. 
The adult capacity varies from 9.5 cc to 20 cc 
(average about 14.75 cc). The measurements 
of an average-sized sinus are: vertical height 
opposite the first molar tooth, 3.75 cm; trans- 
verse breadth, 2.5 cm; anteroposterior depth, 
3cm. In the superior part of its medial wall 
is an ostium through which it communicates 
with the lower part of the infundibulum; a 
second or accessory orifice is frequently 


present in the middle meatus posterior to the 
first. The maxillary sinus appears as a shal- 
low groove on the medial surface of the bone 
about the fourth month of fetal life, but does 
not reach its full size until after the second 
dentition. 


LARYNX 


The larynx or organ of voice is the part of 
the air passage that connects the pharynx 
with the trachea. It produces a considerable 
projection in the midline of the neck called 
the Adam's apple. It forms the inferior part 
of the anterior wall of the pharynx, and is 
covered by the mucous lining of that cavity. 
Its vertical extent corresponds to the fourth, 
fifth, and sixth cervical vertebrae, but it is 
placed somewhat higher in the female and 
also during childhood; on either side of it lie 
the great vessels of the neck. The average 
measurements of the adult larynx in both 
males and females appear on page 1366. 
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Males Females 

(mm) (mm) 
Length..........—_—————n 44 36 
Transverse diameter @aaaanee 43 41 
Anteroposterior diameter... .. 36 26 
Circumference . . =e 136 dae 


Until puberty the larynx of the male differs 
little in size from that of the female. In the female 
its increase after puberty is only slight; in the 
male it undergoes considerable increase; all the 
cartilages are enlarged and the thyroid cartilage 
becomes prominent in the midline of the neck, 
while the length of the rima glottidis is nearly 
doubled. 


The larynx is broad above, where it pre- 
sents the form of a triangular box flattened 
dorsally and at the sides, and it is bounded 
ventrally by a prominent vertical ridge. Cau- 
dally, it is narrow and cylindrical. It is com- 
posed of cartilages, which are connected 
together by ligaments and moved by numer- 
ous muscles. It is lined by mucous mem- 
brane continuous with that of the pharynx 
and the trachea. 


Cartilages of the Larynx 


There are nine cartilages of the larynx 
(Fig. 15-13), three single and three paired, as 
follows: 


Thyroid 

Cricoid 
Arytenoid (two) 
Corniculate (two) 
Cuneiform (two) 
Epiglottis 


THYROID CARTILAGE. The thyroid cartilage 
(Fig. 15-13) is the largest cartilage of the lar- 
ynx. It consists of two laminae, the anterior 
borders of which are fused with each other 
at an acute angle in the midline of the neck: 
these form a subcutaneous projection named 
the laryngeal prominence (Adam's apple). 
This prominence is most distinct at its cra- 
nial part and is larger in the male than in 
the female. Immediately above it, the lami- 
nae are separated by a V-shaped notch, the 
superior thyroid notch. The laminae are ir- 
regularly quadrilateral in shape, and their 
posterior angles are prolonged into proc- 
esses termed the superior and_ inferior 
cornua. 

On the outer surface of each lamina an 
oblique line runs caudalward and ventral- 
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Fic. 15-13. The cartilages of the larynx. Posterior view. 


ward from the superior thyroid tubercle, sit- 
uated near the root of the superior cornu, to 
the inferior thyroid tubercle on the caudal 
border. This line gives attachment to the 
sternothyroid, thyrohyoid, and the inferior 
pharyngeal constrictor. The inner surface is 
smooth; cranially and dorsally it is slightly 
concave and covered by mucous membrane. 
Ventrally, in the angle formed by the june- 
tion of the laminae, are attached the stem of 
the epiglottis, the ventricular and vocal liga- 
ments, the thyroarytenoid, thyroepiglotticus, 
and vocalis muscles, and the thyroepiglottic 
ligament. 

The cranial border is concave dorsally 
and convex ventrally; it gives attachment to 
the corresponding half of the thyrohvoid 


membrane. The caudal border is concave 
dorsally and nearly straight ventrally, the 
two parts being separated by the inferior 
thyroid tubercle. A small part of it in and 
near the midline is connected to the cricoid 
cartilage by the middle cricothyroid liga- 
ment. The dorsal border, thick and rounded, 
receives the insertions of the stylopharyn- 
geus and palatopharyngeus. It ends cranially, 
in the superior cornu, and caudally, in the 
inferior cornu. The superior cornu is long 
and narrow, directed cranialward, and ends 
in a conical extremity, which gives attach- 
ment to the lateral thyrohyoid ligament. The 
inferior cornu is short and thick; it is di- 
rected caudalward, with a slight inclination, 
and presents, on the medial side of its tip, a 
small oval articular facet for articulation 
with the side of the cricoid cartilage. 

During infancy, the laminae of the thyroid 
cartilage are joined to each other by a nar- 
row, lozenge-shaped strip named the intra- 
thyroid cartilage. This strip extends from the 
cranial to the caudal border of the cartilage 
in the midline, and is distinguished from the 
laminae by being more transparent and 
more flexible. 

CRICOID CARTILAGE. The cricoid cartilage 
(Fig. 15-13) is smaller but thicker and 
stronger than the thyroid, and forms the cau- 
dal and dorsal parts of the wall of the larynx. 
It consists of two parts: a posterior quadrate 
lamina and a narrow anterior arch, one- 
fourth or one-fifth of the depth of the lamina. 

The lamina of the cricoid cartilage is deep 
and broad and measures about 2 or 3 cm 
craniocaudally. On its dorsal surface, in the 
midline, is a vertical ridge, to the caudal part 
of which are attached the longitudinal fibers 
of the esophagus, and on either side of this 
ridge is a broad depression for the posterior 
cricoarytenoid. 

The arch is narrow, convex, and measures 
vertically from 5 to 7 mm; it affords attach- 
ment externally, ventrally, and at the sides 
to the cricothyroid muscle, and dorsally, 
to part of the inferior constrictor of the 
pharynx. 

On either side, at the junction of the lam- 
ina with the arch, is a small round articular 
surface for articulation with the inferior 
cornu of the thyroid cartilage. 

The caudal border of the cricoid cartilage 
is horizontal and connected to the highest 
ring of the trachea by the cricotracheal liga- 
ment. The cranial border runs obliquely 
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cranialward and dorsalward, owing to the 
great depth of the lamina. It gives attach- 
ment, ventrally, to the middle cricothyroid 
ligament and at the side, to the conus 
elasticus and the lateral cricoarytenoids. 
Dorsally, it has a shallow notch in the mid- 
dle, and on either side of this a smooth, oval 
convex surface for articulation with the base 
of an arytenoid cartilage. The inner surface 
of the cricoid cartilage is smooth and lined 
by mucous membrane. 

ARYTENOID CARTILAGE. The arytenoid carti- 
lages (Fig. 15-13) are two in number, situated 
at the cranial border of the lamina of the cri- 
coid cartilage, at the dorsum of the larynx. 
Each is pyramidal and has three surfaces, a 
base, and an apex. 

The dorsal surface is triangular, smooth, 
concave, and gives attachment to the 
oblique and transverse arytenoid. The ven- 
trolateral surface is somewhat convex and 
rough. On it, near the apex of the cartilage, is 
a rounded elevation (colliculus) from which 
a ridge (crista arcuata) curves at first dorsal- 
ward and then caudalward and ventralward 
to the vocal process. The caudal part of this 
crest intervenes between two depressions or 
foveae: an upper triangular depression and a 
lower oblong depression. The latter gives 
attachment to the vocalis muscle. The me- 
dial surface is narrow, smooth, and flat. It is 
covered by mucous membrane and forms 
the lateral boundary of the intercartilagi- 
nous part of the rima glottidis. 

The base of each cartilage is broad, and 
has a concave smooth surface for articula- 
tion with the cricoid cartilage. Its lateral 
angle is short, round, and prominent; it pro- 
jects dorsalward, and is termed the muscular 
process. It receives the insertion of the pos- 
terior cricoarytenoid dorsally and the lateral 
cricoarytenoid ventrally. Its anterior angle, 
also prominent but more pointed, projects 
horizontally ventralward; it gives attach- 
ment to the vocal ligament and is called the 
vocal process (Fig. 15-16). 

The apex of each cartilage is pointed, 
curved dorsalward and medialward, and 
surmounted by a small conical, cartilaginous 
nodule, the corniculate cartilage. 

CORNICULATE CARTILAGE. The corniculate 
cartilages (cartilages of Santorini‘) are two 
small conical nodules consisting of yellow 


'Giovanni Domenico Santorini (1681-1737): An Italian 
anatomist (Venice). 
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elastic cartilage, which articulate with the 
summits of the arytenoid cartilages and 
serve to prolong them dorsalward and 
medialward. They are situated in the poste- 
rior parts of the aryepiglottic folds of mu- 
cous membrane, and they are sometimes 
fused with the arytenoid cartilages. 
CUNEIFORM cCaRTILAGE. The cuneiform 
cartilages (cartilages of Wrisberg*) are two 
small, elongated pieces of yellow elastic car- 
tilage, placed one on either side, in the ary- 


epiglottic fold, where they give rise to small 


*Heinrich August Wrisberg (1739-1808): A German anat- 
omist (Gottingen). 
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whitish elevations on the surface of the mu- 
cous membrane, just ventral to the arytenoid 
cartilages. 

EpiGLoTTIS. The epiglottis (Fig. 15-13) is a 
thin lamella of yellow elastic cartilage, 
shaped like a leaf. It projects obliquely up- 
ward behind the root of the tongue and ven- 
tral to the entrance of the larynx. The free 
extremity is broad and round; the attached 
part or stem is long, narrow, and connected 
by the thyroepiglottic ligament to the angle 
formed by the two laminae of the thyroid 
cartilage, a short distance caudal to the supe- 
rior thyroid notch. The caudal part of its an- 
terior surface is connected to the cranial 
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Fic. 15-14. The ligaments of the larynx. Anterolateral view. 


border of the body of the hyoid bone by an 
elastic ligamentous band, the hyoepiglottic 
ligament. 

The anterior or lingual surface is curved 
ventralward and is covered on its cranial, 
free part by mucous membrane, which is re- 
flected onto the sides and root of the tongue, 
forming a median and two lateral glossoepi- 
glottic folds. The lateral folds are partly at- 
tached to the wall of the pharynx. The de- 
pressions between the epiglottis and the root 
of the tongue, on either side of the median 
fold, are named the valleculae (Fig. 15-18). 
The caudal part of the anterior surface lies 
dorsal to the hyoid bone, the hyothyroid 
membrane, and the upper part of the thyroid 
cartilage, but is separated from these struc- 
tures by a mass of fatty tissue. 

The posterior or laryngeal surface is 
smooth, concave from side to side, and 
concavoconvex vertically; its caudal part 
projects dorsalward as an elevation, the tu- 
bercle or cushion. The surface of the carti- 
lage is indented by a number of small pits in 
which mucous glands are lodged. To its sides 
the aryepiglottic folds are attached. 

STRUCTURE. The corniculate and cunei- 
form cartilages, the epiglottis, and the apices 
of the arytenoids at first consist of hyaline 
cartilage, but later elastic fibers are depos- 
ited in the matrix, converting them into yel- 
low elastic cartilage that shows little tend- 
ency to calcification. The thyroid, cricoid, 
and the greater part of the arytenoids consist 
of hyaline cartilage and become more or less 
ossified as age advances. Ossification com- 
mences about the twenty-fifth year in the 
thyroid cartilage and somewhat later in the 
cricoid and arytenoids; by the sixty-fifth 
year these cartilages may be completely con- 
verted into bone. 


Ligaments 


The ligaments of the larynx (Figs. 15-14; 
15-15) are extrinsic (those that connect the 
thyroid cartilage and epiglottis with the 
hyoid bone, and the cricoid cartilage with 
the trachea) and intrinsic (those that connect 
the several cartilages of the larynx to each 
other). 

EXTRINSIC LIGAMENTS. The ligaments that 
connect the thyroid cartilage with the hyoid 
bone are the thyrohyoid membrane and a 
middle and two lateral thyrohyoid ligaments. 
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The thyrohyoid membrane (hyothyroid 
membrane) is a broad, fibroelastic layer at- 
tached to the cranial border of the thyroid 
cartilage and to the front of its superior 
cornu, and to the cranial margin of the dor- 
sal surface of the body and greater cornua of 
the hyoid bone. It thus passes dorsal to the 
posterior surface of the body of the hyoid, 
and is separated from it by a bursa that facil- 
itates the upward movement of the larynx 
during deglutition. Its middle thicker part 
is termed the middle thyrohyoid ligament 
(middle hyothyroid ligament); its lateral 
thinner portions are pierced by the superior 
laryngeal vessels and the internal branch of 
the superior laryngeal nerve. Its anterior sur- 
face is in relation with the thyrohyoid, ster- 
nohyoid, and omohyoid muscles, and with 
the body of the hyoid bone. 

The thyrohyoid ligament (lateral hyothy- 
roid ligament) is a round elastic cord that 
forms the posterior border of the thyrohyoid 
membrane and passes between the tip of the 
superior cornu of the thyroid cartilage and 
the extremity of the greater cornu of the 
hyoid bone. A small cartilaginous nodule 
(cartilago triticea), sometimes bony, is fre- 
quently found in it. 

The epiglottis is connected with the hyoid 
bone by an elastic band, the hyoepiglottic 
ligament, which extends from the anterior 
surface of the epiglottis to the upper border 
of the body of the hyoid bone. The glossoepi- 
glottic folds of mucous membrane may also 
be considered extrinsic ligaments of the epi- 
glottis. 

The cricotracheal ligament connects the 
cricoid cartilage with the first ring of the tra- 
chea. It resembles the fibrous membrane that 
connects the cartilaginous rings of the tra- 
chea to each other. 

INTRINSIC LIGAMENTS. Beneath the mu- 
cous membrane of the larnyx is a broad 
sheet of fibrous tissue that contains many 
elastic fibers and is termed the elastic mem- 
brane of the larynx. It is subdivided on ei- 
ther side by the interval between the ven- 
tricular and vocal ligaments. The cranial 
portion extends between the arytenoid carti- 
lage and the epiglottis and is often poorly 
defined; the caudal part is a well-marked 
membrane that forms, with its fellow of the 
opposite side, the conus elasticus, which 
connects the thyroid, cricoid, and arytenoid 
cartilages to one another. 
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Fig. 15-15. The ligaments of the larynx viewed from the posterior aspect. Note that the right half of the thyrohyoid 
membrane has been removed to show the contours of the thyroid cartilage, the epiglottis, and the hyoid bone. 


The conus elasticus (cricothyroid mem- 
brane) is composed mainly of yellow elastic 
tissue. It consists of an anterior and two lat- 
eral portions. The anterior part or middle 
cricothyroid ligament (ligamentum cricothy- 
roideum medium; central part of cricothy- 
roid membrane) is thick, strong, and con- 
nects the ventral parts of the contiguous 
margins of the thyroid and cricoid cartilages. 
It is overlapped on either side by the crico- 


thyroid muscles, but between these it is sub- 
cutaneous; it is crossed horizontally by a 
small anastomotic arterial arch formed by 
the junction of the two cricothyroid arteries, 
branches of which pierce it. The lateral 
portions are thinner and lie close under the 
mucous membrane of the larynx; they ex- 
tend from the superior border of the cricoid 
cartilage to the inferior margin of the vocal 
ligaments, with which they are continuous. 


These ligaments may, therefore, be regarded 
as the free borders of the lateral portions of 
the conus elasticus, and they extend from 
the vocal processes of the arytenoid carti- 
lages to the angle of the thyroid cartilage 
about midway between its cranial and cau- 
dal borders. 

An articular capsule, strengthened poste- 
riorly by a well-marked fibrous band, en- 
closes the articulation of the inferior cornu 
of the thyroid with the cricoid cartilage on 
either side. 

Each arytenoid cartilage is connected to 
the cricoid by a capsule and a posterior 
cricoarytenoid ligament. The capsule is thin 
and loose and is attached to the margins of 
the articular surfaces. The posterior crico- 
arytenoid ligament extends from the cricoid 
to the medial and dorsal part of the base of 
the arytenoid. 

The thyroepiglottic ligament is a long, 
slender, elastic cord that connects the stem 
of the epiglottis with the angle of the thyroid 
cartilage immediately beneath the superior 
thyroid notch and cranial to the attachment 
of the ventricular ligaments. 


MOVEMENTS. The articulation between the infe- 
rior cornu of the thyroid cartilage and the cricoid 
cartilage on either side is diarthrodial and permits 
rotatory and gliding movements. During the rotatory 
movement, the cricoid cartilage rotates upon the in- 
ferior cornua of the thyroid cartilage around an axis 
that passes transversely through both joints. The 
gliding movement consists of a limited shifting of 
the cricoid on the thyroid in different directions. 

The articulation between the arytenoid cartilages 
and the cricoid is also diarthrodial and permits two 
varieties of movement: one is rotation of the aryte- 
noid on a vertical axis, whereby the vocal process is 
moved lateralward or medialward and the rima 
glottidis is increased or diminished; the other is a 
gliding movement, which allows the arytenoid carti- 
lages to approach or recede from each other. From 
the direction and slope of the articular surfaces, lat- 
eral gliding is accompanied by a forward and down- 
ward movement. The two movements of gliding and 
rotation are associated, the medial gliding being con- 
nected with the medialward rotation, and the lateral 
gliding with lateralward rotation. The posterior 
cricoarytenoid ligaments limit the forward move- 
ment of the arytenoid cartilages on the cricoid. 


Interior of the Larynx 


The cavity of the larynx extends from the 
laryngeal entrance to the caudal border of 
the cricoid cartilage, where it is continuous 
with that of the trachea. It is divided into 


UPPER RESPIRATORY TRACT Wo? | 


two parts by the projection of the vocal 
folds, between which is a narrow triangular 
fissure or opening, the rima glottidis. The 
portion of the cavity of the larynx above the 
vocal folds is called the vestibule. It is wide 
and triangular; about the center of its base or 
anterior wall, however, is the backward pro- 
jection of the tubercle of the epiglottis. It 
contains the ventricular folds, and between 
these and the vocal folds are the ventricles 
of the larynx. The portion caudal to the 
vocal folds is at first elliptical, but widens 
out, assumes a circular form, and is continu- 
ous with the tube of the trachea (Figs. 15-16; 
15-17). 

ENTRANCE OF THE LARYNX. The entrance of 
the larynx (Fig. 15-18) is bounded ventrally 
by the epiglottis: dorsally, by the apices of 
the arytenoid cartilages, the corniculate car- 
tilages, and the interarytenoid notch; and on 
either side, by a fold of mucous membrane, 
enclosing ligamentous and muscular fibers, 
which is stretched between the side of the 
epiglottis and the apex of the arytenoid car- 
tilage. This is the aryepiglottic fold, on the 
posterior part of the margin of which the 
cuneiform cartilage forms a more or less dis- 
tinct whitish prominence, the cuneiform 
tubercle. 

VESTIBULAR FOLDS. The vestibular folds 
(plicae ventriculares; superior or false vocal 
cords) are two thick folds of mucous mem- 
brane, each of which encloses a narrow 
band of fibrous tissue, the vestibular liga- 
ment, which is attached ventrally to the 
angle of the thyroid cartilage, immediately 
below the attachment of the epiglottis, and 
dorsally to the ventrolateral surface of the 
arytenoid cartilage, a short distance above 
the vocal process. The caudal border of this 
ligament, enclosed in mucous membrane, 
forms a free crescentic margin, which con- 
stitutes the upper boundary of the ventricle 
of the larynx. 

vocat Fotos. The vocal folds (plicae 
vocales; inferior or true vocal cords) enclose 
two strong bands named the vocal ligaments 
or vocal cords (inferior thyroarytenoid). 
Each ligament consists of a band of yellow 
elastic tissue attached ventrally to the angle 
of the thyroid cartilage and dorsally to the 
vocal process of the arytenoid. Its caudal 
border is continuous with the thin lateral 
part of the conus elasticus. Its cranial border 
forms the boundary of the ventricle of the 
larynx. Laterally, the vocalis muscle lies paral- 
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Fic. 15-16. A dissection to show the right half of the conus elasticus. The right lamina of the thyroid cartilage and the 
subjacent muscles have been removed. 
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Fig. 15-17. Sagittal section of larynx, right half. 
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Fic. 15-18. The entrance to the larynx, posterior view. 


lel with it. The ligament is covered medially 
by mucous membrane that is extremely thin 
and closely adheres to its surface. 
VENTRICLE. The ventricle of the larynx 
(ventriculus laryngis [Morgagnii']; laryn- 
geal sinus) is a fusiform fossa, bounded by 
the free crescentic edge of the ventricular 
fold, by the straight margin of the vocal fold 
and by the mucous membrane covering the 
corresponding thyroarytenoid muscle. The 
anterior part of the ventricle leads by a nar- 
row opening into a cecal pouch of mucous 
membrane of variable size called the ap- 


pendix. 
APPENDIX. The appendix of the laryngeal 
ventricle (appendix ventriculi laryngis; 


laryngeal saccule) is a membranous sac 
placed between the ventricular fold and the 
inner surface of the thyroid cartilage, occa- 
sionally extending as far as its cranial border 
or even higher. On the surface of its mucous 
membrane are the openings of 60 or 70 mu- 
cous glands, which are lodged in the submu- 
cous areolar tissue. This sac is enclosed in a 
fibrous capsule that is continuous caudally 
with the ventricular ligament. Its medial sur- 


‘Giovanni Battista Morgagni (1682-1771): An Italian 
anatomist and pathologist (Padua). 


face is covered by a few delicate muscular 
fasciculi that arise from the apex of the ary- 
tenoid cartilage and become lost in the ary- 
epiglottic fold of mucous membrane; later- 
ally it is separated from the thyroid cartilage 
by the thyroepiglotticus. These muscles 
compress the sac and express the secretion it 
contains upon the vocal folds to lubricate 
their surfaces. 

RIMA GLOTTIDIS. The rima glottidis (Fig. 
15-19) is the elongated fissure or opening 
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Fic. 15-19. Laryngoscopic view of interior of larynx. 


15/4 THE RESPIRATORY SYSTEM 


between the vocal folds ventrally and the 
bases and vocal processes of the arytenoid 
cartilages dorsally. It is therefore subdivided 
into a larger anterior intramembranous part 
(glottis vocalis), which measures about 
three-fifths of the length of the entire aper- 
ture, and a posterior intercartilaginous part 
(glottis respiratoria). Posteriorly it is limited 
by the mucous membrane passing between 
the arytenoid cartilages. The rima glottidis is 
the narrowest part of the cavity of the lar- 
ynx, and its level corresponds with the bases 
of the arytenoid cartilages. Its length, in the 
male, is about 23 mm; in the female, from 17 
to 18 mm. The width and shape of the rima 
glottidis vary with the movements of the 
vocal cords and arytenoid cartilages during 
respiration and phonation. In the condition 
of rest, i.e., when these structures are unin- 
fluenced by muscular action, as in quiet res- 
piration, the intermembranous part is trian- 
gular, with its apex in front and its base 
behind (the latter is represented by a line, 
about 8 mm long, connecting the anterior 
ends of the vocal processes, while the medial 
surfaces of the arvtenoids are parallel to 
each other, and hence the intercartilaginous 
part is rectangular). During extreme adduc- 
tion of the vocal folds, as in the emission of a 
high note, the intermembranous part is re- 
duced to a linear slit by the apposition of the 
vocal folds, while the intercartilaginous part 
is triangular, its apex corresponding to the 
anterior ends of the vocal processes of the 
arytenoids, which are approximated by the 
medial rotation of the cartilages. Conversely, 
in extreme abduction of the vocal folds, as in 
forced inspiration, the arytenoids and their 
vocal processes are rotated lateralward and 
the intercartilaginous part is triangular, but 
with its apex directed backward. In this 
condition the entire glottis is somewhat loz- 
enge-shaped, the widest part of the aperture 
corresponding with the attachments of the 
vocal folds to the vocal processes. 


Muscles 


The muscles of the larynx are extrinsic, 
passing between the larynx and_ parts 
around (described in Chapter 6), and intrin- 
sic, confined entirely to the larynx. 

The intrinsic muscles are: 


Cricothyroid 
Posterior cricoarytenoid 


Lateral cricoarytenoid 
Arytenoid 
Thyroarytenoid 


CRICOTHYROID. The triangular cricothy- 
roid muscle (Fig. 15-20) arises from the front 
and lateral part of the cricoid cartilage; its 
fibers are arranged in two groups. The cau- 
dal fibers constitute a pars obliqua and slant 
backward to the anterior border of the infe- 
rior cornu; the anterior fibers, forming a 
pars recta, run cranialward, backward, and 
lateralward to the posterior part of the lower 
border of the lamina of the thyroid cartilage. 
The medial borders of the muscles on the 
two sides are separated by a triangular inter- 
val, occupied by the middle cricothyroid lig- 
ament. 

POSTERIOR CRICOARYTENOID. The _ poste- 
rior cricoarytenoid (Fig. 15-20) arises from 
the broad depression on the corresponding 
half of the posterior surface of the lamina of 
the cricoid cartilage; its fibers run cranial- 
ward and lateralward, and converge to be 
inserted into the back of the muscular proc- 
ess of the arytenoid cartilage. The upper- 
most fibers are nearly horizontal. the middle 
are oblique, and the lowest are almost 
vertical. 

LATERAL CRICOARYTENOID. The lateral 
cricoarytenoid (Fig. 15-22) is oblong and 
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Fic. 15-20. Side view of the larynx, showing muscular 
attachments. 


smaller than the posterior cricoarytenoid 
muscle. It arises from the cranial border of 
the arch of the cricoid cartilage, and passing 
obliquely upward and backward, is inserted 
into the front of the muscular process of the 
arytenoid cartilage. 

ARYTENOID. The arytenoid (Fig. 15-21) is a 
single muscle that fills up the posterior con- 
cave surfaces of the arytenoid cartilages. It 
arises from the posterior surface and lateral 
border of one arytenoid cartilage, and is in- 
serted into the corresponding parts of the 
opposite cartilage. It consists of oblique and 
transverse parts. The oblique arytenoid, the 
more superficial, forms two fasciculi that 
pass from the base of one cartilage to the 
apex of the opposite one, and therefore cross 
each other like the limbs of the letter X. A 
few fibers are continued around the lateral 
margin of the cartilage, and are prolonged 
into the aryepiglottic fold: they are some- 
times described as a separate muscle, the 
aryepiglotticus. The transverse arytenoid 
crosses transversely between the two carti- 
lages. 

THYROARYTENOID. The thyroarytenoid 
(Figs. 15-22; 15-23) is a broad, thin, muscle 
that lies parallel with and lateral to the vocal 
fold and supports the wall of the ventricle 
and its appendix. It arises from the caudal 
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Fic. 15-21. Muscles of larynx, posterior view. 
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Fic. 15-22. Muscles of larynx, side view. Right lamina 
of thyroid cartilage removed. 


half of the angle of the thyroid cartilage and 
from the middle cricothyroid ligament. Its 
fibers pass dorsalward and lateralward, to 
be inserted into the base and anterior sur- 
face of the arytenoid cartilage. The more 
medial fibers of the muscle can be differenti- 
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Fic. 15-23. Muscles of the larynx, seen from above. 
(Enlarged.) 
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ated as a band that is inserted into the vocal 
process of the arytenoid cartilage and into 
the adjacent portion of its anterior surface; it 
is termed the vocalis, and lies parallel with 
the vocal ligament, to which it adheres. 

Many fibers of the thyroarytenoid are pro- 
longed into the aryepiglottic fold, where 
some of them become lost, while others are 
continued to the margin of the epiglottis. 
They have received a distinctive name, 
thyroepiglotticus, and are sometimes de- 
scribed as a separate muscle. A few fibers 
extend along the wall of the ventricle from 
the lateral wall of the arytenoid cartilage to 
the side of the epiglottis and constitute the 
ventricularis muscle. 


ACTIONS. The actions of the muscles of the larynx 
may be conveniently divided into two groups: (1) 
those that open and close the glottis; (2) those that 
regulate the degree of tension of the vocal folds. 

The posterior cricoarytenoids separate the vocal 
folds and, consequently, open the glottis by rotating 
the arytenoid cartilages outward around a vertical 
axis passing through the cricoarytenoid joints, so 
that their vocal processes and the vocal tolds at- 
tached to them become widely separated. 

The /ateral cricoarytenoids close the glottis by ro- 
tating the arytenoid cartilages inward, so as to ap- 
proximate their vocal processes. 

The arytenoid approximates the arytenoid carti- 
lages, and thus closes the opening of the glottis, 
especially at its back part. 

The cricothyroids produce tension and elongation 
of the vocal folds by drawing up the arch of the cri- 
cold cartilage and tilting back the upper border of its 
lamina; the distance between the vocal processes 
and the angle of the thyroid is thus increased and 
the folds are elongated. 

The thyroarytenoids, consisting of two parts hav- 
ing different attachments and different directions, 
have a rather complicated action. Their main action 
is to draw the arytenoid cartilages forward toward 
the thyroid and thus shorten and relax the vocal 
folds. Their lateral portions rotate the arytenoid carti- 
lage inward and thus narrow the rima glottidis by 
bringing the two vocal folds together. Certain min- 
ute fibers of the vocalis division, inserting obliquely 
upon the vocal ligament and designated as the 
aryvocalis muscle, are considered by Strong 
(1935) to be chiefly responsible for the control of 
pitch, through their ability to regulate the length of 
the vibrating part of the vocal folds. 

The manner in which the entrance of the larynx is 
closed during deglutition is discussed in Chapter 16. 


Structure 


MUCOUS MEMBRANE. The mucous mem- 
brane of the larynx is continuous with that 
lining the mouth, pharynx, trachea and 


bronchi, and is prolonged into the lungs. It 
lines the posterior surface and the upper 
part of the anterior surface of the epiglottis, 
to which it is closely adherent, and helps to 
form the aryepiglottic folds, which bound 
the entrance of the larynx. It lines the whole 
of the cavity of the larynx; by its reduplica- 
tion, it forms the chief part of the vestibular 
fold, and from the ventricle, it is continued 
into the ventricular appendix. It is then re- 
flected over the vocal ligament, where it is 
thin and intimately adherent, covers the 
inner surface of the conus elasticus and cri- 
coid cartilage, and is ultimately continuous 
with the lining membrane of the trachea. 
The anterior surface and the upper half of 
the posterior surface of the epiglottis, the 
upper part of the aryepiglottic folds, and the 
vocal folds are covered by stratified squa- 
mous epithelium; all the rest of the laryngeal 
mucous membrane is covered by columnar 
ciliated cells, but patches of stratified squa- 
mous epithelium are found in the mucous 
membrane above the glottis. 

GLANDS. The mucous membrane of the 
larynx is furnished with numerous muCus- 
secreting glands, the orifices of which are 
found in nearly every part; they are plentiful 
upon the epiglottis, being lodged in little pits 
in its substance; they are also found in large 
numbers along the margin of the aryepiglot- 
tic fold in front of the arytenoid cartilages, 
where they are termed the arytenoid glands. 
They exist also in large numbers in the ven- 
tricular appendages. None are found on the 
free edges of the vocal folds. 


VESSELS. The chief arteries of the larynx are the 
laryngeal branches derived from the superior and 
inferior thyroid arteries. The veins accompany the 
arteries; those accompanying the superior laryngeal 
artery join the superior thyroid vein, which opens 
into the internal jugular vein, while those accompa- 
nying the inferior laryngeal artery join the inferior 
thyroid vein, which opens into the brachiocephalic 
vein. The lymphatic vessels consist of two sets, 
superior and inferior. The former accompany the 
superior laryngeal artery and pierce the thyrohyoid 
membrane, to end in the nodes situated near the 
bifurcation of the common carotid artery. Of the 
latter, Some pass through the middle cricothyroid 
ligament and open into nodes lying in front of that 
ligament or in front of the upper part of the trachea, 
while others pass to the deep cervical nodes and to 
the nodes accompanying the inferior thyroid artery. 

NERVES. The nerves are derived from the vagus 
nerve by way of the internal and external branches 
of the superior laryngeal nerve and from the recur- 
rent nerve. The internal laryngeal branch is sensory. 


It enters the larynx by piercing the posterior part of 
the thyrohyoid membrane above the superior laryn- 
geal vessels, and divides into three branches: one is 
distributed to both surfaces of the epiglottis; a sec- 
ond, to the aryepiglottic fold; and a third, the larg- 
est, supplies the mucous membrane over the back of 
the larynx and communicates with the recurrent 
nerve. The external laryngeal branch supplies the 
cricothyroid muscle. The recurrent nerve passes 
cranialward beneath the caudal border of the con- 
Strictor pharyngis inferior immediately dorsal to the 
cricothyroid joint. It supplies all the muscles of the 
larynx except the cricothyroid. The sensory branches 
of the laryngeal nerves form subepithelial plexuses, 
from which fibers end between the cells covering the 
mucous membrane. 

Over the posterior surface of the epiglottis, in the 
aryepiglottic folds, and less regularly in some other 
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parts, taste buds similar to those in the tongue are 
found. 

Fibers from the sympathetic nerves supply the 
blood vessels and glands. 


TRACHEA AND BRONCHI 


Trachea 


The trachea or windpipe (Fig 15-24) is a car- 
tilaginous and membranous tube, that ex- 
tends from the larynx, on a level with the 
sixth cervical vertebra, to the cranial border 
of the fifth thoracic vertebra, where it di- 
vides into the two bronchi. The trachea is 
nearly but not quite cylindrical, being flat- 







Fic. 15-24. Front view of cartilages of larynx, trachea, and bronchi. 
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tened dorsally; its length measures about 11 
cm; its diameter, from side to side, is from 2 
to 2.5cm, being always greater in the male 
than in the female. In the child the trachea is 
smaller, more deeply placed, and more mov- 
able than in the adult. 


RELATIONS. The ventra/ surface of the trachea is 
covered, in the neck, by the isthmus of the thyroid 
gland, the inferior thyroid veins, the thyroid ima ar- 
tery (when that vessel exists), the sternothyroid and 
sternohyoid muscles, the cervical fascia, and, more 
superficially, by the anastomosing branches be- 
tween the anterior jugular veins. In the thorax, it is 
covered by the manubrium sterni, the remains of the 
thymus, the left brachiocephalic vein, the aortic 
arch, the brachiocephalic and left common carotid 
arteries, and the deep cardiac plexus. Dorsally it is in 
contact with the esophagus. Latera//y, in the neck, 
itis in relation with the common carotid arteries, the 
right and left lobes of the thyroid gland, the inferior 
thyroid arteries, and the recurrent nerves; tn the 
thorax, it lies in the superior mediastinum, and is in 
relation on the right side with the pleura and right 
vagus, and near the root of the neck with the brachi- 
ocephalic artery; on its left side are the left recurrent 
nerve, the aortic arch, and the left common carotid 
and subclavian arteries. 

CLINICAL CONSIDERATIONS. The operation for 
tracheotomy, when performed as an emergency, Is 
best carried out by piercing the neck 1 cm below the 
cricoid cartilage and opening the trachea between 
the second and third cartilaginous rings. The thyroid 
and cricoid cartilages are avoided because of subse- 
quent scarring of the larynx. The isthmus of the thy- 
roid gland is usually caudal to the first two tracheal 
cartilages and no blood vessels of appreciable size 
are present. Caudal to the thyroid gland, the trachea 
is situated much deeper than above it because 
of Burns’s space,! and large veins are likely to be 
present. 


Right Bronchus 


The right bronchus is wider, shorter, and 
less abrupt in its divergence from the tra- 
chea than the left. It is about 2.5 cm long and 
enters the right lung nearly opposite the fifth 
thoracic vertebra. The azygos vein arches 
over it and the pulmonary artery lies at first 
inferior and then ventral to it. It gives rise to 
three subsidiary bronchi, one to each of the 
lobes. The superior lobe bronchus comes off 
above the pulmonary artery and has been 
called, therefore, the eparterial bronchus. 
The bronchi to the middle and inferior lobes 


‘Allen Burns (1781-1813): A Scottish anatomist (Glas- 
gow). 


separate below the pulmonary artery and 
are accordingly hyparterial in position. 

The right superior lobe bronchus divides 
into three branches named, according to the 
bronchopulmonary segments that they 
enter, the bronchus for the apical segment. 
for the posterior segment, and for the ante- 
rior segment. The right middle lobe bron- 
chus divides into two branches, the bron- 
chus for the lateral and for the medial 
segments. The right inferior lobe bronchus 
first gives off the bronchus to the superior 
segment, and then divides into four bronchi 
for the basal segments: the medial basal, an- 
terior basal, lateral basal, and posterior basal 
segments. 


Left Bronchus 


The left bronchus is smaller in caliber but 
about twice as long as the right (5 cm). It 
passes under the aortic arch and crosses ven- 
tral to the esophagus, thoracic duct, and de- 
scending aorta. It is superior to the pulmo- 
nary artery at first, then dorsal, and finally 
passes inferior to the artery before it divides 
into the bronchi for the superior and inferior 
lobes. Both lobar bronchi, therefore, are 
hyparterial in position. 

The left superior lobe bronchus divides 
into two branches, one of which is distrib- 
uted to a portion of the left lung correspond- 
ing to the right superior lobe; the other, to a 
portion corresponding to the right middle 
lobe. These two branches are called the su- 
perior division and inferior division bronchi 
to differentiate them from segmental bron- 
chi. The superior division bronchus of the 
left superior lobe divides into branches for 
the apical posterior segment and the anterior 
segment. The inferior division bronchus di- 
vides into bronchi for the superior and infe- 
rior segments. The left inferior lobe bron- 
chus gives off first the bronchus for the 
superior segment and then divides into three 
branches for basal segments: the anterior 
medial basal, lateral basal, and posterior 
basal segments. 

The picture seen through a bronchoscope 
may be reproduced if a section is made 
across the trachea and a bird's-eye view 
taken of its interior (Fig. 15-25). At the bot- 
tom of the trachea, the septum that separates 
the two bronchi is visible as a spur (in bron- 
choscopic terminology) and is named the 
carina. The carina is placed to the left of the 
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Fic. 15-25. Bifurcation of the trachea, viewed from 
above, with the interior showing the carina as it would 
be seen through a bronchoscope. 


middle line and the right bronchus appears 
as a more direct continuation of the trachea 
than the left. Because of this asymmetry and 
because the right bronchus is larger in diam- 
eter than the left, foreign bodies that enter 
the trachea have a tendency to drop into the 
right bronchus rather than into the left. 


Structure 


The trachea and extrapulmonary bronchi 
are composed of imperfect rings of hyaline 
cartilage, fibrous tissue, muscular fibers, 
mucous membrane, and glands (Fig. 15-26). 

CARTILAGES. The cartilages of the trachea 
number from 16 to 20; each forms an imper- 
fect ring, which occupies the anterior two- 
thirds or so of the circumference of the tra- 
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chea, being deficient behind, where the tube 
is completed by fibrous tissue and non-stri- 
ated muscular fibers. The cartilages are 
placed horizontally above each other, sepa- 
rated by narrow intervals. They measure 
about 4mm deep and 1mm thick. Their 
outer surfaces are flattened in a vertical di- 
rection, but internally, they are convex, the 
cartilages being thicker in the middle than 
at the margins. Two or more of the cartilages 
often unite, partially or completely, and they 
are sometimes bifurcated at their extremi- 
ties. They are highly elastic, but may become 
calcified in advanced life. In the right bron- 
chus the cartilages vary in number from six 
to eight; in the left, from nine to twelve. 
They are shorter and narrower than those of 
the trachea, but have the same shape and 
arrangement. The special tracheal cartilages 
are the first and the last (Fig. 15-24). 

The first cartilage is broader than the rest 
and often divided at one end; it is connected 
by the cricotracheal ligament with the cau- 
dal border of the cricoid cartilage, with 
which or with the succeeding cartilage it is 
sometimes blended. 

The last cartilage is thick and broad in the 
middle, because its lower border is pro- 
longed into a triangular hook-shaped proc- 
ess that curves downward and backward 
between the origins of the two bronchi. It 
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Fic. 15-26. Cross section of trachea, adult cadaver. 5 x. 
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ends on each side in an imperfect ring, 
which encloses the commencement of each 
bronchus. The cartilage above the last is 
somewhat broader than the others at its 
center. 

FIBROUS MEMBRANE. The cartilages are 
enclosed in an elastic fibrous membrane that 
consists of two layers; one, the thicker, 
passes over the outer surface of the ring, and 
the other passes over the inner surface. At 
the cranial and caudal margins of the carti- 
lages the two layers blend together to form a 
single membrane that connects the rings 
with one another. In the space between the 
ends of the rings dorsally, the membrane 
forms a single layer also. 

MUSCULAR TISSUE. The muscular tissue 
consists of two layers of nonstriated muscle, 
longitudinal and transverse, between the 
ends of the cartilages. The longitudinal fi- 
bers are external and consist of a few scat- 
tered bundles. The transverse fibers (trache- 
alis muscle) are arranged internally in 
branching and anastomosing bands that ex- 
tend more or less transversely (Fig. 15-26). 

MUCOUS MEMBRANE. The mucous mem- 
brane is continuous above with that of the 
larynx and below with that of the bronchi. It 
consists of areolar and lymphoid tissue and 
has a well-marked basement membrane that 
supports a stratified epithelium, the surface 
layer of which is columnar and ciliated, 
while the deeper layers are composed of 
oval or rounded cells. Beneath the basement 
membrane is a distinct layer of longitudinal 
elastic fibers with a small amount of inter- 
vening areolar tissue. The submucous layer 
is composed of a loose meshwork of connec- 
tive tissue that contains large blood vessels, 
nerves, and mucous glands; the ducts of the 
latter pierce the overlying layers and open 
on the surface (Fig. 15-27). 


VESSELS AND NERVES. The trachea is supplied 
with blood by the inferior thyroid arteries. The 
veins end in the thyroid venous plexus. The nerves 
are derived from the vagus and the recurrent nerves 
and from the sympathetic trunk; they are distributed 
to the trachealis muscles and between the epithelial 
cells. 


PLEURA 


Each lung is invested by an exceedingly 
delicate serous membrane, the pleura, which 
is arranged in the form of a closed invagi- 





FIG. 15-27. Section through wall of human trachea. c, 
Cartilage; e.p., pseudostratified ciliated epithelium; g.c., 
goblet cell; m.g., mucous gland. 8 x. (Sobotta.) 


nated sac. A portion of the serous membrane 
covers the surface of the lung and dips into 
the fissures between its lobes; it is called the 
pulmonary pleura. The rest of the membrane 
lines the inner surface of the chest wall, cov- 
ers the diaphragm, and is reflected over the 
structures occupying the middle of the tho- 
rax; this portion is termed the parietal 
pleura. The two layers are continuous with 
each other around and below the root of the 
lung; in health they are in actual contact 
with each other, but the potential space be- 
tween them is known as the pleural cavity. 
When the lung collapses or when air or fluid 
collects between the two layers, the cavity 
becomes apparent. The right and left pleural 
sacs are entirely separate from each other; 
between them are all the thoracic viscera 
except the lungs, and they touch each other 
only for a short distance ventrally, behind 
the upper part of the body of the sternum: 
the interval in the middle of the thorax be- 
tween the two sacs is termed the mediasti- 
num. 

Different portions of the parietal pleura 
have received special names that indicate 
their position: thus, that portion which lines 
the inner surfaces of the ribs and intercostal 
muscles is the costal pleura; that clothing the 
convex surface of the diaphragm is the dia- 


phragmatic pleura; that which rises into the 
neck, over the summit of the lung, is the cu- 
pula of the pleura (cervical pleura); and that 
which is applied to the other thoracic vis- 
cera is the mediastinal pleura. 


Parietal Pleura 


Commencing at the sternum, the pleura 
passes lateralward, lining the costal carti- 
lages, ribs, and intercostal muscles (Figs. 15- 
28; 15-29). At the dorsal part of the thorax, it 
passes over the sympathetic trunk and its 
branches and is reflected upon the sides of 
the bodies of the vertebrae, where it is sepa- 
rated by a narrow interval, the posterior 
mediastinum, from the opposite pleura. 
From the vertebral column the pleura passes 
to the side of the pericardium, which it cov- 
ers to a slight extent before it covers the dor- 
sal part of the root of the lung, from the cau- 
dal border of which a triangular sheet 
descends vertically toward the diaphragm. 
This sheet is the posterior layer of a fold 
known as the pulmonary ligament. 
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From the dorsal portion of the lung root, 
the pleura may be traced over the costal sur- 
face of the lung, over its apex and base, and 
also over the sides of the fissures between 
the lobes, onto its mediastinal surface and 
the ventral part of its root. It is continued 
from the caudal margin of the root as the 
anterior layer of the pulmonary ligament, 
and from this it is reflected onto the pericar- 
dium (pericardial pleura), and then to the 
dorsal surface of the sternum. Cranial to the 
level of the root of the lung, however, the 
mediastinal pleura passes uninterruptedly 
from the vertebral column to the sternum 
over the structures in the superior mediasti- 
num. It covers the cranial surface of the dia- 
phragm and extends, ventrally, as low as the 
costal cartilage of the seventh rib; at the side 
of the chest, it extends to the caudal border 
of the tenth rib on the left side and to the 
cranial border of the same rib on the right 
side. Dorsally, it reaches as low as the 
twelfth rib, and sometimes even to the trans- 
verse process of the first lumbar vertebra. 

The cupula projects through the superior 
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Caudal margin of pleura 


Fig. 15-28. Front view of thorax, showing the relations of the pleurae and lungs to the chest wall. Phrenicocostal and 


costomediastinal sinus in blue, lungs in purple. 
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Fic. 15-29. Lateral view of thorax, showing the rela- 
tions of the pleurae and lungs to the chest wall. Phreni- 
cocostal and costomediastinal sinus in blue; lungs in 
purple. 


opening of the thorax into the neck, extend- 
ing from 2.5 to 5 cm above the sternal end of 
the first rib; this portion of the sac is 
strengthened by a dome-like expansion of 
fascia (Sibson’s! fascia), which is attached 
ventrally to the inner border of the first rib 
and dorsally to the anterior border of the 
transverse process of the seventh cervical 
vertebra. This is covered and strengthened 
by a few spreading muscular fibers derived 
from the scalene muscles called the scalenus 
minimus. 

In the ventral part of the chest, the two 
pleural sacs behind the manubrium are sep- 
arated by an angular interval; the reflection 
is represented by a line drawn from the ster- 
noclavicular articulation to the midpoint of 
the junction of the manubrium with the 
body of the sternum. From this point the two 
pleurae descend in close contact to the level 
of the fourth costal cartilages. The line of 
reflection on the right side is continued cau- 


‘Francis Sibson (1814-1876): An English physician (Lon- 
don). 


dalward in nearly a straight line to the xiph- 
oid process, and then turns lateralward, 
while on the left side the line of reflection 
diverges lateralward and is continued cau- 
dalward, close to the left border of the ster- 
num, as far as the sixth costal cartilage. The 
caudal limit of the pleura is on a considera- 
bly lower level than the corresponding limit 
of the lung, but does not extend to the at- 
tachment of the diaphragm, so that caudal to 
the line of reflection from the chest wall on 
to the diaphragm, the pleura is in direct con- 
tact with the rib cartilages and the inter- 
costales interni. Moreover, in ordinary inspi- 
ration the thin inferior margin of the lung 
does not extend as far as the line of the pleu- 
ral reflection, so that the costal and dia- 
phragmatic pleurae are in contact here, the 
intervening narrow slit being termed the 
costodiaphragmatic recess (phrenicocostal 
sinus). A similar condition exists behind the 
sternum and rib cartilages, where the ante- 
rior thin margin of the lung falls short of the 
line of pleural reflection, and where the slit- 
like cavity between the two layers of pleura 
forms the costomediastinal recess (costo- 
mediastinal sinus). 

The line along which the right pleura is 
reflected from the chest wall to the dia- 
phragm starts ventrally, immediately below 
the seventh sternocostal joint, and runs cau- 
dalward and dorsalward behind the seventh 
costal cartilage, thus crossing the tenth rib in 
the midaxillary line, from which it is pro- 
longed to the level of the spinous process of 
the twelfth thoracic vertebra. The reflection 
of the left pleura follows at first the ascend- 
ing part of the sixth costal cartilage, and in 
the rest of its course is slightly lower than 
that of the right side. 

The free surface of the pleura is smooth, 
glistening, and moistened by a serous fluid: 
its attached surface adheres intimately to the 
lung and to the pulmonary vessels as they 
emerge from the pericardium; it also adheres 
to the cranial surface of the diaphragm. 
Throughout the rest of its extent it is easily 
separable from the adjacent parts. 

The right pleural sac is shorter, wider, and 
reaches higher in the neck than the left. 


Pulmonary Ligament 


The root of the lung is covered by pleura, 
except at its caudal border where the invest- 
ing layers come into contact. Here they form 


a sort of mesenteric fold, the pulmonary lig- 
ament, which extends between the mediasti- 
nal surface of the lung and the pericardium. 
Just above the diaphragm the ligament ends 
in a free falciform border. It retains the 
lower part of the lung in position. 


Structure 


Like other serous membranes, the pleura 
is composed of a single layer of flattened 
mesothelial cells resting upon a delicate con- 
nective tissue membrane, beneath which lies 
a stroma of collagenous tissue containing 
several prominent networks of yellow elas- 
tic fibers. Blood vessels, lymphatics, and 
nerves are distributed in the substance of the 
pleura. 


VESSELS AND NERVES. The arteries of the pleura 
are derived from the intercostal, internal thoracic, 
musculophrenic, thymic, pericardiac, pulmonary, 
and bronchial vessels. The veins correspond to the 
arteries. The lymphatics are described in Chap- 
ter 10. 

The nerves of the parietal pleura are derived from 
the phrenic, intercostal, vagus, and sympathetic 
nerves; those of the pulmonary pleura, from the 
vagus and sympathetic nerves through the pulmo- 
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nary plexuses at the hilum of the lung. It is believed 
that nerves accompany the ramifications of the bron- 
chial arteries in the pulmonary pleura. 


MEDIASTINUM 


The mediastinum is interposed as a parti- 
tion in the median portion of the thorax, sep- 
arating the parietal pleural sacs of the two 
lungs (Fig. 15-31). It extends from the ster- 
num ventrally to the vertebral column dor- 
sally and comprises all the thoracic viscera, 
except the lungs and pleurae, embedded in a 
thickening and expansion of the subserous 
fascia of the thorax. It is divided arbitrarily, 
for the purposes of description, into cranial 
and caudal parts by a plane that extends 
from the sternal angle to the caudal border 
of the fourth thoracic vertebra. The cranial 
part is named the superior mediastinum; the 
caudal part is again subdivided into three 
parts: the anterior mediastinum, ventral to 
the pericardium; the middle mediastinum, 
containing the pericardium; and the poste- 
rior mediastinum, dorsal to the pericardium. 

The superior mediastinum (Fig. 15-30) is 
bounded by the superior aperture of the tho- 
rax; by the plane of the superior limit of the 
pericardium; by the manubrium; by the 
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Fic. 15-30. Transverse section through the upper margin of the second thoracic vertebra, showing the superior 


mediastinum. (Braune.) 
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Fic. 15-31. A transverse section of the thorax showing the contents of the middle and the posterior mediastinum. The 
pleural and pericardial cavities are exaggerated since normally there is no space between parietal and visceral pleurae 


and between pericardium and heart. 


upper four thoracic vertebrae; and laterally, 
by the mediastinal pleurae of the two lungs. 
It contains the origins of the sternohyoid and 
sternothyroid muscles and the lower ends of 
the longus colli muscles; the aortic arch; the 
brachiocephalic artery and the thoracic por- 
tions of the left common carotid and the left 
subclavian arteries; the brachiocephalic 
veins and the upper half of the superior vena 
cava; the left highest intercostal vein; the 
vagus, Cardiac, phrenic, and left recurrent 
nerves; the trachea, esophagus, and thoracic 
duct; and the remains of the thymus, and 
some lymph nodes. 

The anterior mediastinum (Fig. 15-31) is 
bounded ventrally by the body of the ster- 
num and because of the position of the heart, 
the left transversus thoracis muscle and 
parts of the fourth, fifth, sixth, and seventh 
costal cartilages. It is bounded dorsally by 
the parietal pericardium and extends cau- 
dalward as far as the diaphragm. Besides a 
few lymph nodes and vessels, it contains 
only a thin layer of subserous fascia which is 
separated from the endothoracic or deep fas- 
cia superiorly by a fascial cleft, but there is a 
firm attachment in its caudal part that forms 
the pericardiosternal ligament. 


The middle mediastinum (Fig. 15-31) is the 
broadest part of the interpleural septum. It 
contains the heart enclosed in the pericar- 
dium, the ascending aorta, the lower half 
of the superior vena cava with the azygos 
vein opening into it, the pulmonary trunk 
dividing into its two branches, the right 
and left pulmonary veins, and the phrenic 
nerves. 

The posterior mediastinum (Fig. 15-31) is 
an irregularly shaped mass running parallel 
with the vertebral column and, because of 
the slope of the diaphragm, it extends cau- 
dally beyond the pericardium. It is bounded 
ventrally, by the pericardium and, more cau- 
dally, by the diaphragm; dorsally, by the ver- 
tebral column from the lower border of the 
fourth to the twelfth thoracic vertebra; and 
on either side, by the mediastinal pleurae. It 
contains the thoracic part of the descending 
aorta, the azygos and hemiazygos veins, the 
vagus and splanchnic nerves, the bifurcation 
of the trachea and the two bronchi, the 
esophagus, the thoracic duct, and many 
large lymph nodes. 

some authorities include the bifurcation 
of the trachea, the two bronchi, and the roots 
of the two lungs in the middle mediastinum. 


Lungs (Pulmones) 


The lungs are the essential organs of respi- 
ration; they are placed on either side within 
the thorax and are separated from each 
other by the heart and other contents of the 
mediastinum (Fig. 12-76). The substance of 
the lung has a light, porous, spongy texture; 
it floats in water and crepitates when han- 
dled owing to the presence of air in the alve- 
oli. It is also highly elastic, hence the re- 
tracted state of these organs when they are 
removed from the closed cavity of the tho- 
rax. The surface is smooth, shiny, and 
marked out into numerous polyhedral areas 
that indicate the lobules of the organ: each of 
these areas is crossed by numerous lighter 
lines. 

At birth the lungs are pinkish-white in 
color; in adult life the color is a slaty gray, 
mottled in patches, and as age advances, this 
mottling assumes a black color. The coloring 
matter consists of granules of carbon depos- 
ited in the areolar tissue near the surface of 
the organ. It increases in quantity as age ad- 
vances, and is more abundant in males than 
in females. As a rule, the posterior border of 
the lung is darker than the anterior. 

The right lung usually weighs about 625 
gm, the left weighs 567 gm, but much varia- 
tion is met according to the amount of blood 
or serous fluid they may contain. The lungs 
are heavier in males than in females, their 
proportion to the body being 1 to 37 in the 
former and 1 to 43 in the latter. The vital 
capacity, the quantity of air that can be ex- 
haled by the deepest expiration after making 
the deepest inspiration, varies greatly with 
the individual; an average for an adult man 
is 3700 ml. The total volume of the fully ex- 
panded lungs is about 6500 ml; this includes 
both tissues and contained air. The tidal air, 
the amount of air breathed in or out during 
quiet respiration, is about 500 ml for the 
adult man. Various calculations indicate that 
the total epithelial area of the respiratory 
and nonrespiratory surfaces during ordinary 
deep inspiration of the adult is not greater 
than 70 square meters. 

Each lung is conical and presents for ex- 
amination an apex, a base, three borders, 
and two surfaces. 

The apex is rounded and extends into the 
root of the neck, reaching 2.5 to 5 cm above 
the level of the sternal end of the first rib. A 
sulcus is produced by the subclavian artery 
as it curves ventral to the pleura and runs 
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cranialward and lateralward immediately 
below the apex. 

The base is broad, concave, and rests upon 
the convex surface of the diaphragm, which 
separates the right lung from the right lobe 
of the liver, and the left lung from the left 
lobe of the liver, the stomach, and the 
spleen. Since the diaphragm extends higher 
on the right than on the left side, the concav- 
ity on the base of the right lung is deeper 
than that on the left. Laterally and dorsally, 
the base is bounded by a thin, sharp margin 
that projects for some distance into the 
phrenicocostal sinus of the pleura, between 
the lower ribs and the costal attachment of 
the diaphragm. The base of the lung de- 
scends during inspiration and ascends dur- 
ing expiration. 


SURFACES 


The costal surface (external or thoracic 
surface) is smooth, convex, of considerable 
extent, and corresponds to the form of the 
cavity of the chest, being deeper dorsally 
than ventrally. It is in contact with the costal 
pleura and presents, in specimens that have 
been hardened in situ, slight grooves corre- 
sponding with the overlying ribs. 

The mediastinal surface (inner surface) is 
divided into a mediastinal and a vertebral 
portion. The mediastinal portion is in con- 
tact with the mediastinal pleura. It has a 
deep concavity, the cardiac impression, 
which accommodates the pericardium. Dor- 
sal and cranial to this concavity is a slight 
depression named the hilum, through which 
the structures that form the root of the lung 
enter and leave. 

On the right lung (Fig. 15-33), immediately 
cranial to the hilum, is an arched furrow that 
accommodates the azygos vein. Running 
cranialward and then arching lateralward 
some little distance below the apex is a wide 
groove for the superior vena cava and right 
brachiocephalic vein. Dorsal to the hilum and 
the attachment of the pulmonary ligament is 
a vertical groove for the esophagus; this 
groove becomes less distinct caudally, owing 
to the inclination of the lower part of the 
esophagus to the left of the midline. Ventral 
and to the right of the lower part of the 
esophageal groove is a deep concavity for 
the extrapericardiac portion of the thoracic 
part of the inferior vena Cava. 

On the left lung (Fig. 15-34), immediately 
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Fic. 15-32. Front view of heart and lungs. 


cranial to the hilum, is a well-marked curved 
furrow produced by the aortic arch, and 
running cranialward from this toward the 
apex 1s a groove that accommodates the left 
subclavian artery: a slight impression ven- 
tral to the latter and close to the margin of 
the lung lodges the left innominate vein. 
Dorsal to the hilum and pulmonary ligament 
is a vertical furrow produced by the de- 
scending aorta, and ventral to this, near the 
base of the lung, the lower part of the esoph- 
agus causes a Shallow impression. 


BORDERS 


The inferior border is thin and sharp 
where it separates the base from the costal 
surface and extends into the phrenicocostal 
sinus; medially, where it divides the base 
from the mediastinal surface, it is blunt and 
rounded. 


The anterior border is thin and sharp and 
overlaps the ventral surface of the heart and 
pericardium. The anterior border of the right 
lung is almost vertical and projects into the 
costomediastinal sinus; that of the left lung 
has an angular notch, the cardiac notch, in 
which the pericardium comes into contact 
with the sternum. Opposite this notch, the 
anterior margin of the left lung is situated a 
little distance lateral to the line of reflection 
of the corresponding part of the pleura. 


FISSURES AND LOBES 


RIGHTLUNG. The right lung is divided into 
three lobes (superior, middle, and inferior) 
by two interlobar fissures. 

The oblique fissure separates the inferior 
from the middle and superior lobes and cor- 
responds with the oblique fissure in the left 
lung. Its direction is more vertical, however, 
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FiG. 15-33. Mediastinal surface of right lung. 


and it cuts the lower border about 7.5 cm 
dorsal to its extremity. 

The horizontal fissure separates the supe- 
rior from the middle lobe. It begins in the 
previous fissure near the dorsal border of the 
lung, and running horizontally, cuts the ven- 
tral border on a level with the sternal end of 
the fourth costal cartilage; on the mediasti- 
nal surface it may be traced dorsal to the 
hilum. The middle lobe, the smallest lobe of 
the right lung, is wedge-shaped and includes 
the lower part of the ventral border and the 
ventral part of the base of the lung. 

The right lung is shorter by 2.5 cm than the 
left because the diaphragm rises higher on 
the right side, and it is broader because of 
the inclination of the heart to the left side. Its 
total capacity is greater, however, and it 
weighs more than the left lung. 

LEFT LUNG. The left lung is divided into 
two lobes, a superior and an inferior, by an 
oblique fissure that extends from the costal 
to the mediastinal surface of the lung both 
above and below the hilum. As seen on the 
surface, this fissure begins on the mediasti- 


nal surface of the lung at the hilum, and runs 
dorsalward and cranialward to the posterior 
border, which it crosses at a point about 
6 cm below the apex. It then extends cau- 
dalward and ventralward over the costal 
surface, to reach the lower border near its 
extremity, and its further course can be fol- 
lowed across the mediastinal surface as far 
as the hilum. The superior lobe includes the 
apex, the anterior border, a considerable 
part of the costal surface, and the greater 
part of the mediastinal surface of the lung. 
The inferior lobe is larger than the superior 
and comprises almost the whole of the base, 
a large portion of the costal surface, and the 
greater part of the vertebral part of the me- 
dial surface. 


ROOT 


The root of the lung (radix pulmonis) 
(Figs. 15-33; 15-34) is formed by the bron- 
chus, pulmonary artery, pulmonary veins, 
bronchial arteries and veins, pulmonary 
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Fic. 15-34. Mediastinal surface of left lung. 


plexuses of nerves, lymphatic vessels, and 
bronchial lymph nodes. These structures are 
all embedded in mediastinal connective tis- 
sue and the entire mass is encircled by a re- 
flection of the pleura. It corresponds to the 
hilum, which is near the center of the medi- 
astinal surface of the lung, dorsal to the car- 
diac impression and closer to the posterior 
than the anterior border. The root of the 
right lung lies dorsal to the superior vena 
cava and the right atrium, and the azygos 
vein arches over it (Fig. 12-76). The root of 
the left lung is ventral to the descending 
aorta and inferior to the aortic arch (Fig. 12- 
77). The phrenic nerve, the pericardiophrenic 
artery and vein, and the anterior pulmonary 
plexus of nerves are ventral, while the vagus 
nerve and its posterior pulmonary plexus 
are dorsal to the root of the lung on both 
sides. Caudal to the root of each lung, the 
reflection of the pleura from mediastinum to 
lung is prolonged downward toward the dia- 
phragm as the pulmonary ligament (p. 1382). 

The chief structures of the roots of both 
lungs have a similar relation to each other in 
a dorsoventral direction, but there is a dif- 
ference in their superior and inferior rela- 
tions on the two sides. Thus the pulmonary 


veins are ventral, the bronchi dorsal, and the 
pulmonary arteries between, on both sides. 
On the right side, the superior lobe bronchus 
is superior and the pulmonary artery is 
slightly lower; next are the bronchi to the 
middle and inferior lobes, and most inferior 
is the pulmonary vein (Fig. 15-33). On the 
left side, the pulmonary artery is superior, 
the pulmonary veins inferior, and the bron- 
chus between (Fig. 15-34). 


FURTHER SUBDIVISION OF THE LUNG 


The importance of certain smaller units of 
structure of the lungs, called bronchopul- 
monary segments, has been emphasized by 
the thoracic surgeon, bronchoscopist, and 
radiologist. To interpret these units cor- 
rectly, one should give particular attention 
to the concept that the lung is fundamentally 
the aggregate of all the branchings of the 
bronchus. According to this concept, a bron- 
chopulmonary segment is that portion of the 
lung to which any particular bronchus is dis- 
tributed, and the term might conceivably be 
applied to the lobule supplied by its lobular 
bronchus. [n actual practice, however, it is 


customary to restrict the term bronchopul- 
monary segment to the portion of the lung 
supplied by the direct branches of the lobar 
bronchi (and of the division bronchi in the 
case of the left superior lobe). These seg- 
ments are as definite as the lobes, and their 
relative extent and position can be demon- 
strated by introducing different colored gel- 
atin into their bronchi. It is possible, in many 
cases, to follow the delicate connective tis- 
sue between the segments and dissect them 
apart. That the majority of extra fissures fol- 
low the planes of separation between the 
segments also demonstrates their fundamen- 
tal nature. 

BRONCHOPULMONARY SEGMENTS (Fig. 15- 
35). The bronchopulmonary segments are 
named according to their positions in the 
lobes, and the bronchus to each is named 
after its segment. The right superior lobe has 
three segments: apical, posterior, and ante- 
rior. The right middle lobe has a lateral and 
a medial segment. The right inferior lobe has 
a superior and four basal segments: the me- 
dial basal, anterior basal, lateral basal, and 
posterior basal. The left superior lobe is first 
separated into two divisions, the superior 
division corresponding to the right superior 
lobe, and an inferior division corresponding 
to the right middle lobe. The superior divi- 
sion of the left superior lobe has an apical 
posterior and an anterior segment. The infe- 
rior division of the left superior lobe has a 
superior and an inferior segment. The left 
inferior lobe has a superior and three basal 
segments: anteromedial basal, lateral basal, 
and posterior basal. 


VARIATIONS. The branching of the lobar bronchi 
to form segmental bronchi is reasonably constant. 
The superior lobe bronchus is somewhat more con- 
Stant than the inferior lobe bronchus. In approxi- 
mately 95% of the specimens, it is possible to iden- 
tify three segmental bronchi coming from the right 
superior lobe bronchus, although in some of these 
cases, two segmental bronchi may seem to arise 
from a short common stem. The size of the lung 
segment supplied by a particular bronchus may be 
larger or smaller than expected, even when the 
branching appears at first glance to follow the usual 
pattern, because it may have exchanged a smaller 
branch bronchus with an adjacent segmental bron- 
chus. In the case of the lower lobe bronchus, the 
superior and the medial basal segmental bronchi are 
about as constant as the branches in the superior 
lobe, but there is more variation in the anterior 
basal, lateral basal, and posterior basal segments. 
In somewhat less than 50% of the specimens, 
branches come from the posterior aspect of the infe- 
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rior lobe bronchus between the superior segmental 
and the basal segmental bronchi, or from the stem 
below the anterior basal segmental bronchus. 


The branchings of the bronchi are desig- 
nated according to the parts of the lungs that 
they ventilate. The two main bronchi corre- 
spond to the right and left lungs. The right 
bronchus is subdivided into three lobar 
bronchi for the superior, middle, and in- 
ferior lobes; the left bronchus is subdivided 
into two, for the superior and inferior lobes. 
Each lobar bronchus is subdivided into 
branchings for the bronchopulmonary seg- 
ments depicted in Figure 15-36. 

For the purpose of relating the smaller 
branchings ot the bronchi to the ramifica- 
tions of the pulmonary arteries and veins, 
they have been named and numbered by 
Boyden (1955) (see Fig. 15-36). In the lists of 
segmental bronchi, arteries, and veins, corre- 
sponding structures of the right and left 
lungs are placed opposite each other. 


BLOOD VESSELS OF THE LUNGS 


The vessels that serve the special function 
of the lungs, that is, of aerating the blood, are 
the pulmonary arteries and veins and their 
connecting capillaries (Figs. 15-36 to 15-41). 
The blood supply for the purpose of nutri- 
tion to the tissues of the lungs is provided by 
the bronchial arteries and veins; these are 
discussed on page 1398. 

PULMONARY vesseELs. The right and left 
pulmonary arteries, formed by the bifurca- 
tion of the pulmonary trunk, convey the de- 
oxygenated blood to the right and left lungs. 
They divide into branches that accompany 
the bronchi, coursing chiefly along their dor- 
sal surface. The bronchopulmonary seg- 
ments are supplied by main intrasegmental 
branches of the pulmonary arteries, which 
are single for the most part, but which may 
arise aS common trunks for adjacent seg- 
ments (Boyden, 1955). The artery for one seg- 
ment is likely to supply small branches to 
the neighboring segments. Distal to the alve- 
olar duct, branches are distributed to each 
atrium, from which arise smaller radicles 
terminating in a dense capillary network in 
the walls of the alveoli. 

The pulmonary veins are described in 
Chapter 9. The segmental veins are listed 
here according to the same classification 
used for the segmental arteries. 
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Fic. 15-35. The bronchopulmonary segments. The segmental branches of the bronchi are shown in corresponding 
colors. (After J. F. Huber, 1947.) 
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Right Superior Lobe 


B'—Apical bronchus 
B'a—apical ramus 
B'b—anterior ramus 

B*—Anterior bronchus 
B*a—posterior ramus 

B*ai—superior subramus 
B*a2-inferior subramus 
B*b-—anterior ramus 

B?—Posterior bronchus 
B%a—apical ramus 
B*b—posterior ramus 


Right Middle Lobe 


B4-Lateral bronchus 
B4a—posterior ramus 
B4b-anterior ramus 

B°—Medial bronchus 
B°a—superior ramus 
B®b-inferior ramus 


Right Inferior Lobe 


B°—Superior bronchus 
B®°a—medial ramus 
B°a 1—paravertebral subramus 
B®a2-posterior subramus 
B®b-superior ramus 
B®c-lateral ramus 
B*-—Subsuperior bronchus 
BX” (10)—accessory 
subsuperior bronchus 
B’—Medial basal bronchus 
B’a—anterior ramus 
B’b—medial ramus 
B’_ Anterior basal bronchus 
B8a-lateral ramus 
B®b-—basal ramus 
B°-Lateral basal bronchus 
B°a-lateral ramus 
B°b-basal ramus 
B'°_Posterior basal bronchus 
BV* (10)—accessory 
subsuperior ramus 
B'°a-—laterobasal ramus 
B'°b—mediobasal ramus 


SEGMENTAL BRONCHI 


Left Superior Lobe 
Superior Divison 


B'*3_Apical posterior bronchus 
B'a, Bea—apical rami 


B'b, B*b-anterior and posterior rami 


B2—Anterior bronchus 
B2a—posterior ramus 


B2b-anterior ramus 


Left Superior Lobe 
Inferior (Lingular) Division 


B4—Superior lingular bronchus 
B4a—posterior ramus 
B4b-—anterior ramus 

B°—Inferior lingular bronchus 
B°a—superior ramus 
B°b—inferior ramus 


Left Inferior Lobe 


B°—Superior bronchus 
B5a—medial ramus 
B®a 1-paravertebral subramus 
B®a2—-posterior subramus 
B®b-superior ramus 
B®c-lateral ramus 
B*-Subsuperior bronchus 
BX* (9), BX* (10)-accessory 
subsuperior bronchus 
B’—Medial basal bronchus 
B’a-lateroanterior ramus 
B’b-—medioanterior ramus 
B®—Anterior basal bronchus 
B’a-lateral ramus 
B®b-—basal ramus 
B9—Lateral basal bronchus 


BX* (9)-—accessory subsuperior ramus 


B°b-basal ramus = B9 
B'°_Posterior basal bronchus 
BX* (10)—accessory 
subsuperior ramus 
B!°a—laterobasal ramus 
B'!°b-mediobasal ramus 
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Right Superior Lobe 


A!-Apical segmental artery 
A'a-apical ramus 
A'b-anterior ramus 

A?-Anterior segmental artery 
A*a-posterior ramus 

A®al-superior subramus 
A?a2-inferior subramus 
A*b-anterior ramus 

A%-Posterior segmental artery 
A%a-apical ramus 
A®°b-posterior ramus 


Middle Lobe 


A?-Lateral segmental artery 


A‘ta-posterior ramus 
A‘*b-anterior ramus 
A°-Medial segmental artery 


A°a-superior ramus 
A°b-inferior ramus 


Right Inferior Lobe 


A®-Superior segmental artery 
A®a-medial ramus 
A®b-superior ramus 
A®c-lateral ramus 

A‘-Medial basal artery 
A‘a-anterior ramus 
A‘b-medial ramus 

A®’-Anterior basal artery 
A®a-lateral ramus 
A®b-basal ramus 

A®-Lateral basal artery 
A°%a-lateral ramus 
A®b-basal ramus 

A!*_Posterior basal artery 
A'%a-laterobasal ramus 
A'b-mediobasal ramus 


SEGMENTAL ARTERIES 


Left Superior Lobe 
Superior Divison 


A!+3-Apical posterior segmental artery 
A'a-apical ramus 
A'b-anterior ramus 
A?a-apical ramus 
A®%b-posterior ramus 

A2-Anterior segmental artery 
A’%a-posterior ramus 
A®b-anterior ramus 


Left Superior Lobe 
Inferior or Lingular Division 


A‘4-Superior lingular artery 
(a. lingularis superior) 
A‘ta-posterior ramus 
A‘b-anterior ramus 
A°-Inferior lingular artery 
(a. lingularis inferior) 
A°a-superior ramus 
A°b-inferior ramus 


Left Inferior Lobe 


A®-Superior segmental artery 
A®a-medial ramus 
A®b-superior ramus 
A®c-lateral ramus 

A‘-Medial basal artery 
A‘a-anterior ramus 
A‘b-medial ramus 

A’-Anterior basal artery 
A®a-lateral ramus 
A®b-basal ramus 

A®-Lateral basal artery 
A°%a-lateral ramus 
A®b-basal ramus 

A!°_Posterior basal artery 
A!°a-laterobasal ramus 
A’°b-mediobasal ramus 
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SEGMENTAL VEINS 


Right Superior Lobe 


V'-Apical segmental vein 
V'a-apical ramus 
V'b-anterior ramus 

V°-Posterior segmental vein 
V°a-apical ramus 
V°b-posterior ramus 
V°c-posterior intersegmental ramus 
V°d-anterior ramus 

V*-Anterior segmental vein 
V*a-superior ramus 
V*b-Inferior ramus 


Middle Lobe 


V?-Lateral segmental vein 
V+a-posterior ramus 
V*b-anterior ramus 

V°-Medial segmental vein 
V°a-superior ramus 
V°b-inferior ramus 


Right Inferior Lobe 


V°-Superior segmental vein 
V°a-medial ramus 
V°b-superior ramus 
V°c-lateral ramus 

V’-Medial basal segmental vein 
V‘a-anterior ramus 
V’b-medial ramus 

V’-Anterior basal segmental vein 
V®a-lateral ramus 
V*b-basal ramus 

V°-Lateral basal segmental vein 
V’a-lateral ramus 
V°b-basal ramus 

V'°_Posterior basal segmental vein 
V}°a-laterobasal ramus 
V?°b-mediobasal ramus 


Left Superior Lobe 
Superior Division 


V!+ 3-Apical posterior segmental vein 
V!-Apical vein 
V'a-apical ramus 
V'b-anterior ramus 
V°-Posterior vein 
V%a-apical ramus 
V°b-posterior ramus 
V°c-posterior intersegmental ramus 


V*-Anterior segmental vein 
V*a-superior ramus 
V*b-inferior ramus 
V*c-posterior ramus 


Inferior Division 


V+-Superior lingular segmental vein 
V4a-posterior ramus 
V*b-anterior ramus 

V°-Inferior lingular segmental vein 
V°a-superior ramus 
V°b-inferior ramus 


Left Inferior Lobe 


V°-Superior segmental vein 
V°a-medial ramus 
V°b-superior ramus 
Wo elateral ramus 

V’-Medial basal segmental vein 
V‘a-lateroanterior ramus 
V‘b-medioanterior ramus 

V*-Anterior basal segmental vein 
V°a-lateral ramus 
V°b-basal ramus 

V°-Lateral basal segmental vein 
V-a—la@teral ramus 
©. b-basal ramus 

V'°_Posterior basal segmental vein 
7 *°a-laterobasal ramus 
V!°b-mediobasal ramus 
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Fic. 15-36. Ventral view of bronchial tree illustrating prevailing mode of branching. (Redrawn from E. A. Boyden, 
1955, Segmental Anatomy of the Lungs, courtesy of Blakiston Division, McGraw-Hill Book Co., Inc.) 
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Fic. 15-37. -Dissection of mediastinal surface of right 
superior lobe showing the prevailing pattern. The con- 
ventional colors are followed: red for arteries, blue for 
veins, and black for bronchi. (Redrawn from E. A. 
Boyden, 1955, Segmental Anatomy of the Lungs, cour- 
tesy of Blakiston Division, McGraw-Hill Book Co., Inc.) 





Fic. 15-38. Dissection of mediastinal surface of middle 
lobe. (Redrawn from E. A. Boyden, 1955, Segmental Anat- 
omy of the Lungs, courtesy of Blakiston Division, 
McGraw-Hill Book Co., Inc.) 






w inf. basal v. 


FiG. 15-39. Dissection of mediastinal surface of right 
inferior lobe; the mode of branching of the inferior pul- 
monary vein is atypical. (Redrawn from E. A. Boyden, 
1955, Segmental Anatomy of the Lungs, courtesy of 
Blakiston Division, McGraw-Hill Book Co., Inc.) 





Fic. 15-40. Dissection of mediastinal surface of left 
superior lobe. (Redrawn from E. A. Boyden, 1955, Seg- 
mental Anatomy of the Lungs, courtesy of Blakiston 
Division, McGraw-Hill Book Co., Inc.) 


STRUCTURE 


The lungs are composed of an external 
serous coat, a subserous areolar tissue, and 
the pulmonary substance or parenchyma. 
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Fic. 15-41. Dissection of mediastinal surface of fairly 
typical left inferior lobe. (Redrawn from E. A. Boyden, 
1955, Segmental Anatomy of the Lungs, courtesy of 
Blakiston Division, McGraw-Hill Book Co., Inc.) 


Serous Coat 


The serous coat is the pulmonary pleura 
(p. 1380). It is thin, transparent, and invests 
the entire organ as far as the root. 


Subserous Alveolar Tissue 


The subserous areolar tissue contains a 
large proportion of elastic fibers. It invests 
the entire surface of the lung and extends 
inward between the lobules. 


Parenchyma 


The parenchyma is composed of second- 
ary lobules which, although closely con- 
nected together by an interlobular areolar 
tissue, are quite distinct from one another, 
and in the fetus may be teased asunder with- 
out much difficulty. The secondary lobules 
vary in size; those on the surface are large 
and pyramidal, with the base turned toward 
the surface: those in the interior are smaller 
and variously shaped. Each secondary lob- 
ule is composed of several primary lobules, 
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the anatomic units of the lung. The primary 
lobule consists of an alveolar duct, the air 
spaces connected with it, and blood vessels, 
lymphatics, and nerves (Fig. 15-42). 

INTRAPULMONARY BRONCHI. ‘The intrapul- 
monary bronchi divide and_ subdivide 
throughout the entire organ, the smallest 
subdivisions constituting the lobular bron- 
chioles. The larger divisions consist of: (1) an 
outer coat of fibrous tissue, in which irregu- 
lar plates of hyaline cartilage are found at 
intervals, with the most developed appear- 
ing at the points of division; (2) internal to 
the fibrous coat, an interlacing network of 
circularly disposed smooth muscle fibers, 
the bronchial muscle; and (3) most inter- 
nally, the mucous membrane, which is lined 
by columnar ciliated epithelium resting on a 
basement membrane. The corium of the 
mucous membrane contains numerous elas- 
tic fibers that run longitudinally and a cer- 
tain amount of lymphoid tissue; it also con- 
tains the ducts of mucous glands, the acini of 
which lie in the fibrous coat. 

In the lobular bronchioles (terminal bron- 
chioles), the ciliated epithelial cells become 
cuboidal, and cartilage plates cease to exist 





Fic. 15-42. Part of a secondary lobule from the depth 
of a human lung, showing parts of severa! primary lob- 
ules. 1, bronchiole; 2, respiratory bronchiole; 3, alveolar 
duct; 4, atria; 5, alveolar sac; 6, alveolus or air cell; m, 
smooth muscle: a, branch pulmonary artery; v, branch 
pulmonary vein; s, septum between secondary lobules. 
Camera drawing of one 50-p section. 20 x diameters. 
(Miller, Jour. Morph.) 


when the diameter of the bronchiole reaches 
about 1mm. Branching and anastomosing 
bands of smooth muscle fibers, continuous 
with those of the intrapulmonary bronchi, 
invest the bronchiole and its subdivisions to 
the point of junction between alveolar duct 
and atrium (Fig. 15-43). 

Each bronchiole, according to Miller 
(1947), divides into two or more respiratory 
bronchioles, with scattered alveoli, and each 
of these again divides into several alveolar 
ducts, with a greater number of alveoli con- 
nected with them (Fig. 15-44). Each alveolar 
duct is connected with a variable number of 
irregularly spherical spaces, which also pos- 
sess alveoli, the atria. With each atrium, a 





Fic. 15-43. View of areconstruction, from a dog’s lung, 
of the musculature of a noncartilaginous bronchiolus 
(lobular bronchiole), 0.565 mm in diameter, its branches, 
and its termination in a primary lobule of which only a 
single alveolar sac is shown completely reconstructed. 
B, bronchiolus: B.R. bronchiotus respiratorius; D.AL., 
ductulus alveolaris: S.Al.. sacculus alveolaris. 125 « and 
reduced to 8. (Miller, The Lung. courtesy of Charles C 
Thomas.) 
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Fic. 15-44. General scheme of a primary lobule, showing the subdivisions of (B) a respiratory bronchiole into two 
alveolar ducts; and the atria (A), alveolar sacs (S.AL.) of one of these ducts. ALV’, alveoli scattered along the bronchi- 
oles; P, pleura, 1, pulmonary artery, dividing into smaller radicles for each atrium, one of which terminates in a 
capillary plexus on the wall of an alveolus; 2, its branches to the respiratory bronchiole and alveolar duct; 3, pulmo- 
nary vein with its tributaries from the pleura 6, capillary plexus of alveolus, and wall of the atrium 9 and alveolar duct 
10; 4, lymphatics; dotted areas at 7, 8, 9 and 10, indicating areas of lymphoid tissue; 5, bronchial artery terminating in 
a plexus on the wall of the bronchiole; 5’, bronchial artery terminating in pleura. (Miller, The Lung, courtesy of Charles 


C Thomas.) 


variable number (2 to 5) of alveolar sacs are 
connected which bear alveoli or air spaces 
on all parts of their circumference. 
ALVEOLI. The alveoli are lined by a con- 
tinuous layer of pulmonary alveolar epithe- 
lium. The nuclei of the epithelial cells pro- 
trude into the air spaces, and the perinuclear 
cytoplasm attenuates abruptly into thin 
sheets of cytoplasm. The cytoplasmic sheets, 
averaging about 0.2 »m in thickness, rest on a 
basement membrane and face on the alveo- 
lar air spaces. The alveolar walls contain 
blood capillaries and collagenous, reticular, 
and elastic connective tissue fibers. The bar- 


rier between the capillary blood and alveo- 
lar air includes two thin layers of cytoplasm, 
alveolar epithelium and capillary endothe- 
lium with adherent basement membranes 
for each. Tissue space between these two 
membranes may be potential or real, but 
they are not adherent and variable amounts 
of interstitial elements may separate them. 

The fetal lung resembles a gland in that 
the alveoli have a small lumen and are lined 
by cubical epithelium. After the first respira- 
tion the alveoli become distended, and the 
epithelium takes on the characteristics of the 
adult. 
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VESSELS. The bronchial arteries supply blood 
for the nutrition of the lung; the right lung usually 
receives a single artery and the left lung receives 
two. They are derived from the ventral side of the 
upper part of the thoracic aorta or from the upper 
aortic intercostal arteries. Some are distributed to 
the bronchial glands and to the walls of the bronchi 
and pulmonary vessels; those supplying the bronchi 
extend as far as the respiratory bronchioles, where 
they form capillary plexuses that unite with similar 
plexuses formed by the pulmonary artery, both of 
which give rise to small venous trunks forming one 
of the sources of the pulmonary vein. Others are 
distributed in the interlobular areolar tissue and end 
partly in the deep and partly in the superficial bron- 
chial veins. Lastly, some ramify upon the surface of 
the lung, beneath the pleura, where they form a cap- 
illary network. 


The bronchial vein is formed at the root of the 
lung. It receives superficial and deep veins from a 
limited area about the hilum; the larger part of the 
blood supplied by the bronchial arteries is returned 
by the pulmonary veins. The bronchial vein ends on 
the right side in the azygos vein, and on the left side 
in the highest intercostal vein or in the accessory 
hemiazygos vein. 

The lymphatics are described on page 894. 

NeRveEsS. The lungs are supplied from the anterior 
and posterior pulmonary plexuses, formed chiefly by 
branches from the sympathetic and vagus nerves. 
The filaments from these plexuses accompany the 
bronchial tubes, supplying efferent fibers to the 
bronchial muscle and afferent fibers to the bronchial 
mucous membrane and probably to the alveoli of the 
lung. Small ganglia are found upon these nerves. 
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The digestive system, which provides the 
apparatus for the digestion of food, consists 
of the digestive tube and certain accessory 
organs. 

The digestive tube (alimentary canal) is a 
musculomembranous tube, about 9 meters 
long, that extends from the mouth to the 
anus; it is lined throughout its entire extent 
by mucous membrane. Different names have 
been applied to the various parts of its 
course: at its commencement is the mouth, 
where provision is made for the mechanical 
division of the food (mastication), and for its 
admixture with a fluid secreted by the sali- 
vary glands (insalivation). Beyond this are 
the pharynx and esophagus, which convey 
food into the stomach, where it is stored for 
a time and where the first stages of the diges- 
tive process take place. The stomach is fol- 
lowed by the small intestine, which is di- 
vided for purposes of description into three 
parts: the duodenum, the jejunum, and the 
ileum. In the small intestine the process of 
digestion is completed and the resulting 
products are absorbed into the blood and 
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lacteal vessels. Finally the small intestine 
ends in the large intestine, made up of 
cecum, colon, rectum, and anal canal, the 
last terminating on the surface of the body at 
the anus. 

The accessory organs are the teeth, for 
purposes of mastication; the three pairs of 
salivary glands—the parotid, the subman- 
dibular, and the sublingual—the secretion 
from which mixes with the food in the 
mouth and converts it into a bolus and acts 
chemically on one of its constituents; the 
liver and pancreas, two large glands in the 
abdomen, the secretions of which, in addi- 
tion to that of numerous minute glands in 
the walls of the alimentary canal, assist in 
the process of digestion. 


Development of the 
Digestive System 


The primitive digestive tube consists of 
two parts: (1) the foregut, within the cephalic 
flexure and dorsal to the heart; and (2) the 
hindgut, within the caudal flexure (Fig. 16-1). 
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Fic. 16-1. Human embryo about 15 days old. Brain and 
heart represented from right side. Digestive tube and 
yolk sac in median section. (After His.) 


Yolk sac 


Hindgut 


Between these is the wide opening of the 
yolk sac, which is gradually narrowed and 
reduced to a small foramen leading into the 
vitelline duct. At first the foregut and hind- 
gut end blindly. The anterior end of the fore- 
gut is separated from the stomodeum by the 
buccopharyngeal membrane (Fig. 16-1); the 
hindgut ends in the cloaca, which is closed 
by the cloacal membrane. 


MOUTH AND ASSOCIATED STRUCTURES 


MOUTH. The mouth is developed partly 
from the stomodeum and partly from the 
floor of the anterior portion of the foregut. 
By the growth of the head end of the embryo 
and the formation of the cephalic flexure, 
the pericardial area and the buccopharyn- 
geal membrane come to lie on the ventral 
surface of the embryo. With the further ex- 
pansion of the brain and the forward bulging 
of the pericardium, the buccopharyngeal 
membrane is depressed between these two 
prominences. This depression constitutes 
the stomodeum (Fig. 16-1), which is lined by 
ectoderm and is separated from the anterior 
end of the foregut by the buccopharyngeal 
membrane. This membrane is devoid of 
mesoderm, being formed by the apposition 
of the stomodal ectoderm with the foregut 
entoderm; at the end of the third week it dis- 
appears, and thus a communication is estab- 
lished between the mouth and the future 
pharynx. No trace of the membrane is found 
in the adult, and the communication just 
mentioned must not be confused with the 
permanent isthmus faucium. The lips, teeth, 
and gums are formed from the walls of the 
stomodeum, but the tongue develops in the 
floor of the pharynx. 

The visceral arches extend ventrally be- 
tween the stomodeum and the pericardium, 
and with the completion of the mandibular 
arch and the formation of the maxillary 
processes, the mouth assumes the appear- 
ance of a pentagonal orifice. The orifice is 
bounded cranially by the frontonasal proc- 
ess, caudally by the mandibular arch, and 
laterally by the maxillary processes (Fig. 
16-2), With the inward growth and fusion of 
the palatine processes (Figs. 2-55; 2-56), the 
stomodeum is divided into an upper nasal 
and a lower buccal part. Along the free mar- 
gins of the processes bounding the mouth 
cavity a shallow groove appears; this is 
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Fig. 16-2. Head end of human embryo about 30 to 31 
days old. (From model by Peters.) 


termed the primary labial groove, and from 
the bottom of it ectoderm grows downward 
into the underlying mesoderm. The central 
cells of the ectodermal downgrowth degen- 
erate and a secondary labial groove forms, 
and as this deepens, the lips and cheeks sep- 
arate from the alveolar processes of the 
maxillae and mandible. 

SALIVARY GLANDS. The salivary glands 
arise as buds from the epithelial lining of the 
mouth. The parotid gland appears during the 
fourth week in the angle between the maxil- 
lary process and the mandibular arch. The 
submandibular gland appears in the sixth 
week, and the sublingual gland appears dur- 
ing the ninth week in the hollow between 
the tongue and the mandibular arch. 

TONGUE. The tongue (Figs. 16-3 to 16-6) 
develops in the floor of the pharynx, and 
consists of an anterior or buccal part and a 
posterior or pharyngeal part, which are sep- 
arated in the adult by the V-shaped sulcus 
terminalis. During the third week there ap- 
pears, immediately dorsal to the ventral 
ends of the two halves of the mandibular 
arch, a rounded swelling named the tubercu- 
lum impar, which may help to form the buc- 
cal part of the tongue or may be purely a 
transitory structure. From the ventral ends 
of the fourth arch there arises a second and 
larger elevation, in the center of which is a 
median groove or furrow. This elevation was 
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Fic. 16-3. Same embryo as shown in Figure 16-2, with 
front wall of pharynx removed. 


named the furcula by His! and at first it is 
separated from the tuberculum impar by a 
depression, but later by a ridge, the copula, 
which is formed by the forward growth and 
fusion of the ventral ends of the second and 
third arches. The posterior or pharyngeal 
part of the tongue develops from the copula, 
which extends forward in the form of a V, to 
embrace between its two limbs the buccal 
part of the tongue. At the apex of the V, a 
pit-like invagination occurs to form the thy- 
roid gland, and this depression is repre- 
sented in the adult by the foramen cecum of 
the tongue. In the adult the union of the an- 
terior and posterior parts of the tongue is 


‘Wilhelm His (1831-1904): A German anatomist and 
physiologist (Basel and Leipzig). 
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Fig. 16-4. Floor of pharynx of human embryo about 26 
days old. (From model by Peters.) 


Lateral tongue swellings 











ibuler 


aH Tub. 


ye LIN PAT 
Q 








- 4 cond . a 
oo Copula® 


Entrance to 
larynx 


Arytenoid 
swellings 


Fic. 16-5. Floor of pharynx of human embryo at the 
end of the fourth week. (From model by Peters.) 


marked by the V-shaped sulcus terminalis, 
the apex of which is at the foramen cecum, 
while the two limbs run lateralward and for- 
ward, parallel to, but a little behind, the 
vallate papillae. 

PALATINE TONSILS. The palatine tonsils 
develop from the dorsal angles of the second 
branchial pouches. The entoderm that lines 
these pouches grows into the surrounding 
mesoderm in the form of solid buds. These 
buds become hollowed out by the degenera- 
tion and casting off of their central cells, 
forming the tonsillar crypts. Lymphoid cells 
accumulate around the crypts and become 
grouped to form the lymphoid follicles; the 
latter, however, are not well defined until 
after birth. 


PHARYNX AND POSTPHARYNGEAL 
ALIMENTARY TUBE 


The cranial part of the foregut becomes 
dilated to form the pharynx (Fig. 16-1), in re- 
lation to which the branchial arches are de- 
veloped (see p. 45); the succeeding part re- 
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Fic. 16-6. Floor of pharynx of human embryo about 30 
days old. (From model by Peters.) 


mains tubular, and with the descent of the 
stomach is elongated to form the esophagus. 
About the fourth week a fusiform dilatation 
appears, which is the future stomach, and 
beyond this the gut opens freely into the 
yolk sac (Fig. 16-7, A and B). The opening is 
wide at first, but it gradually narrows into a 
tubular stalk, the yolk stalk or vitelline duct. 
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Between the stomach and the mouth of the 
yolk sac the liver diverticulum appears. From 
the stomach to the rectum the alimentary 
canal is attached to the notochord by a band 
of mesoderm, from which the common mes- 
entery of the gut subsequently develops. 
The stomach is also attached to the ventral 
abdominal wall as far as the umbilicus by 
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Fic. 16-7. Sketches in profile of two stages in the development of the human digestive tube. (His 7; 00" <<) B20 oc 
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the septum transversum. The cranial portion 
of the septum takes part in the formation of 
the diaphragm, whereas the caudal portion, 
into which the liver grows, forms the ventral 
mesogastrium (Fig. 16-10). As the stomach 
undergoes further dilatation, its two curva- 
tures become recognizable (Figs. 16-7, B; 
16-8), the greater curvature oriented toward 
the vertebral column and the lesser curva- 
ture toward the anterior wall of the abdo- 
men, with its two surfaces facing to the 
right and left respectively. Caudal to the 
stomach the gut undergoes great elongation 
and forms a V-shaped loop that projects 
ventralward: from the bend or angle of the 
loop the vitelline duct passes into the umbil- 
icus (Fig. 16-9), For a time a large part of the 
loop extends beyond the abdominal cavity 
into the umbilical cord, but by the end of the 
third month it has been drawn back into the 
cavity. With the lengthening of the tube, the 
mesoderm that attaches it to the future ver- 
tebral column and carries the blood vessels 
to supply the gut, becomes thinner and 
drawn out to form the posterior common 
mesentery. The portion of this mesentery 
that is attached to the greater curvature of 
the stomach is named the dorsal mesogas- 
trium, and the part that suspends the colon is 
termed the mesocolon (Fig. 16-10). 

About the sixth week, a diverticulum of 
the gut appears just caudal to the opening of 
the vitelline duct and indicates the future 
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cecum and vermiform appendix. The part of 
the loop on the distal side of the cecal diver- 
ticulum increases in diameter and forms the 
future ascending and transverse portions of 
the large intestine. Until the fifth month the 
cecal diverticulum has a uniform caliber, 
but from this time onward its distal part 
remains rudimentary and forms the vermi- 
form appendix, while its proximal part ex- 
pands to form the cecum. Changes also take 
place in the shape and position of the stom- 
ach. Its dorsal part or greater curvature, to 
which the dorsal mesogastrium is attached, 
grows much more rapidly than its ventral 
part or lesser curvature, to which the ventral 
mesogastrium is fixed. Also, the greater cur- 
vature swings toward the left, so that the 
right surface of the stomach becomes di- 
rected dorsalward and the left surface 
ventralward (Fig. 16-11), a change in position 
that explains why the left vagus nerve is 
found on the ventral surface of the stomach 
and the right vagus on the dorsal surface. 
The dorsal mesogastrium, being attached to 
the greater curvature, must necessarily fol- 
low this movement, and hence it becomes 
ereatly elongated and drawn _ lateralward 
and ventralward from the vertebral column; 
as in the case of the stomach, the right 
surfaces of both the dorsal and ventral 
mesogastria are now directed dorsalward, 
and the left ventralward. In this way a 
pouch, the lesser sac (omental bursa), is 
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Ventral view of two successive stages in the development of the digestive tube. (His.) 


Septum transversum 






~“ 
.. 
= 
3 
io 


Aorta 


* 
© 
= | 


Liver 


Fay 
; 
Xba, a : 






| 


iti.) Cie 









Dorsal 
mesogastrium 









iy 
Ta {? 
bby wf 


’ 
ae WY 
ag \ NAR 


wh 


~ 
ws 4 


Falciform ligament 
of liver 


















< =a. g 
-, gee = COU tomach 
Lesser omentum fH G 
. se a - 
< “4 a = E. 
Ss | one 
i 5 et | aes ro 
Gost, — 
Umbilical vein 
Intestinal 
V-shaped loop 
Umbilical cord Mesentery 
Colon 


Fig. 16-9. The primitive mesentery of a six-week-old 
human embryo, half schematic. (Kollmann.) 


formed dorsal to the stomach. This increases 
in size as the digestive tube undergoes fur- 
ther development, and the entrance to the 
pouch becomes the future epiploic foramen 
or foramen of Winslow. ! 

The duodenum develops from the part of 


‘Jacob Benignus Winslow (1669-1760): A Danish anato- 
mist who worked in Paris. 
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the tube that immediately succeeds the stom- 
ach; it undergoes little elongation, being 
more or less fixed in position by the liver 
and pancreas, which arise as diverticula 
from it. The duodenum is first suspended by 
a mesentery and projects ventralward in the 
form of a loop. The loop and its mesentery 
are subsequently displaced by the transverse 
colon, so that the right surface of the duode- 
nal mesentery is directed dorsalward, and 
adhering to the parietal peritoneum, is lost. 
The remainder of the digestive tube be- 
comes greatly elongated, and as a conse- 
quence the tube is coiled on itself. This elon- 
gation demands a corresponding increase in 
the width of the intestinal attachment of the 
mesentery, which becomes folded. 

At this stage the small and large intestines 
are attached to the vertebral column by a 
continuous common mesentery, with the 
coils of the small intestine falling to the right 
of the midline and the large intestine falling 
to the left (Fig. 16-11). 


Sometimes this condition persists throughout life, 
and it is then found that the duodenum does not 
cross from the right to the left side of the vertebral 
column, but lies entirely on the right side of the 
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Fic. 16-10. Abdominal part of digestive tube and its attachment to the primitive or common mesentery. Human 


embryo of six weeks. (After Toldt.) 
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Fig. 16-11. Diagrams to illustrate two stages in the development of the digestive tube and its mesentery. The arrow 
indicates the entrance to the bursa omentalis. The ventral mesogastrium has been eliminated. 


median plane, where it is continued into the jeju- 
num, the arteries to the small intestine also arise 
from the right instead of the left side of the superior 
mesenteric artery. 


The gut is now rotated counterclockwise 
upon itself, so that the large intestine is car- 
ried ventral to the small intestine, and the 
cecum is placed immediately caudal to the 
liver. About the sixth month the cecum de- 
scends into the right iliac fossa, and the large 
intestine forms an arch consisting of the as- 
cending, transverse, and descending por- 
tions of the colon; the transverse portion 
crosses ventral to the duodenum and lies just 
caudal to the greater curvature of the stom- 
ach, the coils of the small intestine being dis- 
posed within this arch (Fig. 16-12). Some- 
times the caudalward progress of the cecum 
is arrested, so that in the adult it may lie im- 
mediately caudal to the liver instead of in 
the right iliac region. 

Further changes that take place in the lesser 
sac (omental bursa) and in the common mes- 
entery give rise to the peritoneal relations 
seen in the adult. The omental bursa, which 
at first reaches only as far as the greater cur- 
vature of the stomach, grows caudalward to 
form the greater omentum; this extension 
lies ventral to the transverse colon and the 
coils of the small intestine (Fig. 16-13). Be- 


fore the pleuroperitoneal opening is closed, 
the omental bursa sends a diverticulum 
cranialward on either side of the esophagus; 
the left diverticulum soon disappears, but 
the right diverticulum becomes constricted 





Fig. 16-12. Final disposition of the intestines and their 
vascular relations. (Jonnesco.) A, Aorta. H, Hepatic ar- 
tery. M, Col., Branches of superior mesenteric artery. m, 
m’, Branches of inferior mesenteric artery. S, Splenic ar- 
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Fic. 16-13. Schematic figure of the omental bursa, etc. 
Human embryo of eight weeks. (Kollmann.) 


and persists in most adults as a small sac 
lying within the thorax on the right side of 
the caudal end of the esophagus. 

The ventral layer of the transverse meso- 
colon is at first distinct from the dorsal layer 
of the greater omentum, but ultimately the 
two blend, and hence the greater omentum 
appears to be attached to the transverse 
colon (Fig. 16-14). The mesenteries of the 
ascending and descending parts of the colon 
disappear in the majority of cases, while that 
of the small intestine assumes the oblique 
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attachment characteristic of its adult condi- 
tion. 

The lesser omentum is formed, as indi- 
cated previously, by the mesoderm or 
ventral mesogastrium, which attaches the 
stomach and duodenum to the anterior 
abdominal wall. The subsequent growth of 
the liver separates this leaf into two parts: 
the lesser omentum between the stomach 
and liver, and the falciform and coronary 
ligaments between the liver and the abdomi- 
nal wall and diaphragm (Fig. 16-13). 


RECTUM AND ANAL CANAL 


The hindgut is at first prolonged caudal- 
ward into the body stalk as the tube of the 
allantois. With the growth and flexure of 
the caudal end of the embryo, the body stalk, 
with its allantoic tube, is carried cranialward 
to the ventral aspect of the body, and conse- 
quently a bend is formed at the junction of 
the hindgut and allantois. This bend be- 
comes dilated into a pouch that constitutes 
the entodermal cloaca; the hindgut opens 
into its dorsal part and the allantois extends 
out ventrally from its ventral part. At a later 
stage the mesonephric (Wolffian)! and para- 
mesonephric (Millerian)? ducts open into its 
ventral portion. The cloaca is, for a time, 


1Kaspar Friedrich Wolff (1733-1794): A Russian anato- 
mist and physiologist (St. Petersburg). 

“Johannes Peter Miller (1801-1858): A German anato- 
mist and physiologist (Berlin). 
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Fic. 16-14. Diagrams to illustrate the development of the greater omentum and transverse mesocolon. 
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shut off from the exterior by the cloacal 
membrane, which is formed by the apposi- 
tion of the ectoderm and entoderm and 
reaches, at first, as far cranialward as the fu- 
ture umbilicus. The mesoderm subsequently 
progresses caudalward to form the lower 
part of the abdominal wall and symphysis 
pubis. By the growth of the surrounding tis- 
sues, the cloacal membrane comes to lie at 
the bottom of a depression, which is lined by 
ectoderm and is named the ectodermal 
cloaca (Fig. 16-15). 

The entodermal cloaca is divided into a 
dorsal and a ventral part by means of a parti- 
tion, the urorectal septum (Fig. 16-16), which 
grows Caudalward from the ridge that sepa- 
rates the allantoic from the cloacal opening 
of the intestine; ultimately, this septum fuses 
with the cloacal membrane and divides it 
into an anal and a urogenital part. The dor- 
sal part of the cloaca forms the rectum, and 
the ventral part forms the urogenital sinus 
and bladder. For a time a communication 
named the cloacal duct exists between the 
two parts of the cloaca below the urorectal 
septum; this duct occasionally persists as a 
passage between the rectum and urethra. 

The anal canal is formed by an invagina- 
tion of the ectoderm behind the urorectal 
septum. This invagination is termed the 
proctodeum, and it meets with the entoderm 
of the hindgut and forms the anal mem- 
brane. By the absorption of this membrane, 
the anal canal becomes continuous with the 
rectum (Fig. 17-12). A small part of the hind- 
gut projects caudalward beyond the anal 
membrane; it is named the postanal gut (Fig. 
16-15), and it usually becomes obliterated. 
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Fic. 16-15. Tail end of human embryo 15 to 18 days old. 
(From model by Keibel.) 
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Fic. 16-16. Cloaca of human embryo 25 to 27 days old. 
(From model by Keibel.) 


The Mouth 


The cavity of the mouth (oral or buccal 
cavity) (Fig. 16-17) is placed at the com- 
mencement of the digestive tube; it is a 
nearly oval shaped cavity that consists of 
two parts: an outer, smaller portion, the ves- 
tibule, and an inner, larger part, the mouth 
cavity proper. 


VESTIBULE 


The vestibule (vestibulum oris) is a slitlike 
space, bounded externally by the lips and 
cheeks, internally by the gums and teeth. It 
communicates with the surface of the body 
by the rima or orifice of the mouth. Superi- 
orly and inferiorly, it is limited by the reflec- 
tion of the mucous membrane from the lips 
and cheeks to the gums covering the upper 
and lower alveolar arches respectively. It 
receives the secretion from the parotid sali- 
vary glands and communicates, when the 
jaws are Closed, with the mouth cavity 
proper by an aperture on either side behind 
the molar teeth and by narrow clefts be- 
tween opposing teeth. 


MOUTH CAVITY PROPER 


The mouth cavity proper (Fig. 16-17) is 
bounded laterally and ventrally by the alve- 
olar arches with their contained teeth: dor- 
sally, it communicates with the pharynx by 
a constricted aperture termed the isthmus 
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Fic. 16-17. Median sagittal section of head and neck showing nasal, pharyngeal, and laryngeal cavities. (Eycleshymer 


and Jones.) 


faucium. It is roofed in by the hard and soft 
palates, while the greater part of the floor is 
formed by the tongue, the remainder by the 
reflection of the mucous membrane from the 
sides and under surface of the tongue to the 
gum lining the inner aspect of the mandible. 
It receives the secretions from the subman- 
dibular and sublingual salivary glands. 


LIPS 


The lips (labia oris) (Fig. 16-17), the two 
fleshy folds that surround the rima or orifice 
of the mouth, are covered externally by in- 
tegument and internally by mucous mem- 
brane, between which are found the orbicu- 
laris oris muscle, the labial vessels, some 
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nerves. areolar tissue. fat, and numerous 
small labial glands. The inner surface of 
each lip is connected in the midline to the 
corresponding gum by a median fold of 
mucous membrane, the frenulum. 

The labial glands are situated between the 
mucous membrane and the orbicularis oris, 
around the orifice of the mouth. They are 
globular and about the size of small peas: 
their ducts open by minute orifices upon the 
mucous membrane. In structure they resem- 
ble the salivary glands. 


CHEEKS 


The cheeks (buccae) form the sides of the 
face and are continuous anteriorly with the 
lips. They are composed externally of integ- 
ument and internally of mucous membrane: 
between the two are a muscular stratum, a 
large quantity of fat (corpus adiposum 
buccae), areolar tissue, vessels, nerves, and 
buccal glands. 

The buccal glands are placed betweeen 
the mucous membrane and buccinator mus- 
cle; they are similar in structure to the labial 
glands but smaller. About five glands, larger 
than the rest, are placed between the mas- 
seter and buccinator muscles around the dis- 
tal extremity of the parotid duct: their ducts 
open in the mouth opposite the last molar 
tooth. They are called molar glands. 

STRUCTURE OF THE CHEEKS. The mucous 
membrane lining the cheek is reflected 
above and below upon the gums, and is con- 
tinuous behind with the lining membrane of 
the soft palate. Opposite the second molar 
tooth of the maxilla is a papilla, on the sum- 
mit of which is the aperture of the parotid 
duct (papilla parotidea). The principal mus- 
cle of the cheek is the buccinator, but other 
muscles enter into its formation, viz., the 
zygomaticus, risorius, and the platysma 
muscles. 


GUMS 


The gums (gingivae) are composed of 
dense fibrous tissue that is closely connected 
to the periosteum of the alveolar processes 
and surrounds the neeks of the teeth. They 
are covered by a smooth and vascular mu- 
cous membrane, which is remarkable for its 


limited sensibility. Around the necks of the 
teeth this membrane presents numerous fine 
papillae and is reflected into the alveoli, 
where it is continuous with the periosteal 
membrane lining these cavities. 


PALATE 


The palate forms the roof of the mouth. It 
consists of two portions, the hard palate an- 
teriorly and the soft palate posteriorly. 

HARD PaLaTE. The hard palate (palatum 
durum) (Fig. 16-17) forms the roof of the 
mouth and separates the oral and nasal cavi- 
ties. It is bounded anteriorly and at the sides 
by the alveolar arches and gums; posteriorly, 
it is continuous with the soft palate. Its bony 
support (palatum osseum), formed by the 
palatine process of the maxilla and the hori- 
zontal part of the palatine bone (Fig. 16-19), 
is covered by a dense structure formed by 
the periosteum and mucous membrane of 
the mouth, which are intimately adherent. 
Along the midline is a linear raphe, which 
ends anteriorly in a small papilla (papilla 
incisiva) that corresponds with the incisive 
canal. On either side and anterior to the 
raphe, the mucous membrane is thick. pale, 
and corrugated; posteriorly, it is thin. 
smooth, and of a deeper color. It is covered 
with stratified squamous epithelium and fur- 
nished with numerous palatal glands that lie 
between the mucous membrane and the sur- 
face of the bone. 

SOFT PALATE. The soft palate (palatum 
molle) (Fig. 16-17) is suspended from the pOs- 
terior border of the hard palate. It consists of 
a fold of mucous membrane that encloses 
muscular fibers, an aponeurosis, vessels. 
nerves, lymphoid tissue, and mucous glands. 
When elevated, as in swallowing and in 
sucking, it completely separates the nasal 
cavity and nasopharynx from the posterior 
part of the oral cavity and the oral portion of 
the pharynx (Fig. 16-17). When occupying its 
usual position, i.e., relaxed and pendent, its 
anterior surface is concave, continuous with 
the roof of the mouth, and marked by a me- 
dian raphe. Its posterior surface is convex 
and continuous with the mucous membrane 
that covers the floor of the nasal cavities. It is 
attached to the posterior margin of the hard 
palate, and its sides are blended with the 
pharynx. Its posterior border, termed the 


palatine velum (velum palatinum), is free 
and hangs like a curtain between the mouth 
and pharynx. 

Hanging from the middle of its posterior 
border is a small, conical, pendulous proc- 
ess, the palatine uvula. Arching lateral- 
ward from the base of the uvula on either 
side are two curved folds of mucous mem- 
brane that contain muscular fibers and are 
called the arches or pillars of the fauces (Fig. 
16-42). 


The Teeth 


16-24) appear at different periods of life. 
Those of the first set appear in infancy and 
are called the deciduous or milk teeth. 
Those of the second set appear in childhood, 
persist until old age, and are named perma- 
nent teeth. 

The deciduous teeth number 20: four inci- 
sors, two canines, and four molars in each 
jaw. The permanent teeth number 32: four 
incisors, two canines, four premolars, and 
six molars in each jaw. The dental formulae 
may be represented as shown in Table 16-1. 
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TABLE 16-1. Dental Formulae 
Deciduous Teeth 
nicole cai in. in. Can. mol. 
Upperjaw... 2 oes 2 2 \ Total 20 
bowerjaw... 2 fee 2 6 2 


Permanent Teeth 
pr. pr. 
mol. mol. can. in. in. can. mol. mol. 


Upper jaw 3 2 2 212 1 2 3 )fotal 32 
Lower jaw 3 Cue ei2 tf 2 «(8 


GENERAL CHARACTERISTICS 


Each tooth consists of three portions: the 
crown, projecting from the gum; the root, 
embedded in the alveolus; and the neck, the 
constricted portion between the crown and 
root (Fig. 16-24). 

The roots of the teeth are firmly implanted 
in depressions within the alveoli; these de- 
pressions are lined with periosteum, which 
invests each tooth as far as the neck. At the 
margins of the alveoli, the periosteum is con- 
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Side view of the teeth and jaws. 
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Fig. 16-19. Permanent teeth of upper dental arch, seen from below. 


Incisors 





Fig. 16-20. Permanent teeth of right half of lower den- 
tal arch, seen from above. 


tinuous with the fibrous structure of the 
gums. 

Because of the curve of the dental arch, 
terms such as anterior and posterior, as ap- 
plied to the teeth, are misleading and confus- 
ing. Special terms are therefore used to indi- 
cate the different surfaces of a tooth: the 
surface directed toward the lips or cheek is 
known as the labial or buccal surface; that 
directed toward the tongue is described as 
the lingual surface; those that touch neigh- 
boring teeth are termed surfaces of contact. 
In the case of the incisor and canine teeth, 
the surfaces of contact are medial and lat- 
eral: in the premolar and molar teeth they 
are anterior and posterior. 

The superior dental arch is larger than the 
inferior, so that in the normal condition the 
teeth in the maxillae slightly overlap those 
of the mandible both anteriorly and at the 
sides. Since the upper central incisors are 
wider than the lower, the other teeth in the 
upper arch are thrown somewhat posteri- 
orly, and the two sets do not quite corre- 
spond to each other when the mouth is 
closed. Thus the upper canine tooth rests 
partly on the lower canine and partly on the 
first premolar, and the cusps of the upper 
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Fic. 16-21. 


Permanent teeth. Right side. (Burchard.) 


molar teeth lie behind the corresponding PERMANENT TEETH (FIGS. 16-20; 16-21) 
cusps of the lower molar teeth. The two se- 

ries, however, end at nearly the same point 
posteriorly, mainly because the molars in 


the upper arch are smaller than those in the 
lower arch. 


incisors. The incisors are so named for 
their sharp cutting edge, which is adapted 
for biting food. There are eight, and they 
form the four front teeth in each dental arch. 
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Fic. 16-22. The permanent teeth, viewed from the right. The external layer of bone has been partly removed and the 
maxillary sinus has been opened to show the blood and nerve supply to the teeth. (Eycleshymer and Jones.) 
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Fic. 16-23. Deciduous teeth. Left side. 


The crown of each incisor is directed ver- 
tically and is chisel-shaped, being bevelled 
at the expense of its lingual surface, so that it 
has a sharp horizontal cutting edge, which, 
before being subjected to attrition, presents 
three small prominent points separated by 
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two slight notches. It is convex, smooth. and 
highly polished on its labial surface and con- 
cave on its lingual surface, where, in the 
teeth of the upper arch. it is frequently 
marked by an inverted V-shaped eminence 
situated near the gum. This is known as the 
basal ridge or cingulum. The neck is con- 
stricted. The root is long, single, conical, 
transversely flattened, thicker anteriorly, 
and slightly grooved on either side in the 
longitudinal direction. 

The upper incisors are larger and stronger 
than the lower and are directed obliquely 
downward and forward. The central incisors 
are larger than the lateral incisors and their 
roots are more rounded. 

The lower incisors are smaller than the 
upper; the central ones are smaller than the 
lateral and are the smallest of all the inci- 
sors. They are placed vertically and are 
somewhat bevelled anteriorly, where they 
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Fig. 16-24. Diagrammatic representation of the dental tissue. (Schour, Noyes’ Oral Histology and Embryology.) 


have been worn down by contact with the 
overlapping edge of the upper teeth. The 
cingulum is absent. 

CANINE TEETH. There are four canine 
teeth: two in the upper and two in the lower 
arch; one is placed lateral to each lateral in- 
cisor. They are larger and stronger than the 
incisors. Their roots sink deeply into the 
bones and cause well-marked prominences 
upon the surface of the alveolar arch. 

The crown is large and conical, very con- 
vex on its labial surface, a little hollowed 
and uneven on its lingual surface, and taper- 
ing to a blunted point or cusp that projects 
beyond the level of the other teeth. The root 
is single but longer and thicker than that of 
the incisors. It is conical, compressed later- 
ally, and marked by a slight groove on each 
side. 

The upper canine teeth (popularly called 
eye teeth) are larger and longer than the 
lower, and usually present a distinct basal 
ridge. 

The lower canine teeth (popularly called 
stomach teeth) are placed nearer the midline 
than the upper canines, so their summits 
correspond to the intervals between the 
upper canines and the lateral incisors. 

pRemorars. ‘There are eight premolar or 
bicuspid teeth: four in each arch. They are 
situated lateral and posterior to the canine 
teeth, and are smaller and shorter than the 
canine teeth. 

The crown is compressed anteroposteri- 
orly and is surmounted by two pyramidal 
eminences or cusps, a labial and a lingual, 
separated by a groove; hence their name bi- 
cuspid. Of the two cusps the labial is the 
larger and more prominent. The neck is oval. 
The root is generally single, compressed, and 
presents a deep groove anteriorly and poste- 
riorly, which indicates a tendency in the root 
to become double. The apex is generally 
bifid. 

The upper premolars are larger and have a 
greater tendency to form divided roots than 
the lower premolars; this is especially the 
case for the first upper premolar. 

mocars. The molar teeth are the largest 
of the permanent set, and their broad crowns 
are adapted for grinding and crushing food. 
There are 12 molars: six in each arch, three 
being placed posterior to the second premo- 
lars on each side. 

The crown of each is nearly cubical, con- 
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vex on its buccal and lingual surfaces, and 
flat on its surfaces of contact; it is sur- 
mounted by four or five tubercles or cusps, 
which are separated from each other by a 
cruciate depression. Hence the molars are 
sometimes called multicuspids. The neck is 
distinct, large, and round. 

As a rule, the first of the upper molars is 
the largest and the third is the smallest. The 
crown of the first has usually four tubercles; 
that of the second, three or four; that of the 
third, three. Each upper molar has three 
roots, and of these two are buccal and nearly 
parallel to each other; the third is lingual and 
diverges from the others. The roots of the 
third molar (dens serotinus or wisdom tooth) 
are more or less fused together. 

The lower molars are larger than the 
upper. The crown of the first usually has five 
tubercles; those of the second and third have 
four or five. Each lower molar has two roots: 
an anterior, nearly vertical, and a posterior, 
directed obliquely backward. Both roots are 
grooved longitudinally, indicating a tend- 
ency to divide. The two roots of the third 
molar (dens serotinus or wisdom tooth) are 
more or less united. 


DECIDUOUS TEETH 


The deciduous teeth (temporary or milk 
teeth) (Fig. 16-23) are smaller than, but gen- 
erally resemble in form, the permanent teeth 
that bear the same names. The posterior of 
the two molars is the largest of all the decid- 
uous teeth, and is succeeded by the first 
molar. The first upper molar has only three 
cusps—two labial, one lingual; the second 
upper molar has four cusps. The first lower 
molar has four cusps; the second lower 
molar has five. The roots of the deciduous 
molars are smaller and more divergent than 
those of the permanent molars, but in other 
respects bear a strong resemblance to them. 


STRUCTURE OF THE TEETH 


In a vertical section of a tooth (Figs. 16-24 
to 16-26), the pulp cavity is seen in the inte- 
rior of the crown and the center of each root; 
it opens by a minute orifice at the extremity 
of the latter. It contains the dental pulp, a 
loose connective tissue richly supplied with 
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Fig. 16-25. Vertical section of a molar tooth. 


vessels and nerves, which enter the cavity 
through the small aperture, the apical fora- 
men, at the point of each root. Some of the 
cells of the pulp are arranged as a layer on 
the wall of the pulp cavity; these are named 
the odontoblasts, and during the develop- 
ment of the tooth, they are columnar, but 
later, after the dentin is fully formed, they 
become flattened and resemble osteoblasts. 
Each has two fine processes: the outer one 
passes into a dental canaliculus. the inner 
one is continuous with the processes of the 
connective tissue cells of the pulp matrix. 
The solid portion of the tooth consists of 
(1) the ivory or dentin, which forms the bulk 
of the tooth; (2) the enamel, which covers the 
exposed part of the crown; and (3) a thin 
layer of bone, the cement or crusta petrosa, 
which is disposed on the surface of the root. 


Crown 


Root 





FiG. 16-26. Vertical section of a premolar tooth. (Mag- 
nified.) 


Dentin 


The dentin (dentinum; substantia eburnea: 
ivory) (Fig. 16-24) forms the principal mass 
of a tooth. It is a modification of osseous tis- 
sue, from which it differs, however, in struc- 
ture. Microscopically it consists of a number 
of minute wavy and branching tubes, the 
dental canaliculi, embedded in a dense ho- 
mogeneous substance, the matrix. 

DENTAL CANALICULI. The dental canaliculi 
(dentinal tubules) (Fig. 16-27) are placed par- 
allel with one another and open at their 
inner ends into the pulp cavity. In their 
course to the periphery they have two or 
three curves and twist spirally on them- 
selves. These canaliculi vary in direction: 
thus in a tooth of the mandible they are ver- 
tical in the upper portion of the crown, be- 
coming oblique and then horizontal in the 
neck and upper part of the root, while to- 
ward the lower part of the root they are in- 
clined downward. In their course they di- 
vide and subdivide dichotomously, and 
especially in the root, give off minute 
branches that join together in loops in the 
matrix or end blindly. Near the periphery of 
the dentin, the finer ramifications of the can- 
aliculi terminate imperceptibly by free ends. 
The dental canaliculi have definite walls, 
consisting of an elastic homogeneous mem- 
brane, the dentinal sheath (of Neumann!), 
which resists the action of acids: they con- 
tain slender cylindrical prolongations of the 
odontoblasts, the dentinal fibers (Tomes’ fi- 
bers”). 

MATRIX. ‘The matrix (intertubular dentin) is 
translucent and contains the chief part of the 
inorganic matter of the dentin. In it are a 
number of fine fibrils, which are continuous 
with the fibrils of the dental pulp. After the 
organic matter has been removed by steep- 
ing a tooth in weak acid, the remaining or- 
ganic matter may be torn into laminae that 
run parallel with the pulp cavity across the 
direction of the tubes. 

A section of dry dentin often displays a 
series of somewhat parallel lines— the in- 
cremental lines (of Salter*). These lines are 


‘Ernst N. Neumann (1834-1918): A German pathologist 
(K6nigsberg). 

“Sir John Tomes (1815-1895): An English dental surgeon 
(London). 

"Sir Samuel A. Salter (1825-1897): An English dental sur- 
geon and physician (London). 
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Fic. 16-27. Transverse section of a portion of the root 
of a canine tooth. 300 x. 


composed of imperfectly calcified dentin 
arranged in layers. Because of the imperfec- 
tion in the calcifying process, little irregular 
Cavities are left, termed interglobular spaces 
(Fig. 16-27). Normally aseries of these spaces 
is found toward the outer surface of the den- 
tin, where they form a layer that is some- 
times known as the granular layer. The name 
of these spaces was derived from the fact 
that they are surrounded by minute nodules 
or globules of dentin. 

Other curved lines may be seen parallel to 
the surface. These are the lines of Schreger’ 
and are caused by the optical effect of simul- 
taneous curvature of the dentinal fibers. 


Enamel 


The enamel (substantia adamantina) is 
the hardest and most compact part of the 
tooth; it forms a thin crust over the exposed 
part of the crown as far as the commence- 
ment of the root. It is thickest on the grinding 
surface of the crown (until worn away by 


1Bernhard Nathaniel von Schreger (1766-1825): A Ger- 
man anatomist and surgeon (Altdorf). 
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attrition) and becomes thinner toward the 
neck. 

It consists of minute hexagonal rods or 
columns termed enamel fibers or enamel 
prisms (prismata adamantina). They lie 
parallel with one another, resting by one ex- 
tremity upon the dentin, which has a num- 
ber of minute depressions for their recep- 
tion, and forming the free surface of the 
crown by the other extremity. The columns 
are directed vertically on the summit of the 
crown and horizontally at the sides; they are 
about 4 » in diameter, and pursue a more or 
less wavy course. Each column is a six-sided 
prism and has numerous dark transverse 
shadings; these shadings are probably due to 
the manner in which the columns are devel- 
oped in successive stages, producing shallow 
constrictions (as will be subsequently ex- 
plained). 

Another series of lines, which appear 
brown, the parallel striae or colored lines (of 
Retzius*), is seen on section. Some believe 
that these striae are produced by air in the 
interprismatic spaces; others believe that 
they are the result of true pigmentation. 
Numerous minute interstices appear among 
the enamel fibers near their dentinal ends, a 
provision calculated to allow the permeation 
of fluids from the dental canaliculi into the 
substance of the enamel. 


Cement 


The cement or crusta petrosa (substantia 
ossea) is disposed as a thin layer on the roots 
of the teeth from the termination of the 
enamel to the apex of each root, where it is 
usually very thick. In structure and chemical 
composition it resembles bone. It contains, 
sparingly, the lacunae and canaliculi that 
characterize true bone. The lacunae placed 
near the surface receive the canaliculi radi- 
ating from the sides of the lacunae toward 
the periodontal membrane, and those more 
deeply placed join with the adjacent dental 
canaliculi. In the thicker portions of the 
cement, the lamellae and Haversian canals? 
peculiar to bone are also found. 

As age advances, the cement increases in 
thickness and gives rise to those bony 


*Magnus Gustav Retzius (1842-1919): A Swedish anato- 
mist (Stockholm). 

3Clopton Havers (1657-1702): An English physician (Lon- 
don). 
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growths or exostoses so common on the 
teeth of the aged; the pulp cavity also be- 
comes partially filled with a hard substance 
that is intermediate in structure between 
dentin and bone (osteodentin; secondary 
dentin). It appears to be formed by a slow 
conversion of the dental pulp, which shrinks 
or even disappears. 


DEVELOPMENT OF THE TEETH 


In describing the development of the teeth, 
the mode of formation of the deciduous 
teeth must first be considered, and then that 
of the permanent series (Figs. 16-28 to 16-31). 


Development of the Deciduous Teeth 


The development of the deciduous teeth 
begins about the sixth week of fetal life as a 
thickening of the epithelium along the line 
of the future jaw, the thickening being due to 
a rapid multiplication of the more deeply sit- 
uated epithelial cells. As the cells multiply 
they extend into the subjacent mesoderm, 
and thus form a ridge or strand of cells em- 
bedded in mesoderm. 

About the seventh week a longitudinal 
splitting or cleavage of this strand of cells 
takes place, and it becomes divided into two 
strands; the separation begins anteriorly and 
extends laterally, the process occupying four 
or five weeks. Of the two strands thus 
formed, the labial forms the labiodental lam- 
ina, while the other, the lingual, is the ridge 
of cells in which the teeth, both deciduous 


= 
-“~-F — ee 


a¥e 
2g%e 


r 4 
ee 
a ae 


Ct ad 
PP Ad 
oe we 
es? 





22%, 
IIT. 
Pad 
S42@rs 
se 


on 
any Babee 

SITE Y. CM SSS Fh 

~ o%,* @ees webs wie a a w= « 

vf 4 $I ° sige. : « rl : 
Se 4 fe 
e a 
= se 


and permanent, develop. Hence it is known 
as the dental lamina or common dental 
germ. It forms a flat band of cells that grows 
into the substance of the embryonic jaw, at 
first horizontally inward, and then. as the 
teeth develop, vertically, i.e., upward in the 
upper jaw and downward in the lower jaw. 
While still maintaining a horizontal direc- 
tion it has two edges—an attached edge, con- 
tinuous with the epithelium lining the 
mouth, and a free edge, projecting inward, 
and embedded in the mesodermal tissue of 
the embryonic jaw. Along its line of attach- 
ment to the buccal epithelium is a shallow 
groove, the dental furrow. 

About the ninth week, the dental lamina 
begins to develop ten enlargements along its 
free border in each jaw, and each corre- 
sponds to a future deciduous tooth. These 
enlargements consist of masses of epithelial 
cells, and the cells of the deeper part—that 
is, the part farthest from the margin of the 
jaw—increase rapidly and spread out in all 
directions. Each mass thus comes to assume 
a club shape, connected with the general 
epithelial lining of the mouth by a narrow 
neck and embraced by mesoderm. They are 
now known as special dental germs (Fig. 16- 
28). After a time the lower expanded portion 
inclines outward, forming an angle with the 
superficial constricted portion, which is 
sometimes known as the neck of the special 
dental germ. 

About the tenth week the mesodermal tis- 
sue deep to these special dental germs be- 
comes differentiated into papillae: these 
grow upward, and come in contact with the 
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Fic. 16-28. Sagittal section through the first lower deciduous molar of a human embryo 30-mm long. (Rése.) 100 x. 
L.E.L., Labiodental lamina, here separated from the dental lamina. Z.L., Placed over the shallow dental furrow, points 
to the dental lamina, which is spread out below to form the enamel germ of the future tooth. P.p., Bicuspid papilla, 
capped by the enamel germ. Z.S., Condensed tissue forming dental sac. M.E., Mouth epithelium. 
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Fic. 16-29. Similar section through the canine tooth of an embryo 40-mm long. (Rése.) 100 x. L.F., Labiodental 


furrow. (Other abbreviations as in Fig. 16-28.) 


epithelial cells of the special dental germs, 
which fold over them like a hood or cap. 
There is, then, at this stage a papilla (or pa- 
pillae) that has already begun to assume 
somewhat the shape of the crown of the fu- 
ture tooth, and from which the dentin and 
pulp of the tooth are formed, surmounted by 





Fic. 16-30. Longitudinal section of the lower part of a 
growing tooth, showing the extension of the layer of 
ameloblasts beyond the crown to mark off the limit of 
formation of the dentin of the root. (Rése.) am., Amelo- 
blasts, continuous below with ep. sch., the epithelial 
sheath of Hertwig. d., Dentin. en., Enamel. od., Odonto- 
blasts. p., Pulp. 


a dome or cap of epithelial cells from which 
the enamel is derived. 

In the meantime, while these changes have 
been going on, the dental lamina has been 
extending posteriorly behind the special 
dental germ corresponding to the second 
deciduous molar tooth, and at about the sev- 
enteenth week it presents an enlargement, 
the special dental germ for the first perma- 
nent molar, soon followed by the formation 
of a papilla in the mesodermal tissue for the 
same tooth. This is followed, about the sixth 
month after birth, by a further extension 
posteriorly of the dental lamina, with the 
formation of another enlargement and its 
corresponding papilla for the second molar. 
And finally the process is repeated for the 
third molar, its papilla appearing about the 
fifth year of life. 

After the formation of the special dental 
germs, the dental lamina undergoes atrophic 
changes and becomes cribriform, except on 
the lingual and lateral aspects of each of the 
special germs of the temporary teeth, where 
it undergoes a local thickening to form the 
special dental germ of each of the succes- 
sional permanent teeth—i.e., the ten anterior 
ones in each jaw. Here the same process goes 
on as has been described in connection with 
those of the deciduous teeth: that is, the spe- 
cial dental germs recede into the substance 
of the gum behind the germs of the decidu- 
ous teeth. As they recede they become club- 
shaped, form expansions at their distal ex- 
tremities, and finally meet papillae, which 
have been formed in the mesoderm, in the 
Same manner as was the case in the decidu- 
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Fic. 16-31. Vertical section of the mandible of an early human fetus. 25 x. 


ous teeth. The apex of each papilla indents 
the dental germ, which encloses it, and form- 
ing a cap for it, becomes converted into the 
enamel, while the papilla forms the dentin 
and pulp of the permanent tooth. 

The special dental germs consist at first 
of rounded or polyhedral epithelial cells; 
after the formation of the papillae, these 
cells undergo a differentiation into three lay- 
ers. Those in immediate contact with the 
papilla become elongated and form a layer 
of well-marked columnar epithelium that 
coats the papilla. They are the cells that 
form the enamel fibers, and are therefore 
termed enamel cells or ameloblasts (Fig. 16- 
30). The cells of the outer layer of the special 
dental germ, which are in contact with the 
inner surface of the dental sac (presently to 
be described), are much shorter, cubical, and 
are named the external enamel epithelium. 
All the intermediate round cells of the den- 
tal germ between these two layers undergo a 
peculiar change. They become stellate and 
develop processes that unite to form a net- 
work into which fluid is secreted: this has 
the appearance of a jelly, and to it the name 
of enamel pulp is given. This transformed 
special dental germ is now known by the 
name of enamel organ (Fig. 16-31). 

While these changes are occurring, a sac is 
formed around each enamel organ from the 
surrounding mesodermal tissue. This is 
known as the dental sac, and it is a vascular 
membrane of connective tissue. It grows up 
from below, and thus encloses the whole 


tooth germ. As it grows it causes the neck of 
the enamel organ to atrophy and disappear, 
so that all communication between the 
enamel organ and the superficial epithelium 
is cut off. At this stage there are vascular 
papillae surmounted by caps of epithelial 
cells, the whole being surrounded by mem- 
branous sacs. 

FORMATION OF THE ENAMEL (Fig. 16-30). 
The enamel is formed exclusively from the 
enamel cells or ameloblasts of the special 
dental germ, either by direct calcification of 
the columnar cells, which become elongated 
into the hexagonal rods of the enamel, or, as 
is more generally believed, as a secretion 
from the ameloblasts within which calcare- 
ous matter is subsequently deposited. 

The process begins at the apex of each 
cusp, at the ends of the enamel cells in con- 
tact with the dental papilla. Here a fine glob- 
ular deposit appears, apparently being shed 
from the end of the ameloblasts. It is known 
as the enamel droplet, and it resembles kera- 
tin in its resistance to the action of mineral 
acids. This droplet then becomes fibrous, 
calcifies, and forms the first layer of enam- 
el; a second droplet now appears and 
calcifies, and so on; successive droplets of 
this keratin-like material are shed from the 
ameloblasts and form successive layers of 
enamel, the ameloblasts gradually receding 
as each layer is produced, until at the termi- 
nation of the process they have almost dis- 
appeared. 

The intermediate cells of the enamel pulp 


atrophy and disappear, so that the newly 
formed calcified material and the external 
enamel epithelium come into apposition. 
This latter layer, however, soon disappears 
on the emergence of the tooth beyond the 
gum. After its disappearance, the crown of 
the tooth is still covered by a distinct mem- 
brane, which persists for some time. This is 
known as the cuticula dentis, or Nasmyth’s 
membrane,! and is believed to be the last- 
formed layer of enamel derived from the 
ameloblasts, which has not become calci- 
fied. It forms a horny layer, which may be 
separated from the subjacent calcified mass 
by the action of strong acids. It is marked by 
the hexagonal impressions of the enamel 
prisms, and when stained by silver nitrate, 
shows the characteristic appearance of epi- 
thelium. 

FORMATION OF THE DENTIN (Fig. 16-30). 
While these changes take place in the epi- 
thelium to form the enamel, contemporane- 
ous changes in the differentiated mesoderm 
of the dental papillae result in the formation 
of the dentin. As stated before, the first 
germs of the dentin are the papillae, which 
correspond in number to the teeth and are 
formed from the soft mesodermal tissue that 
bounds the depressions containing the spe- 
cial enamel germs. 

The papillae grow upward into the enamel 
germs and become covered by them; both 
are enclosed in a vascular connective tissue, 
the dental sac, in the manner described pre- 
viously. Each papilla then constitutes the 
formative pulp from which the dentin and 
permanent pulp are developed; it consists of 
round cells and is highly vascular, and 
soon begins to assume the shape of the fu- 
ture tooth. The next step is the appearance 
of the odontoblasts, whose relation to the 
development of the teeth is similar to that of 
osteoblasts to the formation of bone. They 
are formed from the cells of the periphery of 
the papilla—that is, from the cells in imme- 
diate contact with the ameloblasts of the 
special dental germ. These cells become 
elongated; one end of the elongated cell rests 
against the epithelium of the special dental 
germs, and the other end is tapered and 
often branched. 

By direct transformation of the peripheral 
ends of these cells, or by a secretion from 


1 Alexander Nasmyth (d. 1847): A Scottish dental surgeon 
(London). 


THE TEETH 1423 


them, a layer of uncalcified matrix (prodentin) 
is formed that caps the cusp or cusps of the 
papillae. This matrix becomes fibrillated, 
and in it islets of calcification appear and 
coalesce to form a continuous layer of calci- 
fied material that covers each cusp and con- 
stitutes the first layer of dentin. The odonto- 
blasts, having thus formed the first layer, 
retire toward the center of the papilla, and as 
they do so, they produce successive layers of 
dentin from their peripheral extremities, i.e., 
they form the dentinal matrix in which cal- 
cification subsequently occurs. 

As they thus recede from the periphery of 
the papilla, the odontoblasts leave behind 
filamentous processes of protoplasm, which 
are provided with finer side processes. These 
are surrounded by the calcified material and 
thus form the dental canaliculi, and, by their 
side branches, the anastomosing canaliculi. 
The processes of protoplasm contained 
within them constitute the dentinal fibers 
(Tomes’ fibers). 

In this way the entire thickness of the den- 
tin is developed, each canaliculus being 
completed throughout its whole length by a 
single odontoblast. The central part of the 
papilla does not undergo calcification, but 
persists as the pulp of the tooth. In this proc- 
ess of dentin formation, an uncalcified ma- 
trix is first developed, and in this matrix 
islets of calcification appear, which subse- 
quently blend together to form a cap to each 
cusp; in like manner, successive layers are 
produced, which ultimately become blended 
with each other. In certain places this blend- 
ing is not complete, and portions of the ma- 
trix remain uncalcified between the succes- 
sive layers; this gives rise to little spaces, 
which are the interglobular spaces alluded 
to previously. 

FORMATION OF THE CEMENT. ‘The root of 
the tooth begins to form shortly before the 
crown emerges through the gum but is not 
completed until some time afterward. It is 
produced by a downgrowth of the epithe- 
lium of the dental germ, which extends al- 
most as far as the location of the apex of the 
future root and determines the form of this 
portion of the tooth. This fold of epithelium 
is known as the epithelial sheath, and on its 
papillary surface odontoblasts appear, 
which in turn form dentin, so that the proc- 
ess of dentin formation is identical in both 
the crown and the root. After the dentin of 
the root has developed, the vascular tissues 
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of the dental sac break through the epithelial 
sheath and spread over the surface of the 
root as a layer of bone-forming material. 
Osteoblasts appear in this material, and the 
process of ossification is identical to the 
ordinary intramembranous ossification of 
bone. In this way the cement is formed, 
which consists of ordinary bone containing 
canaliculi and lacunae. 

FORMATION OF THE ALVEOLI. About the 
fourteenth week of embryonic life, the den- 
tal lamina becomes enclosed in a trough or 
groove of mesodermal tissue, which at first is 
common to all the dental germs, but subse- 
quently becomes divided by bony septa into 
loculi. Each loculus contains the special 
dental germ of a deciduous tooth and its cor- 
responding permanent tooth. After birth, 
each cavity becomes subdivided, so as to 
form separate loculi (the future alveoli) for 
each deciduous tooth and for its correspond- 
ing permanent tooth. Although at one time 
the whole of the growing tooth is contained 
in the cavity of the alveolus, the latter never 
completely encloses it, since there is always 
an aperture over the top of the crown that is 
filled by soft tissue, by which the dental sac 
is connected with the surface of the gum, 
and which in the permanent teeth is called 
the gubernaculum dentis. 


Development of the Permanent Teeth 


The permanent teeth develop in two sets: 
(1) those that replace the deciduous teeth, 
and which, like them, number ten in each 
jaw: these are the successional permanent 
teeth; and (2) those that have no deciduous 
predecessors, but are added to the tempo- 
rary dental series. There are three such teeth 
on either side in each jaw, and they are 
called superadded permanent teeth. These 
include the three molars of the permanent 
set, as the molars of the deciduous set are 
replaced by the premolars of the permanent 
set. The development of the successional 
permanent teeth—the ten anterior ones in 
either jaw—has already been indicated. Dur- 
ing their development the permanent teeth, 
enclosed in their sacs, come to lie on the lin- 
gual side of the deciduous teeth, more dis- 
tant from the margin of the future gum, and 
as already stated, are separated from the 
deciduous teeth by bony partitions. As the 
crown of the permanent tooth grows, these 
bony partitions and the root of the decidu- 


ous tooth are absorbed, and finally nothing 
but the crown of the deciduous tooth re- 
mains. This is shed or removed and the per- 
manent tooth takes its place. 

The superadded permanent teeth develop 
in the manner already described, by exten- 
sions of the posterior part of the dental lam- 
ina in each jaw. 


ERUPTION OF THE TEETH 
(FIGS. 16-32; 16-33) 


When the calcification of the different tis- 
sues of the tooth is sufficiently advanced to 
enable it to bear the pressure to which it will 
be afterward subjected, eruption occurs 
with the tooth making its way through the 
gum. The gum is absorbed by the pressure of 
the crown of the tooth against it, which is 
itself pressed toward the surface by the in- 
creasing size of the root. At the same time 
the septa between the dental sacs ossify and 
constitute the alveoli; these firmly embrace 
the necks of the teeth and afford them a solid 
basis of support. 

The eruption of the deciduous teeth com- 
mences about the seventh month after birth 
and is complete about the end of the second 
year. The teeth of the lower jaw erupt before 
those of the upper jaw. 

The following are the most usual times of 
eruption: 


Lower central incisors ....6to 9 months 


Upper incisors - sae 8 to 10 months 
Lower lateral incisors and 
firstemelans...4 see 15 to 2lamonis 
Canimesweer.. 2 227 16 to 20 months 
5eGond Miolars... eee 20 to 24 months 


There are, however, considerable varia- 
tions in these times. Thus, according to Holt, 
at the age of 1 year, a child should have 6 
teeth; at 1% years, 12 teeth; at 2 years, 16 
teeth; and at 2% vears, 20 teeth. 

Calcification of the permanent teeth pro- 
ceeds in the following order in the lower jaw 
(in the upper jaw it occurs a little later): the 
first molar, soon after birth; the central and 
lateral incisors and the canine, about six 
months after birth; the premolars, at the sec- 
ond year or a little later: the second molar. 
about the end of the second year; the third 
molar, about the twelfth year. 

The eruption of the permanent teeth takes 





Fic. 16-32. Maxilla and mandible at about one year. 
(Noyes.) 


place at the following periods, the teeth of 
the lower jaw preceding those of the upper 
by short intervals: 


First molars. .) ee 6th year 
Two central in@ig@rs. =e 7th year 
Two lateral inGigois [7 8th year 
First premol angie. 9th year 
second premGiaieae 10th year 
Canines .. 2a 11th to 12th year 
Second molars... 12th to 13th year 
Third molars .: eee 17th to 25th year 
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Toward the sixth year, before the shed- 
ding of the deciduous teeth begins, there are 
24 teeth in each jaw: the ten deciduous teeth 
and the crowns of all the permanent teeth 
except the third molars (Fig. 16-33). The 
third molars (wisdom teeth; dentes serotini) 
are irregular in their eruption and may be 
badly oriented or buried in bone to such an 
extent that they must be removed surgically. 
Not infrequently, one or all four may fail 
entirely to develop. 


The Tongue 


The tongue (lingua) is the principal organ 
of the sense of taste and an important organ 
of speech; it also assists in the mastication 
and deglutition of food. It is situated in the 
floor of the mouth, within the curve of the 
body of the mandible. 


BORDERS AND SURFACES 


ROOT. The root (base) is the posterior 
part of the tongue and it is connected with 
the hyoid bone by the hyoglossus and genio- 
glossus muscles and the hyoglossal mem- 
brane; with the epiglottis by three folds 
(glossoepiglottic folds) of mucous mem- 
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Fic. 16-33. The teeth of a child aged about seven years. The permanent teeth are colored blue. 


1426 


brane; with the soft palate by the glossopala- 
tine arches; and with the pharynx by the 
superior constrictor muscle of the pharynx 
and the mucous membrane. 

apex. The apex (tip) is the somewhat at- 
tenuated anterior end, which rests against 
the lingual surfaces of the lower incisor 
teeth, 

INFERIOR SURFACE. The inferior surface 
(undersurface) (Fig. 16-39) is connected with 
the mandible by the mucous membrane, 
which is reflected over the floor of the mouth 
to the lingual surface of the gum. The mu- 
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cous membrane between the floor and the 
tongue in the midline is elevated into a dis- 
tinct vertical fold, the frenulum linguae. On 
either side lateral to the frenulum is a slight 
fold of the mucous membrane, the plica 
fimbriata, the free edge of which occasion- 
ally exhibits a series of fringe-like processes. 

The apex of the tongue, part of the inferior 
surface, the sides, and the dorsum are free. 

DORSUM. The dorsum of the tongue (Fig. 
16-34) is convex and marked by a median 
sulcus, which divides it into symmetrical 
halves. This sulcus ends posteriorly about 
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Fic. 16-34. The dorsum of the tongue. 


2.5 cm from the root of the organ in a depres- 
sion called the foramen cecum, from which 
a shallow groove, the sulcus terminalis, runs 
lateralward and forward on either side to 
the margin of the tongue. The part of the 
dorsum of the tongue that is anterior to this 
groove, forming about two-thirds of its sur- 
face, is rough and covered with papillae; the 
posterior third is smoother, and contains 
numerous mucous glands and lymph folli- 
cles (lingual tonsil). The foramen cecum is 
the remains of the cranial part of the thyro- 
glossal duct or diverticulum, from which the 
thyroid gland develops; the pyramidal lobe 
of the thyroid gland indicates the position of 
the lower part of the duct. 


PAPILLAE 


The papillae of the tongue (Fig. 16-35) are 
projections of the corium, thickly distrib- 
uted over the anterior two-thirds of its dor- 
sum, giving to this surface its characteristic 
roughness. The varieties of papillae are the 
vallate papillae, fungiform papillae, filiform 
papillae, and papillae simplices. 

VALLATE PAPILLAE. The vallate papillae (cir- 
cumvallate papillae) (Fig. 16-35) are large 
and vary in number from 8 to 12. They are 
situated on the dorsum of the tongue imme- 
diately anterior to the foramen cecum and 
sulcus terminalis, forming a row on either 
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side like the limbs of the letter V. Each pa- 
pilla consists of a projection of mucous 
membrane 1 to 2mm wide, attached to the 
bottom of a circular depression of the mu- 
cous membrane, the margin of which is ele- 
vated to form a wall (vallum); between this 
and the papilla is a circular sulcus or furrow. 
The papilla is shaped like a truncated cone, 
of which the smaller end is attached to the 
tongue. The broader part of the cone shape 
is free, projecting a little above the surface 
of the tongue; it is studded with numerous 
small secondary papillae and covered by 
stratified squamous epithelium. The taste 
buds are especially numerous on the walls 
of the papilla within the circular furrow. 

FUNGIFORM PAPILLAE. ‘The fungiform pa- 
pillae (Fig. 16-36), more numerous than the 
vallate, are found chiefly at the sides and 
apex of the tongue but are scattered irregu- 
larly and sparingly over the dorsum. They 
are easily recognized among the other papil- 
lae by their large size, round eminences, and 
deep red color. They are narrow at their at- 
tachment to the tongue but broad and round 
at their free extremities; they are covered 
with secondary papillae. 

FILIFORM PAPILLAE. ‘The filiform papillae 
(conical papillae) (Fig. 16-36) cover the ante- 
rior two-thirds of the dorsum. They are min- 
ute, filiform, and arranged in lines parallel 
with the two rows of the vallate papillae, 
except at the apex of the tongue, where their 
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Fic. 16-35. Section of posterior part of dorsum of tongue showing circumvallate papillae and lingual tonsil. (Re- 


drawn from Braus.) 
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FiG. 16-36. Section of anterior part of dorsum of tongue showing fungiform and filiform papillae. (Redrawn from 


Braus.) 


direction is transverse. Projecting from their 
apices are numerous filamentous processes, 
or secondary papillae; these have a whitish 
tint owing to the thickness and density of the 
epithelium of which they are composed. 
This epithelium has undergone a peculiar 
modification: the cells are cornified and 
elongated into dense, imbricated, brushlike 
processes. The papillae also contain elastic 
fibers, which render them firmer and more 
elastic than the papillae of mucous mem- 
brane generally. The larger and longer papil- 
lae of this group are sometimes called coni- 
cal papillae. 

PAPILLAE SIMPLICES. The papillae simplices 
are similar to those of the skin and cover the 
entire mucous membrane of the tongue, as 
well as the larger papillae. They consist of 
closely set microscopic projections into the 
layer of epithelium, each containing a capil- 
lary loop. 


MUSCLES 


The tongue is divided into lateral halves 
by a median fibrous septum, which extends 
throughout its entire length and is fixed in- 
feriorly to the hyoid bone. In either half 
there are two sets of muscles, extrinsic and 
intrinsie; the former have their origins out- 
side the tongue, the latter are contained en- 
tirely within it. 


Extrinsic Muscles 
The extrinsic muscles (Fig. 16-37) are: 


Genioglossus 
Hyoglossus 
Chondroglossus 
Styloglossus 
Palatoglossus 


GENIOGLOSSUS. The genioglossus (genio- 
hyoglossus) 1s a flat, fan-shaped musele close 
to and parallel with the median plane. It 
arises by a short tendon from the superior 
mental spine on the inner surface of the 
symphysis menti. immediately above the 
geniohyoideus muscle. The inferior fibers 
extend downward, and are attached by a 
thin aponeurosis to the upper part of the 
body of the hyoid bone; a few fibers pass 
between the hyoglossus and chondroglossus 
to blend with the middle constrictor of the 
pharynx. The middle fibers pass posteriorly, 
and the superior ones upward, to enter the 
whole length of the undersurface of the 
tongue, from the root to the apex. The mus- 
cles of the two sides are separated at their 
insertions by the median fibrous septum of 
the tongue; anteriorly, they are more or less 
blended, the fasciculi decussating in the 
median plane. 

HYOGLOSSUS. The hyoglossus arises from 
the side of the body and from the whole 
length of the greater horn of the hyoid 
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Infertor longitudinal muscle 
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Fic. 16-37. The extrinsic muscles of the tongue as viewed from the left lateral aspect. 


bone, and passes almost vertically upward 
to enter the side of the tongue, between the 
styloglossus and the inferior longitudinal 
muscle. The fibers arising from the body of 
the hyoid bone overlap those from the 
greater horn. 

CHONDROGLOSSUS. The chondroglossus is 
sometimes described as a part of the hyo- 
glossus, but is separated from it by fibers of 
the genioglossus, which pass to the side of 
the pharynx. It is about 2 cm long, and arises 
from the medial side and base of the lesser 
horn and contiguous portion of the body of 
the hyoid bone, and passes directly upward 
to blend with the intrinsic muscular fibers of 
the tongue, between the hyoglossus and ge- 
nioglossus. 

A small slip of muscular fibers is occasion- 
ally found arising from the cartilago triticea 
in the lateral thyrohyoid ligament and enter- 


ing the tongue with the most posterior fibers 
of the hyoglossus. 

STYLOGLOSSUS. Thestyloglossus, the short- 
est and smallest of the three styloid muscles, 
arises from the anterior and lateral surfaces 
of the styloid process and from the stylo- 
mandibular ligament. Curving down anteri- 
orly between the internal and external 
carotid arteries, it divides upon the side of 
the tongue into two portions: one, longitu- 
dinal, enters the side of the tongue near its 
dorsal surface, blending with the fibers of 
the inferior longitudinal muscle anterior to 
the hyoglossus: the other, oblique, overlaps 
the hyoglossus and decussates with its fi- 
bers. 

PALATOGLOSSUS. The palatoglossus (glos- 
sopalatinus), although one of the muscles 
of the tongue, is more closely associated 
with the soft palate both in situation and 
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Fic. 16-38. Coronal section of tongue, showing intrinsic muscles. (Altered from Krause.) 


function; it has consequently been described 
with the muscles of that structure (page 
1441). 


Intrinsic Muscles 
The intrinsic muscles (Fig. 16-38) are: 


Superior longitudinal 
Inferior longitudinal 
Transverse 

Vertical 


SUPERIOR LONGITUDINAL MUSCLE OF THE 
TonGuE. The superior longitudinal muscle 
is a thin stratum of oblique and longitudinal 
fibers immediately underlying the mucous 
membrane on the dorsum of the tongue. It 
arises from the submucous fibrous layer 
close to the epiglottis and from the median 
fibrous septum, and runs anteriorly to the 
edges of the tongue. 

INFERIOR LONGITUDINAL MUSCLE OF THE 
TONGUE. The inferior longitudinal muscle is 
a narrow band situated on the inferior sur- 
face of the tongue between the genioglossus 
and the hyoglossus. It extends from the root 
to the apex of the tongue; some of its fibers 
are connected with the body of the hyoid 
bone, others blend with the fibers of the 
styloglossus. 

TRANSVERSE MUSCLE. The transverse mus- 
cle consists of fibers that arise from the me- 
dian fibrous septum and pass lateralward to 
be inserted into the submucous fibrous tis- 
sue at the sides of the tongue. 


VERTICAL muSCLE. The vertical muscle 
is found only at the borders of the anterior 
part of the tongue; its fibers extend from the 
upper- to the undersurface. 


NERVES. The muscles of the tongue are supplied 
by the hypoglossal nerve. 

ACTIONS. The movements of the tongue, al- 
though numerous and complicated, may be under- 
stood by carefully considering the direction of its 
muscle fibers. The genioglossi, by means of their 
posterior fibers, draw the root of the tongue anteri- 
orly and protrude the apex from the mouth. The an- 
terior fibers draw the tongue back into the mouth. 
The two parts acting in their entirety draw the 
tongue downward, making its superior surface con- 
cave from side to side, and forming a channel along 
which fluids may pass toward the pharynx, as in 
sucking. The hyoglossi depress the tongue and 
draw down tts sides. The styloglossi draw the tongue 
upward and backward. The palatoglossi draw the 
root of the tongue upward. 

The intrinsic muscles are mainly concerned with 
altering the shape of the tongue whereby it becomes 
shortened, narrowed, or curved in different direc- 
tions; thus, the superior and inferior longitudi- 
nal muscles tend to shorten the tongue, but the for- 
mer, in addition, turns the tip and sides upward to 
render the dorsum concave, while the latter pulls 
the tip downward and renders the dorsum convex. 
The transverse muscle narrows and elongates the 
tongue, and the vertical muscle flattens and broad- 
ens It. The complex arrangement of the muscular 
fibers of the tongue and the various directions in 
which they run give this organ the power to assume 
the forms necessary for the enunciation of different 
consonantal sounds. 


STRUCTURE OF THE TONGUE 


The tongue is invested by mucous mem- 
brane and a submucous fibrous layer. 

MUCOUS MEMBRANE. The mucous mem- 
brane covering the inferior surface of the 
tongue is thin, smooth, and identical in struc- 
ture with that lining the rest of the oral cav- 
ity. The mucous membrane of the dorsum of 
the tongue posterior to the foramen cecum 
and sulcus terminalis is thick and freely 
movable over the subjacent parts. It contains 
a large number of lymphoid follicles, which 
together constitute the lingual tonsil (Fig. 
16-35). Each follicle forms a round emi- 
nence, the center of which is perforated by a 
minute orifice leading into a funnel-shaped 
Cavity or recess; around this recess are 
grouped numerous oval or round nodules 
of lymphoid tissue, each enveloped by a cap- 
sule derived from the submucosa, and open- 
ing into the bottom of the recesses are the 
ducts of mucous glands. The mucous mem- 
brane on the anterior part of the dorsum of 
the tongue is thin, intimately adherent to the 
muscular tissue, and presents numerous 
minute surface eminences, the papillae of 
the tongue. It consists of a layer of connec- 
tive tissue, the corium, covered with epithe- 
lium (Figs. 16-35; 16-36). 

The epithelium is stratified squamous, 
similar to that of the skin, and each papilla 
has a separate investment from root to sum- 
mit. The deepest cells may sometimes be 
detached as a separate layer, corresponding 
to the rete mucosum, but they never contain 
pigment. 

corium. The corium consists of a dense 
feltwork of fibrous connective tissue, with 
numerous elastic fibers, firmly connected 
with the fibrous tissue forming the septa be- 
tween the muscular bundles of the tongue. It 
contains the ramifications of the numerous 
vessels and nerves from which the papillae 
are supplied, large plexuses of lymphatic 
vessels, and the glands of the tongue. 

PAPILLAE. The papillae appear to resemble 
in structure those of the cutis, consisting of 
cone-shaped projections of connective tis- 
sue, covered with a thick layer of stratified 
squamous epithelium, and containing one or 
more capillary loops, among which nerves 
are distributed in great abundance. If the 
epithelium is removed, however, one sees 
that they are not simple elevations like the 
papillae of the skin, for the surface of each is 
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studded with minute conical processes that 
form secondary papillae. In the vallate pa- 
pillae, the nerves are numerous and large. 
They are also numerous in the fungiform 
papillae and end in a plexiform network 
from which brushlike branches proceed: 
their mode of termination is similar in the 
filiform papillae. 

GLANDS OF THE TONGUE. 
mucous and serous glands. 

The mucous glands are similar in struc- 
ture to the labial and buccal glands. They 
are found especially at the back part behind 
the vallate papillae, but are also present at 
the apex and marginal parts. In this connec- 
tion the anterior lingual glands require spe- 
cial notice. They are situated on the under- 
surface of the apex of the tongue (Fig. 16-39), 
one on either side of the frenulum, where 
they are covered by a fasciculus of muscular 
fibers derived from the styloglossus and in- 
ferior longitudinal muscle. They are 12 to 
25 mm long and about 8 mm broad, and each 
opens by three or four ducts on the under- 
surface of the apex. 

The serous glands (v. Ebner’s glands‘) 
occur only at the back of the tongue in the 
neighborhood of the taste buds, their ducts 
opening for the most part into the fossae of 
the vallate papillae. These glands are race- 
mose, the duct of each branching into sev- 
eral minute ducts, which end in alveoli lined 
by a single layer of more or less columnar 
epithelium. Their secretion is watery and 
probably assists in distributing the sub- 
stance to be tasted over the taste area. 

SEPTUM. The septum consists of a vertical 
layer of fibrous tissue that extends through- 
out the entire length of the median plane of 
the tongue, though it does not quite reach 
the dorsum. It is thicker behind than in front 
and occasionally contains a small fibrocarti- 
lage, about 6 mm long. It is well displayed by 
making a vertical section across the organ. 

HYOGLOSSAL MEMBRANE. The hyoglossal 
membrane is a strong fibrous lamina that 
connects the undersurface of the root of the 
tongue to the body of the hyoid bone. This 
membrane receives some of the fibers of the 
genioglossi anteriorly. 

TASTE BUDS. ‘Taste buds, the end-organs of 
the gustatory sense, are scattered over the 
mucous membrane of the mouth and tongue 


The tongue has 


‘Victor Ebner von Rofenstein (1842-1925): An Austrian 
histologist (Vienna). 
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FiG. 16-39. The inferior surface of the tongue, with the right side dissected to show the blood vessels, nerve and 


salivary gland. (Eycleshymer and Jones.) 


at irregular intervals. They occur especially 
in the sides of the vallate papillae. They are 
described in Chapter 13 under the Organs of 
the Senses. 


VESSELS AND NERVES. The main artery of the 
tongue ts the lingual branch of the external carotid 
artery but the facial and ascending pharyngeal ar- 
teries also give branches to it. The veins open into 
the internal jugular vein. 

The lymphatics of the tongue have been de- 
scribed on page 882. 

The sensory nerves of the tongue are: (1) the 
lingual branch of the mandibular nerve, which is dis- 
tributed to the papillae at the anterior part and sides 
of the tongue, and forms the nerve of ordinary sensi- 
bility for its anterior two-thirds; (2) the chorda tym- 
pani branch of the facial nerve, which runs in the 
sheath of the lingual nerve and is generally regarded 
as the nerve of taste for the anterior two-thirds; this 
nerve is a continuation of the sensory root of the 
facial nerve (nervus intermedius); (3) the lingual 
branch of the glossopharyngeal nerve, which is dis- 
tributed to the mucous membrane at the base and 
sides of the tongue and to the vallate papillae, and 


which supplies both gustatory filaments and fibers of 
general sensation to this region; (4) the superior la- 
ryngeal nerve, which sends some fine branches to 
the root near the epiglottis. 


Salivary Glands 


Three pairs of large salivary glands pour 
their secretion into the mouth; they are the 
parotid, submandibular, and sublingual (Fig. 
16-40). 


PAROTID GLAND 


The parotid gland, the largest of the three. 
varies in weight from 14 to 28gm. It lies 
upon the side of the face, immediately below 
and in front of the external ear. The main 
portion of the gland is superficial, somewhat 
flat and quadrilateral, and is placed between 
the ramus of the mandible, the mastoid proe- 
ess, and the sternocleidmastoid muscle. Su- 


periorly, it is broad and reaches nearly to 
the zygomatic arch; inferiorly, it tapers 
somewhat to about the level of a line joining 
the tip of the mastoid process to the angle of 
the mandible. The remainder of the gland 
is irregularly wedge-shaped, and extends 
deeply inward toward the pharyngeal wall. 

The gland is enclosed within a capsule 
that is continuous with the deep cervical fas- 
cia; the layer covering the superficial surface 
is dense and closely adherent to the gland. A 
portion of the fascia that is attached to the 
styloid process and the angle of the mandi- 
ble is thickened to form the stylomandibular 
ligament, which intervenes between the pa- 
rotid and submandibular glands. 

surFAces. The anterior surface of the 
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gland is molded on the posterior border of 
the ramus of the mandible, clothed by the 
medial pterygoid and masseter muscles. The 
inner lip of the groove dips, for a short dis- 
tance, between the two pterygoid muscles, 
while the outer lip extends for some distance 
over the superficial surface of the masseter; 
a small portion of this lip immediately 
below the zygomatic arch is usually de- 
tached, and is named the accessory part of 
the gland. 

The posterior surface is grooved longitu- 
dinally and abuts against the external acous- 
tic meatus, the mastoid process, and the an- 
terior border of the sternocleidomastoid 
muscle. 

The superficial surface, slightly lobulated, 
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Fic. 16-40. The salivary glands in a dissection of the right side of the face. (Eycleshymer and Jones.) 
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is covered by the integument, the superficial 
fascia containing the facial branches of the 
great auricular nerve and some small lymph 
glands, and the connective tissue that forms 
the capsule of the gland. 

The deep surface extends inward by 
means of two processes, one of which lies on 
the digastric muscle, the styloid process, and 
the styloid group of muscles, and projects 
under the mastoid process and the sterno- 
cleidomastoid muscle. The other process is 
situated anterior to the styloid process and 
sometimes passes into the posterior part of 
the mandibular fossa behind the temporo- 
mandibular joint. The deep surface is in con- 
tact with the internal and external carotid 
arteries, the internal jugular vein, and the 
vagus and glossopharyngeal nerves. 

The gland is separated from the pharyn- 
geal wall by some loose connective tissue. 

STRUCTURES WITHIN THE GLAND. The exter- 
nal carotid artery lies at first on the deep 
surface and then in the substance of the 
gland. The artery gives off its posterior au- 
ricular branch, which emerges from the 
gland posteriorly. It then divides into its ter- 
minal branches, the maxillary and superfi- 
cial temporal; the former runs anteriorly 
deep to the neck of the mandible; the latter 
runs upward across the zygomatic arch and 
gives off its transverse facial branch, which 
emerges from the anterior part of the gland. 
Superficial to the arteries are the superficial 
temporal and maxillary veins, which unite 
to form the retromandibular vein. A large 
anastomosing vein emerges from the gland 
and unites with the facial vein to form the 
common facial vein; the remainder of the 
vein unites in the gland with the posterior 
auricular vein to form the external jugular 
vein. On a still more superficial plane is the 
facial nerve, the branches of which emerge 
from the borders of the gland. Branches of 
the great auricular nerve pierce the gland to 
join the facial nerve, while the auriculotem- 
poral nerve issues from the upper part of the 
gland. 

Parotid Duct. The parotid duct (Stensen’s 
duct') is about 7 cm long. It begins at the 
anterior part of the gland, crosses the mas- 
seter muscle and at the anterior border of 
this muscle turns medially, nearly at a right 
angle, where it passes through the corpus 


'Niels Stensen (1638-1686): A Danish physician, anato- 
mist, and physiologist (Copenhagen and Florence). 


adiposum of the cheek and pierces the buc- 
cinator muscle. It runs for a short distance 
obliquely forward between the buccinator 
muscle and mucous membrane of the 
mouth, and then opens upon the oral surface 
of the cheek by a small orifice opposite the 
second upper molar tooth. While crossing 
the masseter muscle, it receives the duct of 
the accessory gland. In this position it lies 
between the branches of the facial nerve; the 
accessory part of the gland and the trans- 
verse facial artery are superior to it. 

The parotid duct has a wall of considera- 
ble thickness; its canal is about 3 to 4mm in 
diameter, but at its orifice on the oral surface 
of the cheek its lumen is greatly reduced in 
size. It consists of a thick external fibrous 
coat that contains contractile fibers and an 
internal or mucous coat lined with low co- 
lumnar epithelium. 


VESSELS AND NERVES. The arteries supplying the 
parotid gland are derived from the external carotid 
artery and from the branches given off by that vessel 
in or near its substance. The veins empty them- 
selves in the external jugular vein through some of 
its tributaries. The lymphatics end in the superficial 
and deep cervical lymph nodes, passing in their 
course through two or three nodes placed on the 
surface and in the substance of the parotid. 

The nerves are derived from the plexus of the 
sympathetic nerve on the external carotid artery and 
from the auriculotemporal nerve. The fibers from the 
latter nerve are cranial parasympathetics derived 
from the glossopharyngeal and possibly the facial 
nerve, through the otic ganglion. The sympathetic 
fibers are regarded as chiefly vasoconstrictors; the 
parasympathetic fibers, as secretory. 


SUBMANDIBULAR GLAND 


The submandibular gland (glandula man- 
dibularis; submaxillary gland) (Fig. 16-40) is 
round and about the size of a walnut. Much 
of it is situated in the submandibular tri- 
angle, reaching anteriorly to the anterior 
belly of the digastric muscle and posteriorly 
to the stylomandibular ligament, which in- 
tervenes between it and the parotid gland. It 
extends superiorly under the inferior border 
of the body of the mandible; inferiorly, it 
usually overlaps the intermediate tendon of 
the digastric muscle and the insertion of the 
stylohyoid muscle, and from its deep surface 
a tongue-like deep process extends anteri- 
orly above the mylohyoid muscle. 


suRFACES. The superficial surface of the 
submandibular gland consists of an upper 
and a lower part. The upper part is directed 
superficially; it lies partly against the sub- 
mandibular depression on the inner surface 
of the body of the mandible and partly on 
the medial pterygoid muscle. The lower part 
is covered by the skin, superficial fascia, pla- 
tysma, and deep cervical fascia; it is crossed 
by the facial vein and by filaments of the 
facial nerve. In contact with it, near the man- 
dible, are the submandibular lymph nodes. 

The deep surface is in relation with the 
mylohyoid, hyoglossus, styloglossus, stylo- 
hyoid, and posterior belly of the digastric 
muscles; in contact with it are the mylohyoid 
nerve and the mylohyoid and submental 
vessels. The facial artery is embedded in a 
groove in the posterior border of the gland. 

The deep process of the gland extends 
anteriorly between the mylohyoid laterally 
and the hyoglossus and styloglossus muscles 
medially. Above it are the lingual nerve and 
submandibular ganglion; below it, the hypo- 
glossal nerve and its accompanying vein. 

SUBMANDIBULAR DUCT. The submandibu- 
lar duct (Wharton’s duct!; submaxillary 
duct) is about 5 cm long and its wall is much 
thinner than that of the parotid duct. It be- 
gins by numerous branches from the deep 
surface of the gland, and runs anteriorly be- 
tween the mylohyoid, the hyoglossus, and 
the genioglossus muscles; then between the 
sublingual gland and the genioglossus, and 
opens by a narrow orifice on the summit of 
a small papilla, the caruncula sublingualis, 
at the side of the frenulum (Fig. 16-39). On 
the hyoglossus it lies between the lingual 
and hypoglossal nerves, but at the anterior 
border of the muscle it is crossed laterally 
by the lingual nerve; the terminal branches 
of the lingual nerve ascend on its medial 
side. 


VESSELS AND NERVES. The arteries supplying the 
submandibular gland are branches of the facial and 
lingual arteries. Its veins follow the course of the 
arteries. The secretomotor nerves are from cranial 
parasympathetic fibers of the facial nerve, which 
pass by way of the chorda tympani and submandib- 
ular ganglion; the sympathetic (vasomotor) fibers 
come from the superior cervical ganglion by way of 
plexuses on the external carotid and facial arteries. 


1Thomas Wharton (1616-1673): An English physician 
and anatomist (London). 
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SUBLINGUAL GLAND 


The sublingual gland (Fig. 16-40) is the 
smallest of the three glands. It is situated 
beneath the mucous membrane of the floor 
of the mouth, at the side of the frenulum 
linguae, in contact with the sublingual de- 
pression on the inner surface of the mandi- 
ble, close to the symphysis. It is narrow, flat, 
shaped somewhat like an almond, and 
weighs nearly 2 gm. It is in relation, superi- 
orly, with the mucous membrane; inferiorly, 
with the mylohyoid muscle; posteriorly, with 
the deep part of the submandibular gland; 
laterally, with the mandible; and medially, 
with the genioglossus muscle, from which it 
is separated by the lingual nerve and the 
submandibular duct. 

It has 8 to 20 excretory ducts. One or more 
join to form the larger sublingual duct (duct 
of Bartholin*), which opens into the sub- 
mandibular duct. Of the small sublingual 
ducts (ducts of Rivinus*), some join the sub- 
mandibular duct; others open separately 
into the mouth on the elevated crest of mu- 
cous membrane (plica sublingualis), caused 
by the projection of the gland, on either side 
of the frenulum linguae. 


VESSELS AND NERVES. The sublingual gland is 
supplied with blood from the sublingual and sub- 
mental arteries. Its nerves are derived in a manner 
similar to those of the submandibular gland. 


STRUCTURE OF THE SALIVARY GLANDS 


The salivary glands are compound race- 
mose glands consisting of numerous lobes, 
which are made up of smaller lobules con- 
nected by dense areolar tissue, vessels, and 
ducts. Each lobule consists of the ramifica- 
tions of a single duct; the branches terminate 
in dilated ends or alveoli, on which the cap- 
illaries are distributed. The alveoli are en- 
closed by a basement membrane, which is 
continuous with the membrana propria of 
the duct and consists of a network of 
branched and flattened nucleated cells. 

The alveoli of the salivary glands are of 
two kinds, which differ in the appearance of 


2Caspar Thoméson Bartholin, II (1655-1738): A Danish 
professor of medicine, anatomy, and physics (Copenha- 
gen). 

3Augustus Quirinus Rivinus (1652-1723): A German 
anatomist and botanist (Leipzig). 
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their secreting cells, in their size, and in the 
nature of their secretion: (1) the mucous va- 
riety secretes a viscid fluid that contains 
mucin; (2) the serous variety secretes a thin- 
ner and more watery fluid. The sublingual 
gland consists of mucous alveoli; the pa- 
rotid, of serous alveoli. The submandibular 
contains both mucous and serous alveoli; the 
latter. however. are preponderant. 

The cells in the mucous alveoli are cuboi- 
dal. In the fresh condition they contain large 
granules of mucinogen. In hardened prepa- 
rations, a delicate protoplasmic network is 
seen, and the cells are clear and transparent. 
The flat nucleus is usually situated near the 
basement membrane. 

Some alveoli have peculiar crescentic 
bodies lying between the cells and the 
membrana propria. They are termed the 
crescents of Gianuzzi,! or the demilunes of 
Heidenhain” (Fig. 16-41), and are composed 
of polyhedral granular cells. Fine canaliculi 
pass between the mucus-secreting Cells to 
reach the demilunes. 

In the serous alveoli, the cells almost com- 
pletely fill the cavity, so that the lumen is 


‘Giuseppe Giannuzzi (1839-1876): An Italian physiolo- 
gist and anatomist (Siena). 

*Rudolf Peter Heidenhain (1834-1897): A German physi- 
ologist (Breslau). 





Fic. 16-41. Section of the human sublingual gland. 
b.m., Basement membrane: b.v., blood vessel: c.t., connec- 
live tissue stroma; Ju., lumen; m.a., mucous alveolus: 
m.c., mucus-secreting cells: s.a., serous alveolus: s.c., se- 
rous crescent (crescent of Gianuzzi or demilune of Hei- 
denhain). 250 x. (Sobotta.) 


hardly perceptible; they contain secretory 
eranules embedded in a closely reticulated 
protoplasm (Fig. 16-41). The cells are more 
cubical than those of the mucous type; the 
nucleus of each is spherical and placed near 
the center of the cell, and the granules are 
smaller. 

The appearance of both mucous and se- 
rous cells varies according to whether the 
gland is in a resting condition or has recently 
been active. In the former case the cells are 
large and contain many secretory granules; 
in the latter case they are shrunken and con- 
tain few granules, which are chiefly col- 
lected at the inner ends of the cells. 

The ducts are lined at their origins by epi- 
thelium that differs little from the pavement 
form. As the ducts enlarge, the epithelial 
cells change to the columnar type, and the 
part of the cell next to the basement mem- 
brane is finely striated. 

The lobules of the salivary glands are 
richly supplied with blood vessels, which 
form a dense network in the interalveolar 
spaces. Fine plexuses of nerves are also 
found in the interlobular tissue. The nerve 
fibrils pierce the basement membrane of the 
alveoli and end in branched varicose fila- 
ments between the secreting cells. In the 
hilum of the submandibular gland is a col- 
lection of nerve cells termed Langley’s gan- 
glion.° 


ACCESSORY GLANDS 


Besides the salivary glands proper, numer- 
ous other glands are found in the mouth. Many 
of these glands are found at the posterior 
part of the dorsum of the tongue behind the 
vallate papillae and also along its margins 
as far forward as the apex. Others lie around 
and in the palatine tonsil between its crypts, 
and large numbers are present in the soft pal- 
ate, the lips, and the cheeks. These glands 
have the same structure as the larger salivary 
glands and are the mucous or mixed type. 


The Fauces 


The aperture by which the mouth commu- 
nicates with the pharynx 1s called the fauces. 
The isthmus faucium (Fig. 16-42) is bounded, 


*John Newport Langley (1852-1925): An English physiol- 
ogist (Cambridge). 
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Fic. 16-42. The mouth cavity. 


superiorly, by the soft palate; inferiorly, by 
the dorsum of the tongue; and on either side, 
by the palatoglossal arch. 


PALATOGLOSSAL ARCH 


The palatoglossal arch (arcus glossopalati- 
nus; anterior pillar of fauces) curves down- 
ward from the soft palate near the uvula to 
the side of the base of the tongue, and is 
formed by the projection of the palatoglos- 
sus muscle with its covering mucous mem- 
brane. 


PALATOPHARYNGEAL ARCH 


The palatopharyngeal arch (arcus pharyn- 
gopalatinus; posterior pillar of fauces) 
blends with the free border of the soft palate 


The cheeks have been slit transversely and the tongue pulled forward. 


near the uvula and curves downward to the 
side of the pharynx; it is formed by the pro- 
jection of the palatopharyngeus muscle and 
covered by mucous membrane. The two 
arches diverge inferiorly to form a triangular 
interval, in which the palatine tonsil is 
lodged. 


PALATINE TONSIL 


The palatine tonsil (tonsil) (Figs. 16-42; 16- 
43) is a prominent mass of lymphatic tissue 
situated at the side of the fauces between the 
palatoglossal and palatopharyngeal arches. 
Each tonsil consists of an aggregation of 
lymphatic nodules underlying the mucous 
membrane between the arches. The lym- 
phatic tissue does not completely fill the in- 
terval between the two arches, however; a 
small depression, the supratonsillar fossa, 
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Fic 16-43. The nasopharynx and oropharynx in midsagittal section, also showing the entire dorsum of the tongue 


and the right palatine tonsil. (Redrawn after Sobotta.) 


occupies the upper part of the interval. The 
tonsil extends for a variable distance deep to 
the palatoglossal arch. The covering fold of 
mucous membrane reaches across the supra- 
tonsillar fossa between the two arches; this 
is sometimes termed the plica semilunaris. 
The remainder of the fold is called the plica 
triangularis. Between the plica triangularis 
and the surface of the tonsil is a space 
known as the tonsillar sinus, which may be 
obliterated by its walls becoming adherent. 
A large portion of the tonsil is below the 
level of the surrounding mucous membrane, 
l.e., is embedded, while the remainder proj- 
ects as the visible tonsil (Fig. 16-43, A). In the 
child the tonsils are relatively (and fre- 
quently absolutely) larger than in the adult, 
and about one-third of the tonsil is embed- 
ded. After puberty, the embedded portion 
diminishes considerably in size and the ton- 
sil assumes a disc-like form. The shape and 
size of the tonsil vary considerably in differ- 
ent individuals. 

SURFACES. The medial surface of the tonsil 
is free except anteriorly, where it is covered 
by the plica triangularis; it has 12 to 15 ori- 
fices (fossulae tonsillares) leading into crypts 


(cryptae tonsillares), which may branch and 
extend deeply into the tonsillar substance. 
The lateral or deep surface adheres to a 
fibrous capsule which continues into the 
plica triangularis. It is separated from the 
inner surface of the superior pharyngeal 
constrictor usually by some loose connective 
tissue; this muscle intervenes between the 
tonsil and the facial artery with its tonsillar 
and ascending palatine branches. The inter- 
nal carotid artery lies posterior and lateral to 
the tonsil at a distance of 20 to 25 mm. 
WALDEYER’S RING. The palatine tonsils 
form part of a circular band of lymphatic tis- 
sue (Waldeyer’s ring!), which guards the 
opening into the digestive and respiratory 
tubes (Fig. 16-43). The anterior part of the 
ring is formed by the submucous lymphatic 
collections (lingual tonsil) on the posterior 
part of the tongue; the lateral portions con- 
sist of the palatine tonsils and tubal tonsils 
at the openings of the auditory tubes. The 
ring is completed posteriorly by the pharyn- 
geal tonsil on the posterior wall of the phar- 


‘Heinrich Wilhelm Gottfried Waldeyer (1836-1921): A 
German professor of pathologic anatomy (Berlin). 


ynx. In the intervals between these main 
masses are smaller collections of lymphoid 
tissue. 

STRUCTURE OF THE PALATINE TONSIL (Fig. 
16-44). Stratified squamous epithelium, like 
that of the palate and oral pharynx, covers 
the free surface of the tonsil and extends 
down into its substance to form the lining of 
the crypts. Each crypt is surrounded by a 
layer of lymphatic tissue containing numer- 
ous scattered lymphatic nodules, whose ger- 
minal centers are especially prominent in 
children and young adults. A thin connec- 
tive tissue capsule, derived from the submu- 
cosa of the pharynx, encloses the whole ton- 
sil and sends delicate septa between the 
lymphatic tissue layers surrounding the 
crypts. The epithelium of the crypts is so 
invaded by leukocytes in many places that it 
is scarcely distinguishable from the lym- 
phatic tissue. Polymorphonuclear leuko- 
cytes from the blood as well as lymphocytes 
penetrate the epithelium, and when they are 
found as free swimming cells in the saliva, 
they are known as salivary corpuscles. 
Small mucous glands occur in the submu- 
cosa about the tonsil but their ducts, as a 
rule, do not open into the crypts. 


VESSELS AND NERVES. The arteries supplying the 
tonsil are the dorsalis linguae from the lingual artery, 
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the ascending palatine and tonsillar from the facial 
artery, the ascending pharyngeal from the external 
Carotid artery, the descending palatine branch of 
the maxillary artery, and a twig from the small me- 
ningeal artery. 

The veins, which form the tonsillar plexus on the 
lateral side of the tonsil, drain into the pterygoid 
plexus or the facial vein. 

The lymphatic vessels, beginning in the dense 
network of capillaries surrounding the lymphatic tis- 
sue, penetrate the pharyngeal wall and pass to the 
deep cervical nodes. The largest of these nodes, 
lying beside the posterior belly of the digastric mus- 
cle, is especially associated with the tonsil and is 
easily palpated when the latter is inflamed. 

The nerves are derived from the middle and pos- 
terior palatine branches of the maxillary nerve and 
from the glossopharyngeal nerve. 


PALATINE APONEUROS!S. Attached to the 
posterior border of the hard palate is a thin, 
firm, fibrous lamella that supports the mus- 
cles and gives strength to the soft palate. Lat- 
erally it is continuous with the pharyngeal 
aponeurosis. 


MUSCLES OF THE PALATE 


The muscles of the palate (Fig. 16-45) are: 


Levator veli palatini 
Tensor veli palatini 





Fic. 16-44. Section through one of the crypts of the tonsil. (Stohr.) Magnified. e, Stratified epithelium of general 
surface, continued into crypt. f, Nodules of lymphoid tissue—opposite each nodule, numbers of lymph cells are 
passing into or through the epithelium. s, Cells that have escaped to mix with the saliva as salivary corpuscles. 
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Musculus uvulae 
Palatoglossus 
Palatopharyngeus 


LEVATOR VELt PAtaTINI. The levator veli 
palatini (levator palati) is situated lateral 
to the choanae and deep to the torus tu- 
barius. It arises from the inferior surface of 
the apex of the petrous part of the temporal 
bone and from the medial lamina of the car- 
tilage of the auditory tube. After passing 
above the superior concave margin of the 
superior constrictor, it spreads out in the 
palatine velum, its fibers extending ob- 
liquely downward and medialward to the 
midline, where they blend with those of the 
opposite side. 

TENSOR VELIt PALATINI. The tensor veli 
palatini (tensor palati) is a thin, ribbon-like 
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muscle placed lateral and anterior to the le- 
vator. It arises by a flat lamella from the 
scaphoid fossa at the base of the medial pter- 
ygoid plate, from the spine of the sphenoid, 
and from the lateral wall of the cartilage of 
the auditory tube. Descending vertically be- 
tween the medial pterygoid plate and the 
medial pterygoid muscle, it ends in a tendon 
that winds around the pterygoid hamulus, 
being retained in this situation by some of 
the fibers of origin of the medial pterygoid. 
Between the tendon and the hamulus is a 
small bursa. The tendon then passes medial- 
ward and is inserted into the palatine apo- 
neurosis and into the surface behind the 
transverse ridge on the horizontal part of the 
palatine bone. 

MUSCULUS UVULAE. The musculus uvulae 
(azygos uvulae) arises from the posterior 
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Fic. 16-45. Dissection of the muscles of the palate, posterior aspect. 


nasal spine of the palatine bones and from 
the palatine aponeurosis. It descends to be 
inserted into the uvula. 

PALATOGLOSSUS. The palatoglossus (glos- 
sopalatinus) is a small fleshy fasciculus, nar- 
rower in the middle than at either end, 
which forms, with the mucous membrane 
covering its surface, the palatoglossal arch. 
It arises from the anterior surface of the soft 
palate, where it is continuous with the mus- 
cle of the opposite side. Passing down ante- 
rior to the palatine tonsil, it is inserted into 
the side of the tongue, some of its fibers 
spreading over the dorsum and others pass- 
ing deeply to intermingle with the trans- 
verse muscle of the tongue. 

PALATOPHARYNGEUS. The palatopharyn- 
geus (pharyngopalatinus) is a long, fleshy 
fasciculus narrower in the middle than at 
either end. With the mucous membrane cov- 
ering its surface, it forms the palatopharyn- 
geal arch. It is separated from the palatoglos- 
sus muscle by a triangular interval, in which 
the palatine tonsil is lodged. It arises from 
the soft palate, where it is divided into two 
fasciculi by the levator veli palatini and the 
musculus uvulae. 

The posterior fasciculus lies in contact 
with the mucous membrane and joins with 
that of the opposite muscle in the midline; 
the anterior fasciculus, the thicker, lies in 
the soft palate between the levator and the 
tensor palatini and joins in the midline the 
corresponding part of the opposite muscle. 
Passing down posterior to -the palatine ton- 
sil, the palatopharyngeus joins the stylopha- 
ryngeus, and is inserted with that muscle 
into the posterior border of the thyroid carti- 
lage. Some of its fibers are lost on the side of 
the pharynx and others pass across the mid- 
line posteriorly to decussate with the muscle 
of the opposite side. 


NERVES. The tensor veli palatini is supplied by a 
branch of the fifth cranial nerve. The remaining mus- 
cles of this group are supplied by the bulbar portion 
of the accessory nerve through the pharyngeal 
plexus (pharyngeal branch of the vagus nerve). 


DEGLUTITION. During the first stage of degluti- 
tion, the bolus of food is driven back into the fauces 
by the pressure of the tongue against the hard pal- 
ate, the base of the tongue being, at the same time, 
retracted and the larynx raised with the pharynx. 
During the second stage, the entrance to the larynx 
is closed by drawing the arytenoid cartilages forward 
toward the cushion of the epiglottis—-a movement 
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produced by the contraction of the thyroarytenoid, 
the arytenoid, and the aryepiglotticus. 

After leaving the tongue, the bolus passes on to 
the posterior or laryngeal surface of the epiglottis 
and glides along this for a distance; then the palato- 
glossi, the constrictors of the fauces, contract be- 
hind it. The soft palate is raised slightly by the leva- 
tor veli palatini and made tense by the tensor veli 
palatini, and the palatopharyngei, by their contrac- 
tion, pull the pharynx upward over the bolus and 
nearly come together; the uvula fills the slight inter- 
val between them. By these means the food is pre- 
vented from passing into the nasal part of the phar- 
ynx. At the same time, the palatopharyngei form an 
inclined plane directed obliquely downward and 
backward; along the undersurface of this plane, the 
bolus descends into the lower part of the pharynx. 
The salpingopharyngei raise the upper and lateral 
parts of the pharynx—1.e., those parts above the 
points where the stylopharyngei are attached to the 
pharynx. 


STRUCTURE OF THE SOFT PALATE 


MUCOUS MEMBRANE. The mucous mem- 
brane of the soft palate is thin and covered 
with stratified squamous epithelium on both 
surfaces, except near the pharyngeal ostium 
of the auditory tube, where it is columnar 
and ciliated. The mucous membrane on the 
nasal surface of the soft palate in the fetus is 
covered throughout by columnar ciliated 
epithelium, which subsequently becomes 
squamous except at its free margin. Beneath 
the mucous membrane on the oral surface of 
the soft palate is a considerable amount of 
lymphoid tissue. The palatine glands form a 
continuous layer on its posterior surface and 
around the uvula. 


VESSELS AND NERVES. The arteries supplying the 
soft palate are the descending palatine branch of the 
maxillary artery, the ascending palatine branch of 
the facial artery, and the palatine branch of the as- 
cending pharyngeal artery. The veins end chiefly in 
the pterygoid and tonsillar plexuses. The lymphatic 
vessels pass to the deep cervical nodes. 

The sensory nerves are derived from the palatine, 
nasopalatine, and glossopharyngeal nerves. 


The Pharynx 


The pharynx is that part of the digestive 
tube placed posterior or dorsal to the nasal 
cavities, mouth, and larynx. It is a musculo- 
membranous tube that extends from the in- 
ferior surface of the skull to the level of the 
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cricoid cartilage ventrally and that of the 
sixth cervical vertebra dorsally. 

The cavity of the pharynx (Fig. 16-43) is 
about 12.5 cm long and is broader in the 
transverse than in the anteroposterior diam- 
eter. Its greatest breadth is immediately 
below the base of the skull, where it projects 
on either side, behind the pharyngeal ostium 
of the auditory tube, as the pharyngeal re- 
cess (fossa of Rosenmuller'); its narrowest 
point is at its termination in the esophagus. It 
is limited, superiorly, by the body of the 
sphenoid and basilar part of the occipital 
bone; inferiorly, it is continuous with the 
esophagus. Posteriorly, it is separated by a 
fascial cleft from the cervical portion of the 
vertebral column, and the prevertebral fas- 
cla covering the longus colli and longus 
capitis muscles. Anteriorly, it is incomplete 
and is attached in succession to the medial 
pterygoid plate, pterygomandibular raphe, 
mandible, tongue, hyoid bone, and thyroid 
and cricoid cartilages. Laterally, it is con- 
nected to the styloid processes and their 
muscles, and is in contact with the common 
and internal carotid arteries, the internal 
jugular veins, the glossopharyngeal, vagus, 
and hypoglossal nerves, the sympathetic 
trunks, and small parts of the medial 
pterygoidei. Seven cavities communicate 
with it: the two nasal cavities, the two tym- 
panic cavities, the mouth, the larynx, and 
the esophagus. The cavity of the pharynx 
may be subdivided into three parts: nasal, 
oral, and laryngeal (Fig. 16-17). 


NASAL PART OF PHARYNX 


The nasal part of the pharynx (nasophar- 
ynx) (Fig. 16-46) lies posterior to the nose 
and above the level of the soft palate: it 
differs from the oral and laryngeal parts 
of the pharynx in that its cavity always 
remains patent. It communicates through the 
choanae with the nasal cavities anteriorly. 
On its lateral wall is the pharyngeal ostium 
of the auditory tube, which is bounded pos- 
teriorly by the torus, a prominence caused 
by the protrusion of the medial end of the 
cartilage of the tube under the mucous mem- 
brane. A vertical fold of mucous membrane, 
the salpingopharyngeal fold, stretches down 


‘Johann Christian Rosenmiiller (1771-1820): A German 
anatomist and surgeon (Leipzig). 


from the torus and contains the salpingo- 
pharyngeus muscle. A second and smaller 
fold, the salpingopalatine fold, stretches 
from the upper part of the torus to the pal- 
ate. Behind the ostium of the auditory tube is 
a deep recess, the pharyngeal recess (fossa of 
Rosenmiuller) (Fig. 16-43). 

On the posterior wall is a prominence pro- 
duced by lymphatic tissue, which is known 
as the pharyngeal tonsil; during childhood 
this tonsil is likely to be hypertrophied into a 
considerable mass, at which time it is called 
adenoids (Fig. 16-43). Above the pharyngeal 
tonsil, in the midline, an irregular flask- 
shaped depression of the mucous membrane 
sometimes extends up as far as the basilar 
process of the occipital bone; this is known 
as the pharyngeal bursa. 


ORAL PART OF PHARYNX 


The oral part of the pharynx reaches from 
the soft palate to the level of the hyoid bone. 
It opens into the mouth anteriorly through 
the isthmus faucium. In its lateral wall, be- 
tween the two palatine arches, is the faucial 
or palatine tonsil. 


LARYNGEAL PART OF PHARYNX 


The laryngeal part of the pharynx reaches 
from the hyoid bone to the lower border of 
the cricoid cartilage, where it is continuous 
with the esophagus. Anteriorly, the entrance 
of the larynx is formed by the epiglottis; lat- 
erally, its boundaries are the aryepiglottic 
folds. On either side of the laryngeal orifice 
is a recess, termed the sinus _ piriformis, 
which is bounded medially by the aryepi- 
glottic fold and laterally by the thyroid 
cartilage and thyrohyoid membrane. 


MUSCLES OF THE PHARYNX 


The muscles of the pharynx (Fig. 16-47) 
are: 


Inferior constrictor 
Middle constrictor 
ouperior constrictor 
Stylopharyngeus 
oalpingopharyngeus 
Palatopharyngeus 


Nasal part of pharynx 
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Fic. 16-46. The pharynx viewed through a median incision of its posterior wall. (Eycleshymer and Jones.) 


v 


INFERIOR CONSTRICTOR. The inferior con- 
strictor (Figs. 16-47; 16-48), the thickest of the 
three constrictors, arises from the sides of 
the cricoid cartilage in the interval between 
the cricothyroid muscle anteriorly and the 
articular facet for the inferior cornu of the 
thyroid cartilage posteriorly. It arises also 
from the oblique line on the side of the lam- 
ina of the thyroid cartilage, from the surface 
dorsal to this nearly as far as the posterior 
border, and from the inferior cornu. From 
these origins the fibers spread dorsalward 
and medialward to be inserted with the mus- 
cle of the opposite side into the fibrous raphe 
in the posterior median line of the pharynx. 
The inferior fibers are horizontal and contin- 
uous with the circular fibers of the esopha- 
gus; the rest ascend, increasing in obliquity, 
and overlap the middle constrictor. 

MIDDLE consTRictToR. The middle con- 
strictor (Figs. 16-47; 16-48) is a fan-shaped 


muscle, smaller than the inferior constrictor. 
It arises from the whole length of the supe- 
rior border of the greater cornu of the hyoid 
bone, from the lesser cornu, and from the 
stylohyoid ligament. The fibers diverge from 
their origin: the lower ones descend beneath 
the inferior constrictor, the middle fibers 
pass transversely, and the upper fibers as- 
cend and overlap the superior constrictor. It 
is inserted into the posterior median fibrous 
raphe, blending in the midline with the mus- 
cle of the opposite side. 

SUPERIOR CONSTRICTOR. The eaetion con- 
strictor (Figs. 16-47; 16-48) is a quadrilateral 
muscle, thinner and paler than the other two 
constrictors. It arises from the inferior third 
of the posterior margin of the medial ptery- 
goid plate and its hamulus, from the pterygo- 
mandibular raphe, from the alveolar process 
of the mandible above the posterior end of 
the mylohyoid line, and by a few fibers from 


1444 HE DIGESTIVE 


SYSTEM 


Maxillary artery 


Lateral pterygoid lamina 


Tensor veli palatini 


Mandibular nerve 


Middle meningeal artery 


Levator veli palatini 


Branch of ascending pharyngeal 
artery 


Pterygoid hamulus 
Stylopharyngeus 


Styloglossus 
Glossopharyngeal nerve 


Branch of facial artery 


Greater cornu of hyoid bone 


Lateral thyrohyoid ligament 


Cartilago truicea 


Internal laryngeal nerve 


Superior laryngeal vessels 


Inferior laryngeal artery 
Recurrent nerve 


Esophagus 


















Parotid duct 


Pterygomandibular raphe 
Inferior alveolar nerve and 
vessels 


Mylohyoideus 


Stylohyoid ligament 
eniohyoideus 


Lesser cornu of hyoid bone 
Body of hyoid bone 


Thyrohyoid membrane 


Middle cricothyroid ligament 





Cricothyroideus 


Fic. 16-47, The buccinator and muscles of the pharynx. 


the side of the tongue. The fibers curve pos- 
teriorly to be inserted into the median raphe; 
they are also prolonged by means of an apo- 
neurosis to the pharyngeal spine on the basi- 
lar part of the occipital bone. The superior 
fibers curve below the levator veli palatini 
and the auditory tube. The interval between 
the upper border of the muscle and the base 
of the skull is closed by the pharyngeal apo- 
neurosis, and is known as the sinus of 
Morgagni.! 


‘Giovanni Battista Morgagni (1682-1771): An Italian 
anatomist and pathologist (Padua). 


STYLOPHARYNGEUS. The stylopharyngeus 
(Fig. 16-37), a long, slender muscle, arises 
from the medial side of the base of the sty- 
loid process, passes downward along the 
side of the pharynx between the superior 
and middle constrictors, and spreads out 
beneath the mucous membrane. Some of its 
fibers are lost in the constrictor muscles 
while others join with the palatopharyngeus 
and are inserted into the posterior border of 
the thyroid cartilage. The glossopharyngeal 
nerve runs on the lateral side of this muscle 
and crosses over it to reach the tongue. 


SALPINGOPHARYNGEUS. ‘The salpingopha- 
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Fic. 16-48. The muscles of the pharynx and the vessels and nerves on its dorsal and lateral aspects; posterior view. 


(Redrawn after Sobotta.) 


ryngeus (Fig. 16-45) arises from the inferior 
part of the auditory tube near its orifice; it 
passes downward and blends with the pos- 
terior fasciculus of the palatopharyngeus 
muscle. 

PALATOPHARYNGEUS. The _ palatopharyn- 


geus is described with the muscles of the 
palate. 


NERVES. The constrictors and the _ salpingo- 
pharyngeus are supplied by branches from the pha- 
ryngeal plexus. The inferior constrictor is supplied 
by additional branches from the external laryngeal 
and recurrent nerves, and the stylopharyngeus is 
supplied by the glossopharyngeal nerve. 

ACTIONS. When deglutition is about to be per- 
formed, the pharynx is drawn upward and dilated in 
different directions to receive the food propelled into 
it from the mouth. The stylopharyngei, which are 
much farther removed from one another at their ori- 


gin than at their insertion, draw the sides of the 
pharynx upward and lateralward and so increase its 
transverse diameter; its breadth in the anteroposte- 
rior direction Is increased by the larynx and tongue 
being carried forward in their ascent. As soon as the 
bolus of food is received in the pharynx, the elevator 
muscles relax, the pharynx descends, and the con- 
strictors contract upon the bolus and convey it 
downward into the esophagus. 


STRUCTURE OF THE PHARYNX 


The pharynx is composed of three coats: 
mucous, fibrous, and muscular. 

The pharyngeal aponeurosis, or fibrous 
coat, is situated between the mucous and 
muscular layers. It is thick superiorly where 
the muscular fibers are wanting, and is 
firmly connected to the basilar portion of the 
occipital and the petrous portions of the 
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temporal bones. As it descends it diminishes 
in thickness and gradually blends with the 
fascia. A strong fibrous band attached to the 
pharyngeal spine on the inferior surface of 
the basilar portion of the occipital bone 
forms the median raphe, which serves as the 
insertion for all three of the pharyngeal con- 
strictor muscles. 

The mucous coat is continuous with that 
lining the nasal cavities, the mouth, the audi- 
tory tubes, and the larynx. In the nasal part 
of the pharynx it is covered by columnar cil- 
lated epithelium; in the oral and laryngeal 
portions, the epithelium is stratified squa- 
mous. Beneath the mucous membrane are 
found racemose mucous glands; they are 
especially numerous at the cranial part of 
the pharynx around the orifices of the audi- 
tory tubes. 

The muscular coat consists of the muscles 
of the pharynx. 


The Esophagus 


The esophagus or gullet (Fig. 16-49) is a 
muscular canal, about 23 to 25 cm long, 
which extends from the pharynx to the 
stomach. It begins in the neck at the inferior 
border of the cricoid cartilage, opposite the 
sixth cervical vertebra, and descends along 
the ventral aspect of the vertebral column. It 
passes through the superior and posterior 
mediastina and the diaphragm, and entering 
the abdomen, ends at the cardiac orifice of 
the stomach, opposite the eleventh thoracic 
vertebra. The general direction of the esoph- 
agus is vertical; but it has two slight curves 
in its course. At its commencement it is 
placed in the middle line; but it inclines to 
the left side as far as the root of the neck, 
gradually passes to the middle line again at 
the level of the fifth thoracic vertebra, and 
finally deviates to the left as it passes ven- 
tralward to the esophageal hiatus in the dia- 
phragm. The esophagus also has anteropos- 
terior flexures corresponding to the 
curvatures of the cervical and thoracic por- 
tions of the vertebral column. It is the nar- 
rowest part of the digestive tube, and is most 
contracted at its commencement and at the 
point where it passes through the dia- 
phragm. 


RELATIONS. Cervical Portion. The cervical por- 
tion of the esophagus is in relation, ventrally, with 
the trachea; and at the lower part of the neck, 


where it projects to the left side, with the thyroid 
gland; dorsally, it rests upon the vertebral column 
and longus colli muscles; on either side it is in rela- 
tion with the common carotid artery (especially the 
left, as it inclines to that side) and parts of the lobes 
of the thyroid gland. The recurrent nerves ascend 
between it and the trachea; to its left side is the tho- 
racic duct. 


Thoracic Portion. The thoracic portion of the 
esophagus is at first situated in the superior medias- 
tinum between the trachea and the vertebral col- 
umn, a little to the left of the midline. It then passes 
dorsal and to the right of the aortic arch and de- 
scends in the posterior mediastinum along the right 
side of the descending aorta. Then it runs ventral 
and a little to the left of the aorta and enters the 
abdomen through the diaphragm at the level of the 
tenth thoracic vertebra. Just before it perforates the 
diaphragm it has a distinct dilatation. It is in relation, 
ventrally, with the trachea, the left bronchus, the 
pericardium, and the diaphragm. Dorsally, it rests 
upon the vertebral column, the longus colli muscles, 
the right aortic intercostal arteries, the thoracic duct, 
and the hemiazygos veins; near the diaphragm, it 
rests upon the ventral surface of the aorta. On its /eft 
side in the superior mediastinum are the terminal 
part of the aortic arch, the left subclavian artery, the 
thoracic duct, and left pleura. Running upward in 
the angle between it and the trachea is the left recur- 
rent nerve; caudally, it is in relation with the de- 
sceiiding thoracic aorta. On its right side are the 
right pleura and the azygos vein, which it overlaps. 
Below the roots of the lungs the vagi descend in 
close contact with the esophagus; the right nerve 
passes downward dorsally and the left nerve is ven- 
tral to it, the two nerves forming a plexus around the 
tube. 

In the caudal part of the posterior mediastinum, 
the thoracic duct lies to the right side of the esopha- 
gus. More cranially, it is placed dorsal to it, and, 
crossing about the level of the fourth thoracic verte- 
bra, is continued upward on its left side. 


Abdominal Portion. The abdominal portion of 
the esophagus lies in the esophageal groove on the 
posterior surface of the left lobe of the liver. It meas- 
ures about 1.25 cm in length, and only its ventral 
and left aspects are covered by peritoneum. It is 
somewhat conical, with its base applied to the upper 
orifice of the stomach, and is known as the cardiac 
antrum. 


STRUCTURE OF THE ESOPHAGUS 


The esophagus has four coats: an external 
or fibrous, a muscular, a submucous or 
areolar, and an internal or mucous coat (Fig. 
16-50). 


r 
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Fic. 16-49. Esophagus during the passage of a barium meal. Note that in the upper part of the esophagus, longitudinal 
folds in the mucous membrane can be identified. The upper arrow points to the shadow of the right bronchus; the 
lower arrow indicates the tenth thoracic vertebra. Note that the lower part of the esophagus inclines forward away 


from the vertebral column. 


MUSCULAR CoAT. The muscular coat is 
composed of two planes of considerable 
thickness: an external plane of longitudinal 
and an internal plane of circular fibers. 

The longitudinal fibers are arranged at the 
commencement of the tube in three fascic- 
uli: one ventral, which is attached to the ver- 
tical ridge on the posterior surface of the 
lamina of the cricoid cartilage by the tendo 
cricoésophageus; and one at either side, 
which is continuous with the muscular fi- 
bers of the pharynx. As they descend, these 
fibers blend together to form a uniform layer 
that covers the outer surface of the tube. 

Accessory slips of muscular fibers pass 
between the esophagus and the left pleura, 


where the latter covers the thoracic aorta, 
the root of the left bronchus, or the back of 
the pericardium. 

The circular fibers are continuous above 
with the inferior constrictor; their direction 
is transverse at the cranial and caudal parts 
of the tube, but oblique in the intermediate 
part. 

The muscular fibers in the cranial part of 
the esophagus are red and consist chiefly of 
striated muscle; the intermediate part is 
mixed; and the lower part, with rare excep- 
tions, contains only smooth muscle. 

AREOLAR coat. The areolar or submucous 
coat loosely connects the mucous and mus- 
cular coats. It contains blood vessels, nerves, 
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Fic. 16-50. Cross section through lower part of esophagus of adult cadaver. 5 x. 


and mucous glands. The esophageal glands 
are small, compound racemose glands of the 
mucous type; they are lodged in the submu- 
cous tissue, and each opens upon the surface 
by a long excretory duct. 

mucous coat. The mucous coat is thick 
and reddish cranially and pale caudally. It is 
disposed in longitudinal folds that disappear 
on distention of the tube. Its surface is cov- 
ered throughout with a thick layer of strati- 
fied squamous epithelium. Beneath the mu- 
cous membrane, between it and the areolar 
coat, is a layer of longitudinally arranged, 
nonstriped muscular fibers: this is the mus- 
cularis mucosae. At the commencement of 
the esophagus it is absent or is represented 
by only a few scattered bundles; more cau- 
dally it forms a large stratum. 


VESSELS AND NERVES. The arteries supplying 
the esophagus are derived from the inferior thyroid 
branch of the thyrocervical trunk, from the descend- 
ing thoracic aorta, from the bronchial arteries, from 
the left gastric branch of the celiac artery, and from 
the left inferior phrenic branch of the abdominal 
aorta. For the most part they have a longitudinal di- 
rection. 

The veins end in the inferior thyroid, azygos, 
hemiazygos, and gastric veins, thereby forming an 
important anastomosis between the portal and sys- 
temic venous systems. 

The nerves are derived from the recurrent vagus, 
which supplies the striated musculature of the 
organ, and from the vagus and sympathetic trunks, 
which supply fibers to the smooth musculature. 
These cranial parasympathetic and sympathetic fi- 
bers form plexuses between the two layers of the 
muscular coat and in the submucosa, as in the stom- 
ach and intestines. 


The Abdomen 


The abdomen contains the largest cavity 
in the body. The cranial boundary is formed 
by the diaphragm, which extends over it as a 


dome, so that the cavity extends high into 
the bony thorax; on the right side it reaches 
the cranial border of the fifth rib in the mam- 
mary line, while on the left side it falls 
below this level by about 2.5 cm. The caudal 
boundary is formed principally by the leva- 
tor ani and coccygeus or diaphragm of the 
pelvis. To facilitate description, the abdo- 
men is artificially divided into two parts: a 
cranial and larger part, the abdomen proper 
and a caudal and smaller part, the pelvis. 
The limit between these parts is marked by 
the superior aperture of the lesser pelvis. 

The abdomen proper differs from the 
other great cavities of the body in being 
bounded for the most part by muscles and 
fasciae, so that it can vary in capacity and 
shape according to the condition of the vis- 
cera that it contains; in addition, the abdo- 
men varies in form and extent with age and 
sex. In the adult male, with moderate disten- 
tion of the viscera, it is oval but flattened 
dorsoventrally. In the adult female with a 
fully developed pelvis, it is ovoid, with the 
narrower pole cranialward: in young chil- 
dren it is also ovoid, but with the narrower 
pole caudalward. 


BOUNDARIES 


The abdomen is bounded ventrally and at 
the sides by the abdominal muscles and the 
iliacus; dorsally by the vertebral column and 
the psoas and quadratus lumborum muscles; 
cranially by the diaphragm; and caudally by 
the plane of the superior aperture of the 
lesser pelvis. The muscles forming the 
boundaries of the cavity are lined upon their 
inner surfaces by transversalis fascia. 

The abdomen contains the greater part of 
the digestive tube, the liver and pancreas, 
the spleen, the kidneys, and the suprarenal 


glands. Most of these structures, as well as 
the wall of the cavity in which they are con- 
tained, are more or less covered by an exten- 
sive and complicated serous membrane, the 
peritoneum. 


APERTURES 


The apertures in the walls of the abdomen 
for the transmission of structures to or from 
it are, cranially, the vena caval opening, the 
aortic hiatus, and the esophageal hiatus. 
Caudally, there are two apertures on either 
side: one for the passage of the femoral ves- 
sels and lumboinguinal nerve, and the other 
for the transmission of the spermatic cord in 
the male and the round ligament of the 
uterus in the female. In the fetus, the umbili- 
cus transmits the umbilical vessels, the al- 
lantois, and the vitelline duct through the 
ventral wall. 


REGIONS 


A simple but effective division of the ab- 
domen commonly used by clinicians is es- 
tablished by two lines intersecting at right 
angles: the median sagittal line and a trans- 
verse line through the umbilicus divide the 
abdomen into four quadrants, an upper and 
lower right, and an upper and lower left. The 
more accurate and elaborate division de- 
scribed and depicted in the third chapter 
(p. 91) is used for reference in many des- 
criptions of abdominal structures. 

The following description is based upon 
the inspection of a cadaver. Always remem- 
ber that the abdominal organs are highly 
movable during life, and the arbitrary place- 
ment in this account is used to provide a 
basic knowledge for adaptation to condi- 
tions that are seen in patients. Refer fre- 
quently to Figures 3-17, 3-19, 3-20, and 3-23 
to relate the organs to the skeleton. 


DISPOSITION OF THE ABDOMINAL VISCERA 


When the anterior abdominal wall of the 
cadaver is removed, only a few of the undis- 
turbed organs are plainly visible (Fig. 16-51). 
Cranially and to the right is the liver, with 
the falciform ligament marking its ventral 
surface into the right and left lobes. The nar- 
row left lobe extends across the median line, 
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partly concealing the lesser curvature of the 
stomach. The stomach occupies the left cra- 
nial region more or less completely, depend- 
ing on the degree of its distention. The tip of 
the gallbladder may protrude from the cau- 
dal border of the right lobe of the liver, and 
between this and the stomach is the pylorus 
and the first part of the duodenum. Draped 
caudalward from the greater curvature of 
the stomach and the first part of the duode- 
num, a filmy apron, the greater omentum (or 
epiploon), extends caudalward, concealing 
most of the other intestines. Caudally and on 
the right, parts of the descending and sig- 
moid colon are usually visible and a variable 
number of coils of the small intestine appear 
in the caudal part of the cavity. Just above 
the pubis, the urinary bladder is visible if 
partly distended. 

The large and small intestines are brought 
into view if the omentum is lifted and turned 
upward over the stomach and liver (Fig. 16- 
52). The large intestine forms an arch with 
the ascending colon on the right, the de- 
scending and sigmoid on the left, and the 
transverse colon, with the omentum at- 
tached, forming the top of the arch. The 
small intestine may be lifted and drawn to 
the left to display its attachment to the mes- 
entery and the attachment of the colon to the 
transverse mesocolon. The blind end of the 
ascending colon, the cecum, lies in the hol- 
low of the right ilium, and near the ileocecal 
junction, the vermiform appendix may or 
may not be visible. 

Further inspection requires removal of 
some of the organs and structures, namely, 
the small intestine except the duodenum and 
terminal ileum, the greater omentum, the 
transverse colon with its mesocolon, and 
the left lobe of the liver (Fig. 16-53). It is 
then possible to see the terminal part of 
the esophagus as it passes through the 
diaphragm and joins the cardiac end of 
the stomach. The filmy lesser omentum 
stretches between the lesser curvature of the 
stomach and the liver and duodenum. The 
head of the pancreas lies in the loop formed 
by the other three parts of the duodenum. 
The spleen can be brought into view be- 
tween the greater curvature of the stomach 
and the diaphragm if the stomach is pulled 
forcibly toward the liver. Since it is placed 
rather far dorsally, it may not be seen but it 
can easily be palpated. If the subject is not 
obese, a smooth rounded prominence just 
caudal to the right and left flexures of the 
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Fic. 16-51 
abdominal walls. (Eycleshymer and Jones.) 


colon will represent the caudal poles of the 
two kidneys. The sigmoid colon is com- 
pletely visible and its junction with the rec- 
tum may be detected. In the female, if the 
sigmoid colon is drawn to the left and cau- 
dalward, the uterus lying in the midline and 
the uterine tubes on each side may be 
brought into view. In the midline extending 
caudally, the prominence caused by the ab- 
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Ventral view of the thoracic and abdominal viscera in position after removal of the anterior thoracic and 


dominal aorta and its bifurcation into the 
iliac arteries should be discernible. 


The Peritoneum 


The peritoneum (tunica serosa) is the 
most extensive serous membrane in the 
body. It consists of a closed sac in the male, 









Superior 


mesenteric vein ) 
ty 


2 1 é : 
Vet dp d Fe oy 
Ot Sho .23'4%, oh ANA, 
- h  *Ke, eee i * 


af" é, 
r) it o> 
e * City 
a* iy mo 
27 ss oy 
f 7 Fr, 
ea 4 
\. BW he as 
. 
SH ‘ ax a4 
ote at R ‘a 
J > 
sk Yf' 
> ir 


Reese 
ee. 
Ser tite 
Ms OA PUL | ee. 
e*,% 49% Aw < 
Cd sh-75 


bose 


a 
Sete 







Le, 


me, 









we 
-_, 


a 


oh) 
nw .26, 
ee ae 


(ae 


oe 


=<] 
Co} 
25 
— 
2) 
o 
= 
< 
©. 
5 
w 
1 

1 

beg, Ane 


ff LA 


7 8 

Orel bh 

CHER 
ote 


\) 





ope . aQitSS) 


wie 





a 
Ries 


EY 4 
rn: ay oth 
/ SS 
= 


/ An 


Cecum 


~ 


Omentum majus 


a I > 
—_ <n * ws aor 
SS ~ 


1451 


THE PERI] JE 


- Superior mesenteric 
artery 









is 
ittit4 









Te 


Pe Loans — <3 tS 
Ss 4 


=~ 
a 
Ke OAS SS 
Q ix) Co —_— 
evsee 4 > & at @* 
SGML ee 


Pore 
SQrBea. 







S37 : 
p & 


Intestinal arteries 


Fic. 16-52. Small and large intestines with their mesenteries and blood vessels viewed after the greater omentum has 
been drawn upward over the chest. (Eycleshymer and Jones.) 


part of which is applied against the abdomi- 
nal parietes, while the remainder is reflected 
over the contained viscera. In the female the 
peritoneum is not a closed sac, because the 
free ends of the uterine tubes open directly 
into the peritoneal cavity. The part that lines 
the abdominal wall is named the parietal 
peritoneum; that which is reflected over the 
contained viscera constitutes the visceral 
peritoneum. 


The free surface of the membrane is a 
smooth layer of flat mesothelium lubricated 
by a small quantity of serous fluid, which 
allows the viscera to glide freely against the 
wall of the cavity or upon each other with 
the least possible friction. The attached sur- 
face is connected to the viscera and inner 
surface of the parietes by means of areolar 
tissue, which is termed the subserous fascia. 
The parietal portion is separated by a fascial 
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Fic. 16-53. Ventral view of the thoracic and abdominal viscera partially dissected. The anterior pleurae and pericar- 
dium have been removed; the structures at the root of the neck, dissected. The left lobe of the liver, the greater 
omentum, transverse colon, jejunum, and ileum have been removed. (Eycleshymer and Jones.) 


cleft from the transversalis fascia that lines 
the abdomen and pelvis, but it adheres more 
closely to the undersurface of the diaphragm 
and in the midline of the anterior wall. 
The space between the parietal and vis- 
ceral layers of the peritoneum is named the 
peritoneal cavity, but under normal condi- 
tions this cavity is merely a potential one. 
since the parietal and visceral layers are in 
contact. The peritoneal cavity is divided by 


a narrow constriction into a greater sac and 
a lesser sac. The greater sac, commonly re- 
ferred to simply as the peritoneal cavity, is 
related to the majority of the abdominal 
structures. The lesser sac is named the 
omental bursa and is related onlv to the dor- 
sal surface of the stomach and closely sur- 
rounding structures. The constriction be- 
tween the two sacs occurs between the liver 
and the duodenum and is named the epi- 


ploic foramen or foramen of Winslow! (Figs. 
16-53; 16-56). 

Certain abdominal viscera are completely 
surrounded by peritoneum and are sus- 
pended from the wall by a thin sheet of peri- 
toneum-covered connective tissue carrying 
the blood vessels. These sheets are given the 
general name of mesenteries. Other viscera 
are more Closely attached to the abdominal 
wall and are only partly covered by perito- 
neum rather than suspended: these viscera 
are said to be retroperitoneal. No term cor- 
responding to retroperitoneal has been 
adopted for the suspended viscera; ‘‘intra- 
peritoneal” is unsatisfactory because this 
would imply that they are inside the perito- 
neal cavity. The term mesentery, when used 
specifically, refers only to the peritoneal sus- 
pension of the small intestine: “entery’ re- 
fers to the intestine and “mes-’’ to the perito- 
neum. Thus, the names of the suspending 
folds of other organs use only the prefix 
“meso,” for example, the mesocolon, meso- 
appendix, and mesovarium. 

The complicated disposition and varia- 
tions of the peritoneum in the adult body 
can be understood only through frequent 
reference to the changes in position and at- 
tachment of the viscera during embryonic 
and fetal development described in the first 
part of this chapter. 


PARIETAL PERITONEUM 


This discussion of the parietal peritoneum 
considers the abdominal and pelvic regions, 
including the omental bursa. 


Abdominal Region 


The peritoneum covering the internal sur- 
face of the ventral abdominal wall is smooth 
and relatively uninterrupted by folds and 
attachments. Certain vestiges of embryonic 
structures, however, have remained. Be- 
tween the pubic bone and the umbilicus, a 
fibrous band in the midline, the middle um- 
bilical ligament, represents the remains of 
the urachus, and 3 or 4 cm lateral to it are the 
medial umbilical ligaments, which are fi- 
brous remnants of the obliterated umbilical 
arteries. The fold of peritoneum over the 


‘Jacob Benignus Winslow (1669-1760): A Danish anato- 
mist who worked in Paris. 
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urachal remnant is the middle umbilical fold 
(Fig. 16-54); the fold over the arterial rem- 
nants is the medial umbilical fold. Three or 
four centimeters lateral to the latter fold is 
the lateral umbilical fold, which is produced 
by a slight protrusion of the inferior epigas- 
tric artery and the interfoveolar ligament. 
The contracted bladder may have transverse 
folds extending laterally from its fundus, the 
transverse vesical folds. 

Extending cranialward from the umbili- 
cus is the falciform ligament of the liver. It is 
a thin fibrous sheet with a fibrous cord, the 
ligamentum teres, or remnant of the umbili- 
cal vein, in its free crescentic border. Its at- 
tachment to the wall is narrow from the 
umbilicus to the cranial surface of the liver, 
where its two leaves separate and the reflec- 
tions extend laterally to become the anterior 
leaf of the coronary ligament of the liver. 

The anterior leaf of the coronary ligament 
is the anterior boundary of an irregularly 
oval or triangular area of liver surface, ap- 
proximately 15 cm in diameter, which has 
no peritoneal covering and is called the bare 
area of the liver. The posterior boundary of 
this area is the posterior leaf of the coronary 
ligament, where the peritoneum is reflected 
from the liver to the diaphragmatic portion 
of the dorsal abdominal wall. Between the 
anterior and posterior coronary leaves, the 
reflection extends laterally into a crescentic 
fold on each side, forming the right and left 
triangular ligaments of the liver (Fig. 16-55). 

On the left side, beginning at the falciform 
and left triangular ligaments on the anterior 
abdominal wall, the peritoneum is uninter- 
rupted by attachments as it passes around 
the lateral wall and over part of the poster- 
ior wall, until it reaches the gastrophrenic 
and phrenicolienal ligaments. The latter rep- 
resent the adult position of the fetal dorsal 
mesogastrium. The phrenicolienal ligament 
angles laterally and its more caudal part is 
reflected from the cranial pole of the left kid- 
ney and then meets the splenic or left flex- 
ure of the colon.The peritoneum at the reflec- 
tion of the flexure is prolonged laterally for 
several centimeters into a narrow fold, 
the phrenicocolic ligament, which repre- 
sents the left lateral extent of the greater 
omentum. 

The peritoneum of the anterior and left 
lateral abdominal wall from this ligament 
down to the pelvis and into the rectovesical 
fossa is uninterrupted by attachments. It is 
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Fic. 16-54. The lower portion of the anterior abdominal wall, viewed from within. The peritoneum has been partially 


removed from the right side. (Eycleshymer and Jones.) 


reflected over the descending colon without 
mesentery or mesocolon; then the sigmoid 
mesocolon swings laterally into a reflection 
over the rectum. 

The peritoneum of the right side of the an- 
terior and lateral abdominal wall extends 
caudally into the iliac region uninterrupted 
by attachments. Along the right side of the 
posterior abdominal wall, there is a reflec- 
tion to the ascending colon and cecum. Be- 
tween the right triangular ligament and the 
attachment of the right or hepatic flexure of 
the colon, an unattached peritoneal surface 3 
or 4 cm wide extends medialward and crani- 
alward between the anterior leaf of the 
coronary ligament of the liver cranially and 
the transverse mesocolon and reflection 
over the superior part of the duodenum cau- 
dally. Medial to the duodenum, the perito- 
neum of the posterior wall covers the infe- 
rior vena cava, and this structure marks the 
position of the epiploic foramen, which 


leads toward the left into the lesser sac or 
omental bursa. 

The reflections of peritoneum from the 
posterior wall that form the boundaries of 
the lesser sac, beginning at the vena cava, 
are as follows: the coronary ligament of the 
liver, along the caudate lobe to the diaphrag- 
matic end of the lesser omentum, the esoph- 
agus and the gastrophrenic ligament, 
the phrenicolienal ligament, containing the 
tail of the pancreas, the transverse mesoco- 
lon, and the first part of the duodenum (Fig. 
16-57). 

The reflection of peritoneum to the as- 
cending colon extends caudalward along the 
right dorsolateral wall to the cecum in the 
right iliac fossa. After rounding the blind 
end of the cecum, the peritoneum from the 
dorsal wall is reflected to the mesentery of 
the ileum and the jejunum. The attachment 
of the mesentery extends medialward as 
well as cranialward until it reaches the junc- 
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tion of the duodenum with the jejunum at 
the caudal leaf of the transverse mesocolon. 
A triangular area of dorsal wall to the right 
of the mesentery is thus completely sur- 
rounded by peritoneal reflections: the as- 
cending colon laterally, the transverse meso- 
colon cranially, and the mesentery medially. 
The peritoneum in this triangular area cov- 
ers part of the right kidney and duodenum. 


Pelvic Region 


The peritoneum of the dorsal wall be- 
tween the mesentery, transverse mesocolon, 
and descending and sigmoid colons extends 
into the right side of the pelvis between the 
rectum and the bladder. Here it follows 


Closely the surfaces of the pelvic viscera 
and the inequalities of the pelvic walls, and 
presents important differences in the two 
SeXeS. 

MALE. In the male (Fig. 16-55), the perito- 
neum encircles the sigmoid colon, from 
which it is reflected to the posterior wall of 
the pelvis as a fold, the sigmoid mesocolon. 
It then leaves the sides and finally the ven- 
tral surface of the rectum, and is continued 
onto the cranial ends of the seminal vesicles 
and the bladder. On either side of the rectum 
it forms the pararectal fossa, which varies in 
size with the distention of the rectum. Ven- 
tral to the rectum, the peritoneum forms the 
rectovesical excavation, which is limited lat- 
erally by peritoneal folds extending from the 
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sides of the bladder to the rectum and sac- 
rum. Because of their positions, these folds 
are known as the rectovesical or sacrogeni- 
tal folds. 

The peritoneum of the ventral pelvic wall 
covers the superior surface of the bladder 
and on either side of this viscus forms a de- 
pression, termed the paravesical fossa, 
which is limited laterally by the fold of peri- 
toneum covering the ductus deferens. The 
size of this fossa depends on the state of dis- 
tention of the bladder; when the bladder is 
empty, a variable fold of peritoneum, the 
plica vesicalis transversa, divides the fossa 
into two portions. Between the paravesical 
and pararectal fossae, the only elevations of 
the peritoneum are those produced by the 
ureters and the internal iliac vessels (Fig. 
17S 

FEMALE. In the female, pararectal and 
paravesical fossae similar to those in the 
male are present: the lateral limit of the 
paravesical fossa is the peritoneum investing 
the round ligament of the uterus. The recto- 
vesical excavation, however, is divided by 
the uterus and vagina into a small anterior 
vesicouterine excavation and a large, deep, 
posterior rectouterine excavation. The sac- 
rogenital folds form the margins of the latter, 
and are continued onto the dorsum of the 
uterus to form a transverse fold, the torus 
uterinus. The broad ligaments extend from 
the sides of the uterus to the lateral walls of 
the pelvis; they contain, in their free mar- 
gins, the uterine tubes, and the ovaries are 
suspended from their posterior layers. On 
the lateral pelvic wall dorsal to the attach- 
ment of the broad ligament, in the angle be- 
tween the elevations produced by the di- 
verging internal iliac and external iliac 
vessels, is the slight ovarian fossa, in which 
the ovary normally lies (Fig. 17-59). 


Omental Bursa 


The omental bursa or lesser peritoneal sac 
is so named because a part of its wall is 
formed by the two omenta (to be described 
later). On the dorsal abdominal wall, the 
peritoneum of the greater sac is continuous 
with that of the lesser sac as it crosses the 
ventral surface of the inferior vena cava a 
short distance to the right of the midline (Fig. 
16-57). This passage of continuity between 
the two sacs is the epiploic foramen or fora- 
men of Winslow. 


EPIPLOIC FORAMEN. ‘The epiploic foramen 
(ig 16-56) is a peritoneal-covered passage 
that usually admits two fingers. It can easily 
be located with a probing finger in the ab- 
dominal cavity by pushing a way between 
the inferior vena cava and the free edge of 
the hepatoduodenal ligament in the region 
between the neck of the gallbladder and the 
first part of the duodenum (Fig. 16-56). The 
epiploic foramen is bounded ventrally by 
the free border of the lesser omentum, with 
the common bile duct, the hepatic artery, 
and the portal vein between its two layers; 
dorsally by the peritoneum covering the in- 
ferior vena cava: cranially by the perito- 
neum on the caudate process of the liver: 
and caudally by the peritoneum covering 
the commencement of the duodenum and 
the hepatic artery before it passes between 
the two layers of the lesser omentum. 

BOUNDARIES OF OMENTAL BURSA. The 
boundaries of the omental bursa will now be 
evident. It is bounded ventrally by the cau- 
date lobe of the liver, the lesser omentum, 
the stomach, and the greater omentum. Dor- 
sally, it is limited by the greater omentum, 
the transverse colon, the transverse meso- 
colon, the ventral surface of the pancreas, 
the left suprarenal gland, and the cranial end 
of the left kidney. To the right of the esopha- 
geal opening of the stomach it is formed by 
the part of the diaphragm that supports the 
caudate lobe of the liver. Laterally, the 
bursa extends from the epiploic foramen to 
the hilum of the spleen, where it is limited 
by the phrenicolienal and gastrolienal liga- 
ments. 

The omental bursa, therefore, consists of a 
series of pouches or recesses to which the 
following terms are applied: (1) the vesti- 
bule, a narrow channel that continues from 
the epiploic foramen over the head of the 
pancreas to the gastropancreatic fold; this 
fold extends from the omental tuberosity of 
the pancreas to the right side of the fundus 
of the stomach and contains the left gastric 
artery and the coronary vein; (2) the superior 
omental recess, which is found between the 
caudate lobe of the liver and the diaphragm; 
(3) the lienal recess, located between the 
spleen and the stomach; (4) the inferior 
omental recess, which comprises the re- 
mainder of the bursa (Fig. 16-57). 

In the fetus the bursa reaches as low as the 
free margin of the greater omentum, but in 
the adult its vertical extent is usually more 
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Fic. 16-56. The epiploic foramen (of Winslow) and neighboring structures. (Eycleshymer and Jones.) 


limited owing to adhesions between the lay- 
ers of the omentum. During a considerable 
part of fetal life the transverse colon is sus- 
pended from the posterior abdominal wall 
by a mesentery of its own, the greater omen- 
tum passing ventral to the colon (Fig. 16-13). 
This condition occasionally persists through- 
out life, but as a rule adhesion occurs be- 
tween the mesentery of the transverse colon 
and the posterior layer of the greater omen- 
tum, so that the colon appears to receive its 
peritoneal covering by the splitting of the 
two posterior layers of the latter fold (Fig. 
16-14). In the adult the omental bursa inter- 


venes between the stomach and the struc- 
tures on which the viscus lies, and therefore 
performs the functions of a serous bursa for 
the stomach. 


VISCERAL PERITONEUM 


The visceral peritoneum covers all or part 
of each abdominal organ and forms the vari- 
ous mesenteries, omenta, and ligaments as- 
sociated with them. Numerous peritoneal 
folds extend between the various organs or 
connect them to the parietes; they serve to 
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hold the viscera in position and at the same 
time enclose the vessels and nerves proceed- 
ing to them. 


Mesenteries 





The mesenteries are: the mesentery pro- 
per, the transverse mesocolon, and the sig- 
moid mesocolon. In addition, an ascending 
and a descending mesocolon are sometimes 
present. 

MESENTERY PROPER. The _ mesentery 
proper is the broad, fan-shaped fold of peri- 
toneum that connects the convolutions of 
the jejunum and ileum with the dorsal wall 
of the abdomen. Its root—the part connect- 
ed with the structures ventral to the verte- 
bral column—is about 15 cm long, extending 
obliquely from the duodenojejunal flexure 
at the left side of the second lumbar vertebra 
to the right sacroiliac articulation (Fig. 16- 
55). Its intestinal border is about 6 meters 
long, and here the two layers separate to 
enclose the intestine and form its peritoneal 
coat. The cranial end is narrow but widens 
rapidly to about 20 cm, and it is thrown into 
numerous plaits or folds. This part of the 
mesentery suspends the small intestine and 
contains between its layers the intestinal 
branches of the superior mesenteric artery, 
with the accompanying tributaries of the 
portal vein, the plexuses of nerves, the lac- 
teal vessels, and the mesenteric lymph nodes. 

TRANSVERSE MESOCOLON. The transverse 
mesocolon is a broad fold that connects the 
transverse colon to the dorsal wall of the 
abdomen. It is continuous with the greater 
omentum along the ventral surface of the 
transverse colon. Its two peritoneal layers 
diverge along the anterior border of the pan- 
creas. It contains between its layers the ves- 
sels that supply the transverse colon. 

SIGMOID MESOCOLON. The sigmoid meso- 
colon is the fold of peritoneum that retains 
the sigmoid colon in connection with the 
pelvic wall. Its line of attachment forms a 
U-shaped curve, with the apex of the curve 
placed about the point of division of the left 
common iliac artery. It is continuous with 
the iliac mesocolon on the left and ends in 
the median plane at the level of the third 
sacral vertebra over the rectum. The sigmoid 
and superior rectal vessels run between the 
two layers of this fold. 

OTHER FEATURES. In most cases the peri- 
toneum covers only the ventral surface and 
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sides of the ascending and descending parts 
of the colon. Sometimes, however, these 
parts of the colon are surrounded by the se- 
rous membrane and are attached to the pos- 
terior abdominal wall by an ascending and a 
descending mesocolon respectively. A fold 
of peritoneum, the phrenicocolic ligament, is 
continued from the left colic flexure to the 
diaphragm opposite the tenth and eleventh 
ribs; it forms a pocket that supports the 
spleen and therefore has received the name, 
sustentaculum lienis. 

The appendices epiploicae are small 
pouches of peritoneum that are filled with 
fat and situated along the colon and upper 
part of the rectum. They are appended 
chiefly to the transverse and sigmoid parts of 
the colon. 


Omenta 


There are two omenta, the lesser and the 
greater. 

LESSER OMENTUM. The lesser omentum 
(omentum minus; small omentum; gastrohe- 
patic omentum) extends to the liver from the 
lesser curvature of the stomach and the com- 
mencement of the duodenum. It is continu- 
ous with the two layers of peritoneum that 
cover respectively the ventral and dorsal 
surfaces of the stomach and the first part of 
the duodenum. The two peritoneal layers 
leave the stomach and duodenum as a thin 
membrane and ascend to the porta of the 
liver. To the left of the porta, the omentum is 
attached to the bottom of the fossa for the 
ductus venosus, along which it extends to 
the diaphragm, where the two layers sepa- 
rate to embrace the end of the esophagus. At 
the right, the omentum ends in a free margin, 
which constitutes the ventral boundary of 
the epiploic foramen. The portion of the 
lesser omentum located between the liver 
and stomach is termed the hepatogastric lig- 
ament; that between the liver and duodenum 
is the hepatoduodenal ligament (Fig. 16-56). 
Between the two layers of the hepatoduode- 
nal ligament, close to the right free margin, 
are the hepatic artery, the common bile duct, 
the portal vein, lymphatics, and the hepatic 
plexus of nerves; all of these structures are 
enclosed in a fibrous capsule (Glisson’s cap- 
sule!). The right and left gastric vessels run 


‘Francis Glisson (1597-1677): An English physician and 
anatomist (Cambridge). 
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between the layers of the lesser omentum, 
where they are attached to the stomach. 

GREATER OMENTUM. The greater omentum 
(omentum majus; gastrocolic omentum) 
(Fig. 16-51) is a filmy apron draped over the 
transverse colon and coils of the small intes- 
tine. It is attached along the greater curva- 
ture of the stomach and the first part of the 
duodenum; its left border is continuous with 
the gastrolienal ligament. If it is lifted and 
turned back cranialward over the stomach 
and liver, one sees that it adheres to the 
transverse colon along the latter’s whole 
length across the abdomen (Fig. 16-52). The 
greater omentum may be composed of a sin- 
gle membrane covered with peritoneum on 
both surfaces from the colon to its free cau- 
dal border, but in some people a variable 
amount of omentum near the colon is often 
composed of two peritoneum-covered mem- 
branes with a pocket between them. If the 
greater omentum contains this pocket, only 
the dorsal of the two membranes is attached 
to the colon, and the pocket opens into the 
omental bursa. This is best understood by 
referring to the conditions in the fetus de- 
picted in the diagrams of Figure 16-14. 

The membrane forming the greater omen- 
tum is thin, transparent, and fenestrated, 
except where there are blood vessels and 
accumulations of fat. The membrane be- 
tween the stomach and the colon is the gas- 
trocolic ligament. The right and left gastro- 
epiploic blood vessels run between the two 
peritoneal layers of this ligament near their 
attachment to the greater curvature of the 
stomach, and they must be avoided when 
the ligament is cut to gain access to the 
omental bursa. 

The greater omentum is a remarkable 
structure. [t is greatly movable in the living 
individual and seems to have the ability to 
spread itself in areas where its presence is 
useful for the bodily economy. For example, 
in a patient with a ruptured appendix, the 
omentum may be found covering the area, 
walling off the infection to form an abscess 
and preventing generalized peritonitis. Oc- 
casionally the omentum finds its way into 
the sac of a hernia, where it may form adhe- 
sions, close up the sac, and produce a “spon- 
taneous repair’ of the hernia. In a cadaver it 
may be free and spread over the intestines or 
bunched up near the colon or in a recess. 
Adhesions, except along the stomach and 
colon, are abnormal and the result of inflam- 
matory processes. 


Ligaments 


The term “hgament’ has two meanings. 
When applied to structures related to a joint, 
it is a strong fibrous cord or sheet. When ap- 
plied to the peritoneum it is merely a layer of 
serous membrane and has little or no tensile 
strength. The ligaments of the peritoneum 
are the parts of the membrane that extend 
between two structures and usually derive 
their names from these two structures— 
the gastrolienal ligament, for example. The 
ligaments are described in detail along with 
the organs to which they are related. 


PERITONEAL RECESSES OR FOSSAE 


In certain parts of the abdominal cavity, 
recesses of peritoneum form cul-de-sacs 
or pouches (retroperitoneal fossae), which 
have surgical importance in connection with 
the possible occurrence of intraabdominal 
or retroperitoneal hernias (Mayo et al., 
1941). The largest of these is the omental 
bursa (already described), but several other 
smaller fossae require mention. These may 
be divided into three groups: duodenal, 
cecal, and intersigmoidal fossae. 


Duodenal Fossae 


Three appear fairly constantly (Figs. 16-58; 
16-59): the inferior duodenal fossa, the supe- 
rior duodenal fossa, and the duodenojejunal 
fossa. Two appear occasionally or rarely: the 
paraduodenal fossa and the retroduodenal 
fossa. 

INFERIOR DUODENAL FOSSA. The inferior 
duodenal fossa, present in about 75% of bod- 
ies, is situated opposite the third lumbar ver- 
tebra on the left side of the ascending por- 
tion of the duodenum. It is bounded by a 
thin sharp fold of peritoneum, and if the tip 
of the index finger is introduced into the 
fossa, it passes a little distance caudalward 
behind the ascending portion of the duo- 
denum. 

SUPERIOR DUODENAL FOSSA. The superior 
duodenal fossa, present in about 50% of bod- 
ies, often coexists with the inferior fossa. It 
lies on the left of the ascending portions of 
the duodenum, at the level of the second 
lumbar vertebra. It extends cranialward 
behind the sickle-shaped duodenojejunal 
fold, and has a depth of about 2 cm. 

DUODENOJEJUNAL FOSSA. The duodenoje- 
junal fossa exists in about 20% of bodies. It 
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Fig. 16-58. Superior and inferior duodenal fossae. (Poirier and Charpy.) 


lies between the right and left duodeno- 
mesocolic folds, extending cranialward be- 
hind the duodenojejunal junction toward 
the pancreas between the aorta on the right 
and the kidney on the left. It has a depth of 2 
to 3 cm; its orifice is nearly circular and will 
admit the tip of the finger. 

PARADUODENAL FOSSA. The paraduodenal 
fossa, rarely found, lies a short distance to 
the left of the ascending portion of the duo- 
denum behind a peritoneal fold that con- 
tains the inferior mesenteric vein. The pres- 
ence of a large fossa, containing most of the 
small intestine, has been explained as an 
abnormal rotation of the gut in embryonic 
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development (Mayo et al., 1941). A similar 
condition is usual in squirrel monkeys. 

RETRODUODENAL FOSSA. The retroduode- 
nal fossa, only occasionally present, lies dor- 
sal to the horizontal and ascending parts of 
the duodenum and ventral to the aorta. 


Cecal Fossae 


The cecal fossae (pericecal folds) are three 
principal pouches or recesses in the neigh- 
borhood of the cecum (Figs. 16-60 to 16-62): 
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Fig. 16-59. Duodenojejunal fossa. (Poirier and Charpy.) 
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Fic. 16-60. Superior ileocecal fossa. (Poirier and 


Charpy.) 


SUPERIOR ILEOCECAL Fossa. The superior 
ileocecal fossa is formed by a fold of perito- 
neum that arches over the branch of the 
ileocolic artery that supplies the ileocolic 
junction. The fossa is a narrow chink situ- 
ated between the mesentery of the small in- 
testine, the ileum, and the small portion of 
the cecum behind. 

INFERIOR ILEOCECAL Fossa. ‘The inferior 
ileocecal fossa is situated behind the angle 
of junction of the ileum and the cecum. It is 
formed by the ileocecal fold of peritoneum 
(bloodless fold of Treves'). the upper border 
of which is fixed to the ileum opposite its 
mesenteric attachment, while the lower bor- 


‘Frederick Treves (1853-1923): An English surgeon (Lon- 
don). 
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der, passing over the ileocecal junction, joins 
the mesenteriole of the vermiform appendix 
and sometimes the appendix itself. Between 
this fold and the mesenteriole of the ap- 
pendix is the inferior ileocecal fossa. It is 
bounded cranially by the dorsal surface of 
the ileum and the mesentery: ventrally and 
caudally by the ileocecal fold, and dorsally 
by the upper part of the mesenteriole of the 
vermiform appendix. 

cecat Fossa. The cecal fossa is situated 
immediately behind the cecum, which has to 
be raised to bring it into view. It varies much 
In size and extent. In some cases it is suffi- 
ciently large to admit the index finger, and 
extends upward behind the ascending colon 
in the direction of the kidnev; in others it is 
merely a shallow depression. It is bounded 
on the right by the cecal fold, which is at- 
tached by one edge to the abdominal wall 
from the caudal border of the kidney to the 
iliac fossa, and by the other edge to the pos- 
terolateral aspect of the colon. In some in- 
stances additional fossae, the retrocecal fos- 
sae, are present. 


Intersigmoid Fossa 


The intersigmoid fossa (recessus intersig- 
moideus) (Fig. 16-84) is constant in the fetus 
and during infancy, but disappears in a cer- 
tain percentage of individuals as age ad- 
vances. When the sigmoid colon is drawn 
cranialward, the left surface of the sigmoid 
mesocolon is exposed, and on it will be seen 
a funnel-shaped recess of the peritoneum 
lying on the external iliac vessels in the in- 
terspace between the psoas and iliacus mus- 
cles. This is the intersigmoid fossa, which 
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vermiform appendix 


Mesenteriole of 
vermiform appendix 


Fig. 16-61. Inferior ileocecal fossa. The cecum and ascending colon have been drawn lateralward and downward. the 
ileum upward and backward, and the vermiform appendix downward. (Poirier and Charpy.) 
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Inferior ileocecal 
fold 





Inferior ileocecal fossa 


Mesenteriole of 
vermiform appendix 


Mesentericoparietal 
fold 


Fig. 16-62. The cecal fossa. The ileum and cecum are drawn dorsalward and cranialward. (Souligoux.) 


lies dorsal to the sigmoid mesocolon and 
ventral to the parietal peritoneum. The fossa 
varies in size; in some instances it is a mere 
dimple, whereas in others it will admit the 
whole of the index finger. 


The Stomach 


The stomach (ventriculus; gaster) is situ- 
ated in the right upper quadrant of the abdo- 
men, partly covered by the ribs. It lies in a 
recess in the epigastric and left hypochon- 
driac regions bounded by the anterior ab- 
dominal wall and the diaphragm, between 
the liver and the spleen. 


SHAPE AND POSITION 


The shape and position of the stomach are 
so greatly modified by changes within itself 
and in the surrounding viscera that no sin- 
gle form can be described as typical. The 
chief modifications are determined by (1) the 
amount of the stomach contents, (2) the 
stage that the digestive process has reached, 
(3) the degree of development of the gastric 
musculature, and (4) the condition of the 
adjacent intestines. It is possible, however, 
by comparing a series of stomachs, to de- 


termine certain points more or less common 
to all (Figs. 16-63; 16-64). 

According to Moody (1926), radiographs of 
the normal erect living body show the ordi- 
nary range of variation of the most caudal 
part of the greater curvature to be 7.3cm 
above to 13.5 cm below the interiliac line in 
males and 6.5 cm above to 13.7 cm below the 
line in females. It is below the interiliac line 
in 74.4% of males and 87% of females. With 
the body horizontal, the most caudal part of 
the greater curvature in males is 16.5 cm 
above to 7.3 cm below the interiliac line, and 
in females, 15.5cm above to 8.4cm below 
the line. The most common position in the 
erect male (26%) is 2.6 to 5cm below the 
interiliac line, and in the horizontal male 
(22.4%), 2.5 to 5cm above the interiliac line. 
The most common position in the erect 
female (22.4%) is 5 to 7.5cm below the 
interiliac line and in the horizontal female 
(24%), 2.5 to 5cm above the interiliac line 
(Fig. 16-63). 

The position of the pylorus in the erect liv- 
ing body of the male varies from 14.5cm 
above to 8 cm below the iliac line, and in the 
female, 15cm above to 2.5cm below the 
interiliac line. The range of position of the 
pylorus in regard to the sagittal axis of the 
erect body varies in males from 8.8 cm to the 
right to 2cm to the left of the axis. In 84% it 
is to the right of the axis. In females the posi- 
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tion ranges from 6 cm to the right to 2.6 cm to 
the left of the sagittal axis. In 18.5% it is to 
the right. The most common position in both 
males and females is 2.5 to 5 cm to the right. 


OPENINGS 


The opening from the esophagus into the 
stomach is known as the cardiac orifice, so 
named because of its close relationship with 
the part of the diaphragm upon which the 
heart rests. The short abdominal portion of 
the esophagus is situated to the left of the 
midline at the level of the tenth thoracic 
vertebra. It curves sharply to the left and 
dilates into the cardiac antrum. The right 
margin of the esophagus is continuous with 
the lesser curvature of the stomach; the left 
margin joins the greater curvature at an 
acute angle, forming the incisura cardiaca 
(cardiac notch). 

The opening of the stomach into the duo- 
denum is the pyloric orifice, which lies to the 
right of the midline at the level of the cranial 
border of the first lumbar vertebra. Its posi- 
tion is usually indicated on the surface of the 
stomach by a circular groove, the duodeno- 
pyloric constriction. 


ofp 





Fig. 16-63. Average position of the stomach based on x-ray studies. Standing position in black; reclining position in 
red. (Eycleshymer and Jones.) 


CURVATURES 


The lesser curvature (Fig. 16-67) forms the 
right or concave border of the stomach. 
Nearer to its pyloric than its cardiac end is a 
well-marked notch, the angular incisure 
(Fig. 16-64), which varies somewhat in posi- 
tion with the state of distention: it serves to 
separate the stomach into aright and a left 
portion. The hepatogastric ligament (lesser 
omentum), which contains the left gastric 
artery and the right gastric branch of the 
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Fic. 16-64. Diagram showing the subdivisions of the 
human stomach. (F. T. Lewis.) 


hepatic artery, is attached to the lesser cur- 
vature. 

The greater curvature, directed to the left 
and ventralward, is four or five times as long 
as the lesser curvature. Starting from the 
cardiac orifice at the incisura cardiaca, it 
arches cranialward and to the left; the high- 
est point of the convexity is level with the 
sixth left costal cartilage. From this level it 
curves more gradually caudalward, with a 
slight convexity to the left as low as the car- 
tilage of the ninth rib; it then continues to 
the right, to end at the pylorus. Directly op- 
posite the angular incisure of the lesser cur- 
vature, the greater curvature presents a dila- 
tation, which is the pyloric antrum. This 
dilatation is limited on the right by a slight 
sroove, the sulcus intermedius, which is 
about 2.5cm from the pyloric ostium. The 
portion between the sulcus intermedius and 
the pyloric ostium is termed the pyloric 
canal. Attached along the greater curvature 
are certain mesenteric membranes derived 
from the embryonic dorsal mesogastrium. 
From the fundus, the gastrophrenic ligament 
extends to the diaphragm, and from the cra- 
nial part of the body, the gastrolienal liga- 
ment runs to the spleen. The greater omen- 
tum is suspended from the remainder of the 
curvature. 


SURFACES 


When the stomach is contracted, the two 
surfaces between the curvatures face some- 
what cranialward and caudalward, but 
when it is partly distended, they face ventral- 
ward and dorsalward (Fig. 16-53). 

VENTRAL SuRFACE. The ventral surface 
(anterosuperior surface) (Fig. 16-53) is cov- 
ered with peritoneum of the greater omen- 
tum. At the left and cranially it is against the 
diaphragm, which separates it from the base 
of the left lung, the heart, and the seventh, 
eighth, and ninth ribs and the corresponding 
intercostal spaces. The right portion is in re- 
lation with the left and quadrate lobes of the 
liver and the anterior abdominal wall. When 
the stomach is empty, the transverse colon 
may lie on the caudal part of this surface. 

DORSAL suRFAcE. lhe dorsal surface 
(posteroinferior surface) (Fig. 16-57) is cov- 
ered with peritoneum of the lesser sac or 
omental bursa. It is in relation with the dia- 
phragm, the spleen, the left suprarenal 
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gland, the cranial part of the left kidney, the 
ventral surface of the pancreas, the left colic 
flexure, and the transverse mesocolon. These 
structures form a shallow stomach bed in 
which the organ rests (Fig. 16-57). The trans- 
verse mesocolon separates the stomach from 
the duodenojejunal junction and the rest of 
the small intestine. When the stomach is dis- 
tended, especially if the patient is in the up- 
right posture, the pyloric half of the stomach 
slides caudalward over the mesocolon and 
colon and may reach into the pelvis (Figs. 
16-65; 16-66). 


COMPONENT PARTS 


A plane passing through the angular 
incisure on the lesser curvature divides the 
stomach into a left portion or body and a 
right or pyloric portion (Fig. 16-64). The 
cranial portion of the body is the fundus, 
which is marked off from the remainder of 
the body by a plane passing horizontally 
through the cardiac orifice. To the right 
of a plane through the sulcus intermedius 
at right angles to the long axis of this por- 
tion is the pyloric canal (Fig. 16-64), which 
ends in the thickened muscular ring, the 
pyloric sphincter. 

A stomach examined during the process of 
digestion will be divided by a muscular con- 
striction into a large, dilated left portion and 
a narrow, contracted, tubular right portion. 
The constriction appears in the body of the 
stomach and does not follow any of the ana- 
tomic landmarks; indeed, it shifts gradually 
toward the left as digestion progresses, 1.e., 
more of the body is gradually absorbed into 
the tubular part. 


INTERIOR OF THE STOMACH 


When examined after death, the stomach 
is usually fixed at some stage of the digestive 
process. A common form is that shown in 
Figure 16-67. If the viscus were laid open by 
a section through the plane of its two curva- 
tures, it would consist of two segments: a 
large globular portion on the left and a nar- 
row tubular part on the right. These corre- 
spond to the clinical subdivisions of fundus 
and pyloric portions already described, and 
are separated by a constriction that indents 
the body and the greater curvature but does 





Normal stomach after a barium meal. The 


tone of the muscular wall is good and supports the 
weight of the column in the body of the organ. The arrow 
points to the duodenal cap, below which a gap in the 
barium indicates the position of the pylorus. 


not involve the lesser curvature. To the left 
of the cardiac orifice is the incisura cardiaca: 
the projection of this notch into the cavity of 
the stomach increases as the organ distends, 
and it supposedly acts as a valve preventing 
regurgitation into the esophagus. In the py- 
loric portion are seen the elevation corre- 
sponding to the angular incisure and the cir- 
cular projection from the duodenopyloric 
constriction, which forms the pyloric valve; 
the separation of the pyloric canal from the 
rest of the pyloric part is scarcely indicated. 


STRUCTURE OF THE STOMACH 


The wall of the stomach has four coats: 
mucous, submucous, muscular, and serous. 

MUCOUS MEMBRANE. The mucous mem- 
brane (Fig. 16-68) that lines the stomach has 
a soft, velvety appearance and pinkish color 
in the fresh state. It is thrown into thick 
folds, known as rugae, which tend to have a 
longitudinal direction along the lesser cur- 


vature and at the pylorus, but elsewhere re- 
semble a honeycomb. The folds involve both 
the mucosa and the submucosa, but they are 
transient and movable, and are gradually 
obliterated as the stomach distends. 

The surface of the membrane does not 
appear smooth when examined with a lens, 
because closely scattered everywhere are 
the openings of the gastric pits or foveolac. 
On the cut surface of the stomach wall, the 
mucous membrane appears quite thick 
(Simm) because tubular gastric glands ex- 
tend down into it from the foveolae (Fig. 16- 
69). 

The lining epithelium that covers the sur- 
face and extends down into the foveolae is 
composed of tall columnar cells of charac- 
teristic and rather uniform appearance: 
these are called theca cells. They secrete 
mucus, and within the part of the cell to- 
ward the surface, the precursor of the mucus 
can be seen in a shallow pocket or theca, 
much smaller and more difficult to identify 





Atonic stomach after a barium meal. This 
stomach contains the same amount of barium as the 
stomach in Fig. 16-65. Arrow 1 points to the shadow of 
the right breast; arrow 2, to the pylorus; arrow 3, to the 
upper part of the body of the stomach, where longitudi- 
nal folds can be seen in the mucous membrane. x x 
marks a wave of peristalsis. 
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Fig. 16-67. Interior of the stomach. 


than the pocket of a goblet cell. They do not 
have a cuticular border like that seen in the 
cells of the intestine, and there are no goblet 
cells. 

Gastric Glands. The gastric glands are 
simple tubular glands that open in groups of 
two or three into the bottoms of the gastric 
pits. Three kinds may be distinguished: (a) 
fundic glands, (b) cardiac glands, and (c) py- 
loric glands (the last two, being local modifi- 
cations, will be described with the appropri- 
ate parts). Frequently, the fundic glands are 
simply called gastric glands, because they 


Tunica Gastric 
mucosa pit 


are the most characteristic glands of the 
stomach and they occur throughout the fun- 
dus and body. The epithelial cells are of two 
types: chief cells and parietal cells. 

Chief Cells. The chief cells are again sub- 
divided into neck chief cells and body chief 
cells. The neck chief cells provide a transi- 
tion between the lining epithelium of the 
foveolae and the secreting part of the glands. 
They are cuboidal or columnar, have a baso- 
philic cytoplasm and, since they appear to 
be the source of new epithelial cells, they 
frequently contain mitotic nuclei. The body 
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Fic. 16-68. Section through wall of stomach of adult cadaver. 5 x. 
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FiG. 16-69. Section through the body of the stomach of a 22-year-old man. f, Gastric fovea; g.g., gastric gland; m.m., 


muscularis mucosae. 50 x. (Sobotta.) 


chief cells extend down to the bottom of the 
glands. They resemble the neck chief cells 
but they are slightly more basophilic and 
have a prominent basal striation. They con- 
tain many small secretion granules, which 
can be made clearly visible with special 
stains; these cells secrete pepsin. 

Parietal Cells. The parietal cells are the 
most characteristic cells in the gastric 
glands. Their name originated from the fact 
that they are pushed back against the base- 
ment membrane. They do not forni a contin- 
uous layer, but are scattered all along the 
walls of the glands, separated by several 
chief cells and usually overlapped by parts 
of the neighboring body chief cells, which 
intervene between them and the internal 
surface of the gland. They are four or five 
times as large as chief cells, have a granular, 
intensely acidophilic cytoplasm, and are the 
source of the hydrochloric acid in the gastric 
juice (Fig. 16-70). The tissue surrounding and 
intervening between the gastric pits and the 
glands is composed of areolar connective tis- 
sue, blood and lymphatic capillaries with 
scattered lymphocytes, and occasionally 
even lymphatic nodules. The boundary be- 
tween the mucosa and the submucosa is 
marked by a thin sheet of smooth muscle 
cells, the muscularis mucosae, which _ is 
composed of an inner circular and outer lon- 
gitudinal layer. 


SUBMUCOUS CoAT. The submucous Coat is 
composed of areolar connective tissue and 
blood and lymphatic vessels. It extends up 
into the rugae. 

MUSCULAR COAT. In addition to the two 
layers of smooth muscle fibers characteristic 
of the digestive tube—inner circular and 
outer longitudinal—the muscular coat of the 
stomach has a layer of oblique fibers. The 
inner circular layer is well represented over 
the entire organ (Fig. 16-68). The outer longi- 
tudinal layer is not as uniform as the circular 
layer and is more concentrated along the les- 
ser curvature and the greater curvature (Fig. 
16-71). The oblique fibers are internal to the 
circular fibers, occur chiefly at the cardiac 
end of the stomach, and spread over the ven- 
tral and dorsal surfaces (Figs. 16-71; 16-72). 

SEROUS COAT. The serous coat is com- 
posed of a small amount of areolar tissue 
that connects the mesothelial layer of the 
peritoneum to the muscular coat. It contains 
some of the larger blood vessels and lym- 
phatics. A narrow strip along the lesser and 
greater curvatures, where the two omenta 
are attached, is not covered by peritoneum. 


Cardiac Region 


The cardiac portion of the stomach has 
certain peculiarities. The stratified squa- 
mous epithelium of the esophagus is ab- 





Fic. 16-70. Higher magnification of transition from 
fovea to gastric gland shown in Figure 16-69. c.c., Chief 
cell; 1.f., lumen of fovea; I.g., lumen of gland; p.c., parie- 
tal cell. 5000 x. (Sobotta.) 


ruptly replaced by the columnar epithelium 
of the stomach. The cardiac glands are 
longer, more twisted, and contain no parietal 
cells; they resemble the esophageal glands 
and secrete mucus. Aggregations of lymph 
nodes or lymphatic nodules are common. 
The muscular layers are continuous with 
those of the esophagus. 


Pylorus 


The pylorus is distinctively marked by the 
thickening of the circular layer into the py- 
loric sphincter, which acts as a valve to close 
the lumen. The lining epithelium makes an 
abrupt transition from the gastric type with 
its theca cells to the intestinal epithelium 
type with striated cuticular border and 
interspaced goblet cells. The pyloric glands 
are devoid of parietal cells; they are longer 
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and more tortuous than the gastric glands 
and have the appearance of mucus-secreting 
cells. At the transition from stomach to duo- 
denum, the gastric glands can be distin- 
guished from the Brunner! glands of the 
duodenum because the gastric glands lie in 
the tunica mucosa, that is, inside the muscu- 
laris mucosae, whereas the Brunner glands 
lie in the submucosa. 


VESSELS AND NERVES. Jhe arteries supplying the 
stomach are: the left gastric, the right gastric, and 
the right gastroepiploic branches of the hepatic ar- 
tery, and the left gastroepiploic and short gastric 
branches of the lienal artery. They supply the mus- 
cular coat, ramify in the submucous coat, and are 
finally distributed to the mucous membrane. The 
arrangement of the vessels in the mucous mem- 
brane is somewhat peculiar. The arteries break up at 
the base of the gastric tubules into a plexus of fine 
capillaries that run upward between the tubules, 
anastomosing with each other and ending in a 
plexus of larger capillaries that surround the mouths 
of the tubes and also form hexagonal meshes 
around the ducts. 

From these the veins arise, and pursue a straight 
course downward, between the tubules, to the sub- 
mucous tissue; they end either in the lienal and su- 
perior mesenteric veins, or directly in the portal vein. 

The lymphatics are numerous: they consist of a 
superficial and a deep set, and they pass to lymph 
nodes along the two curvatures of the organ. 

The nerves are the terminal branches of the right 
and left vagi, the former usually being distributed 
upon the dorsal and the latter upon the ventral part 
of the organ. Numerous sympathetic fibers that arise 
chiefly from the various subdivisions of the celiac 
plexus accompany the different blood vessels to the 
organ. Small sympathetic filaments may also arise 
directly from the phrenic and splanchnic trunks. 
Nerve plexuses are found in the submucous coat 
and between the layers of the muscular coat, as in 
the intestine. From these plexuses, fibrils are distrib- 
uted to the muscular tissue and the mucous mem- 
brane. 


Small Intestine 


The small intestine extends from the pylo- 
rus to the ileocecal junction; it is about 7 
meters long and gradually diminishes in di- 
ameter from its commencement to its termi- 
nation. It is contained in the central and cau- 
dal part of the abdominal cavity and is 
surrounded cranially and at the sides by the 


17ohann Konrad Brunner (1653-1727): A German anato- 
mist (Heidelberg, then Strassburg). 
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Fic. 16-71. The longitudinal and circular muscle fibers of the stomach: anterior surface. (Redrawn after Spalteholz.) 


large intestine; a portion of it extends below 
the superior aperture of the pelvis and lies 
ventral to the rectum. It is in relation, ven- 
trally, with the greater omentum and ab- 
dominal parietes, and is connected to the 
vertebral column by a reduplication of peri- 
toneum, the mesentery. The small intestine 
is divisible into three portions: the duode- 
num, the jejunum, and the ileum. 


DUODENUM 


The duodenum (Fig. 16-57) received its 
name from being about equal in length to the 
breadth of 12 fingers (25 cm). It is the short- 
est, the widest, and the most fixed part of the 
small intestine, and it has no mesentery, 
being only partially covered by peritoneum. 
It has almost a circular course, so that its ter- 
mination is not far removed from its starting 
point. For purposes of description the duo- 
denum may be divided into four portions: 
superior, descending, horizontal, and as- 
cending. 


SUPERIOR PORTION. The superior portion 
is about 5 cm long, beginning at the pylorus 
and extending as far as the neck of the gall- 
bladder. It is the most movable of the four 
portions. It is almost completely covered by 
peritoneum, but a small part of its posterior 
surface near the neck of the gallbladder and 
the inferior vena cava has no covering. The 
cranial border of its first half has the hepato- 
duodenal ligament attached to it; the caudal 
border is attached to the greater omentum. It 
is in such close relation with the gallbladder 
that it is usually stained by bile after death, 
especially on its ventral surface. It is in rela- 
tion cranially with the quadrate lobe of the 
liver and the gallbladder; dorsally with the 
gastroduodenal artery, the common bile 
duct, and the portal vein; and caudally with 
the head and neck of the pancreas. 

DESCENDING PORTION. The descending 
portion is 7 to 10 cm long and extends from 
the neck of the gallbladder, on a level with 
the first lumbar vertebra, along the right side 
of the vertebral column to the cranial border 
of the body of the fourth lumbar vertebra. It 
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Fic. 16-72. The oblique fibers of the stomach; anterior surface. (Redrawn after Spalteholz.) 


is crossed in its middle third by the trans- 
verse colon, the posterior surface of which is 
not covered by peritoneum and is connected 
to the duodenum by a small quantity of con- 
nective tissue. The supra- and infracolic por- 
tions are covered ventrally by peritoneum 
(the infracolic part by the right leaf of the 
mesentery), but dorsally it is not covered by 
peritoneum. The descending portion is in 
relation ventrally with the gallbladder, the 
duodenal impression on the right lobe of the 
liver, and the transverse colon; dorsally, it 
has a variable relation to the right kidney in 
the neighborhood of the hilum and is con- 
nected to it by loose areolar tissue. The renal 
vessels, the inferior vena cava, and the psoas 
muscle are also dorsal to it. At its medial 
side are the head of the pancreas and the 
common bile duct; to its lateral side is the 
right colic flexure. The common bile duct 
and the pancreatic duct together perforate 
the medial side of this portion of the intes- 
tine 7 to 10 cm from the pylorus (Fig. 16-108); 
the accessory pancreatic duct sometimes 
pierces it about 2 cm proximal to this. 
HORIZONTAL PORTION. The horizontal por- 
tion (pars horizontalis; third or preaortic or 


transverse portion) is 5 to 7.5 cm long. It be- 
gins at the right side of the fourth lumbar 
vertebra and passes from right to left, with a 
slight inclination cranialward, ventral to the 
great vessels and crura of the diaphragm, 
and joins the ascending portion ventral to 
the abdominal aorta. It is crossed by the su- 
perior mesenteric vessels and the mesentery. 
Its ventral surface is covered by peritoneum, 
except near the midline, where it is crossed 
by the superior mesenteric vessels. Its poste- 
rior surface is not covered by peritoneum, 
except toward its left extremity, where the 
posterior layer of the mesentery may some- 
times cover it to variable extents. This sur- 
face rests upon the right crus of the dia- 
phragm, the inferior vena cava, and the 
aorta. The cranial surface is in relation with 
the head of the pancreas. 

ASCENDING PORTION. The ascending por- 
tion (pars ascendens; fourth portion) of the 
duodenum is about 2.5 cm long. It ascends 
on the left side of the aorta as far as the level 
of the cranial border of the second lumbar 
vertebra, where it turns abruptly ventralward 
to become the jejunum and forms the 
duodenojejunal flexure. It lies ventral to the 
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Fig. 16-73. Stomach and small intestines after a barium meal. a, Barium has settled out of the fundus of the stomach: 
b, pylorus; c, eighth thoracic vertebra. (Department of Radiology, University of Pennsylvania.) 


left psoas major muscle and left renal ves- 
sels, and it is covered ventrally and partly at 
the sides by peritoneum that is continuous 
with the left portion of the mesentery. 

The superior part of the duodenum, as 
stated previously, is somewhat movable, but 
the rest is practically fixed and bound to 
neighboring viscera and the posterior ab- 
dominal wall by the peritoneum. In addi- 
tion, the duodenojejunal flexure is held in 
place by a fibrous muscular band, the mus- 
culus suspensorius duodeni or ligament of 
Treitz.| This structure commences in the 
connective tissue around the celiac artery 
and right crus of the diaphragm, and passes 
caudalward to insert into the superior bor- 
der of the duodenojejunal curve and a part 
of the ascending duodenum. It possesses, 
according to Treitz, smooth muscular fibers 


‘Wenzel Treitz (1819-1872): An Austrian physician and 
professor of anatomy and pathology (Krakow and 
Prague). 


mixed with the fibrous tissue of which it is 
principally composed (Haley and Peden, 
1943). It has little importance as a muscle, 
but acts as a suspensory ligament. 


VESSELS AND NERVES. Ihe arteries supplying the 
duodenum are the right gastric and superior 
pancreaticoduodenal branches of the hepatic artery, 
and the inferior pancreaticoduodenal branch of the 
superior mesenteric artery. 

The veins end in the lienal and superior mesen- 
teric veins. 

The nerves are derived from the celiac plexus. 


JEJUNUM AND ILEUM 


The remainder of the small intestine is 
named jejunum and ileum (Fig. 16-52), the 
former term being given to the proximal 
two-fifths and the latter to the distal three- 
fifths. There is no morphologic line of dis- 
tinction between the two and the division is 
arbitrary; the character of the intestine grad- 


ually undergoes a change so that a portion of 
the bowel taken from the first part of the je- 
junum would present characteristic and 
marked differences from the last part of the 
ileum. 

JEJUNUM. The jejunum (intestinum jeju- 
num) is wider, its diameter being about 4 cm, 
and its wall is thicker, more vascular, and of 
a deeper color than the ileum. The circular 
folds (plicae circulares; valvulae conniven- 
tes) of its mucous membrane are large and 
thickly set, and its villi are larger than those 
in the ileum. The aggregated lymph nodules 
are usually absent in the proximal part of 
the jejunum, and in the distal part they are 
found less frequently than in the ileum; they 
are also smaller and tend to assume a cir- 
cular form. By grasping the jejunum be- 
tween the finger and thumb, one can feel the 
circular folds through the walls, but this is 
not true of the lower part of the ileum; in this 
way it is possible to distinguish the upper 
from the lower part of the small intestine. 

ILEUM. The ileum is narrower, its diame- 
ter being 3.75 cm, and its coats are thinner 
and less vascular than those of the jejunum. 
It possesses few circular folds, and they are 
small and disappear entirely toward its cau- 
dal end, but aggregated Ilymph nodules 
(Peyer’s patches!) are larger and more nu- 
merous than in the jejunum. The jejunum 
for the most part occupies the umbilical and 
left iliac regions, whereas the ileum occupies 
chiefly the umbilical, hypogastric, right iliac, 
and pelvic regions. The terminal part of the 
ileum usually lies in the pelvis, from which 
it ascends over the right psoas muscle and 
right iliac vessels; it ends in the right iliac 
fossa by opening into the medial side of the 
commencement of the large intestine. 

The jejunum and ileum are attached to the 
posterior abdominal wall by an extensive 
fold of peritoneum, the mesentery, which 
allows free motion so that each coil can ac- 
commodate itself to changes in form and 
position. The mesentery is fan-shaped; its 
posterior border, or root is about 15 cm long. 
It is attached to the posterior abdominal wall 
from the left side of the body of the second 
lumbar vertebra to the right sacroiliac artic- 
ulation, crossing successively the horizontal 
part of the duodenum, the aorta, the inferior 
vena cava, the ureter, and the right psoas 


‘Johann Conrad Peyer (1653-1712): A Swiss anatomist 
(Schaffhausen). 


SMALL INTESTINE 1473 


muscle (Fig. 16-53). Its breadth between its 
vertebral and intestinal borders averages 
about 20 cm and is greater in the middle than 
at its ends. Between its two layers are blood 
vessels, nerves, lacteals, and lymph glands, 
together with a variable amount of fat. 


VARIATIONS. Meckel’s diverticulum? (diverticu- 
lum ile’) is the name given to a pouch that projects 
from the lower part of the ileum in about 2% of 
subjects. Its average position is about 1 meter proxi- 
mal to the ileocecal valve, and its average length is 
about 5 cm. Its caliber is generally similar to that of 
the ileum, and its blind extremity may be free or 
connected with the abdominal wall or some other 
portion of the intestine by a fibrous band. It repre- 
sents the remains of the proximal part of the vitelline 
duct, the duct of communication between the yolk 
sac and the primitive digestive tube in early fetal life. 


STRUCTURE OF THE SMALL INTESTINE 


The internal surface has two types of ir- 
regularities or projections that are character- 
istic of the small intestine. They are the large 
circular folds and the minute villi (Figs. 16- 
74: 16-75). 

The circular folds (plicae  circulares; 
valvulae conniventes; valves of Kerkring*) 
(Fig. 16-74) are valvelike folds that project 3 
to 10 mm into the lumen. The majority ex- 
tend transversely around the inside of the 
cylinder of the intestine for about one-half 
to two-thirds of its circumference, but others 
complete the circle or form a spiral extend- 
ing more than once around, even making 
two or three turns. The folds also have dif- 
ferent heights, with high and low ones tend- 
ing to alternate. The size and frequency of 
the folds are different in the three parts of 
the small intestine. The folds are formed by 
both the tela submucosa and the tunica mu- 
cosa. The core of submucosal connective tis- 
sue is firm, making these folds permanent 
structures that are not obliterated by disten- 
tion, as are the transient rugae of the stom- 
ach. 

The villi (Fig. 16-74) are tiny fingerlike pro- 
jections, of a size just at the borderline of 
visibility with the naked eye, which are 
crowded together over the entire mucous 


“Johann Friedrich Meckel (1781-1833): A German anato- 
mist (Halle). 


“Theodorus Kerckring (1640-1693): A German anatomist 


who worked in Amsterdam. 
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Fig. 16-74. Section through wall of small intestine (jejunum) of adult cadaver. 5 x. 


surface, giving it a velvety appearance. They 
are irregular in size and shape, are larger in 
some parts of the intestine than in others, 
and become considerably flattened by dis- 
tention of the intestine. The villi are com- 
posed entirely of tissue belonging to the tu- 
nica mucosa. 

The wall of the small intestine is com- 
posed of four coats; mucous, submucous, 
muscular, and serous. 


MUCOUS MEMBRANE. The mucous mem- 
brane is composed of the villi, the intestinal 
glands, a connective tissue framework, and 
muscularis mucosae. The surface epithelium 
covering the villi is a simple columnar type 
in which the majority of cells have a charac- 
teristic striated free border. Recent observa- 
tions with the electron microscope have 
demonstrated that the striated appearance is 
due to innumerable closely set projections of 





Fic. 16 75. A longitudinal section through the jejunum of a 24-year-old man, including section through two plicue 
circulares. c.m., circular muscle; i.g., intestinal gland; I.m., longitudinal muscle; I.n., lymphatic nodule: m.m., muscu- 
laris mucosae; p.c., plica circularis; t.m., tunica mucosa: v., villus. 15 x. (Sobotta.) 


cytoplasm that are too small (diameter 0.08 
um) to be distinguished with the best light 
microscopes. Scattered liberally among the 
striated epithelial cells are numerous mucus- 
secreting goblet cells. 

Vill, "ach villus has a core of delicate 
areolar and reticular connective tissue that 
provides a basement membrane for the epi- 
thelium and supports the rich network of 
capillary blood vessels and the usually sin- 
gle lymphatic vessel (Fig. 16-76). The lym- 
phatic capillary begins blindly near the tip 
of the villus, occupies a more or less central 
position, and opens into the lymphatic ves- 
sels in the submucosa. This central lym- 
phatic capillary is called a lacteal, the name 
having been given because it is filled with a 
white milky fluid, known as chyle, during 
the digestion of a meal rich in fat. Scattered 
single strands of smooth muscle run parallel 
with the lacteal and appear to be extensions 
of the muscularis mucosae into the villus. 

Intestinal Glands. The intestinal glands 
(crypts of Lieberktihn') are simple tubular 
glands that open into the depressions be- 
tween the villi and form a rather uniform 
layer of glandular tissue between the bases 
of the villi and the muscularis mucosae (Fig. 
16-77). The striated surface epithelium and 


'fohann Nathaniel Lieberkiihn (1711-1756): A German 
anatomist (Berlin). 
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goblet cells extend quite far down into the 
crypts, but at the bottom or fundus is a group 
of glandular secreting cells known as the 
cells of Paneth.” These cells contain large 
secretion granules that stain a bright red 
with eosin, and it is probable that they se- 
crete the digestive enzymes of the smal] in- 
testine. Mitotic divisions are frequently ob- 
served in the cells of the wall of the crypt 
and it is believed that proliferation of these 
cells replaces surface cells lost from natural 
attrition. 

Muscularis Mucosae. The muscularis 
mucosae is a thin sheet of nonstriated mus- 
cle cells, composed of inner circular and 
outer longitudinal layers at the boundary 
between the mucosa and submucosa. 

suspmucous coat. The submucous coat is 
composed of fibroelastic and areolar con- 
nective tissue. It is a strong layer, forming 
the core of the circular folds. It contains the 
blood vessels and lymphatics that supply the 
mucous membrane and, near the muscularis, 
the submucous nerve plexus of Meissner® 
(Fig. 16-78). Small collections of lympho- 
cytes and solitary lymphatic nodules may 
occur in any part of the small intestine; 


“Josef Paneth (1857-1890): An Austrian physician (Vi- 
enna). 

3George Meissner (1829-1905): A German professor of 
anatomy and physiology (Basel and Gottingen). 
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Villi of small intestine, showing blood vessels and lymphatic vessels. (Cadiat.) 
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Fic. 16-77. Intestinal glands (crypts of Lieberkiihn) 
from human duodenum. b.m., Basement membrane; e.p., 
epithelium; g.c., goblet cell; lym., lymphocyte; m.c., mast 
cell; mi., mitosis; s.b., striated border; s.c., glandular se- 
creting cell (Paneth cell); t.p., tunica propria. 300 x. 
(Sobotta.) 


groups of nodules, known as Peyer's patches, 
occur in the ileum. The lymphatic nodules 
usually occupy the submucosa, infiltrate 
the muscularis mucosae, and extend out to 
the free surface, often appearing to obliter- 
ate some of the villi (Fig. 16-81). 

muscutar coat. The muscular coat is 
composed of the usual two layers in the ali- 
mentary tube: outer longitudinal and inner 
circular. Between these two layers is a net of 
nervous tissue containing nonmyelinated 
nerve fibers and ganglion cells (Fig. 16-79) 
known as the myenteric or Auerbach’s 


Fic. 16-78. The nerve plexus of the submucosa from 
the rabbit. 50 x. 


plexus.’ The muscularis is somewhat thicker 
in the proximal than in the distal part of the 
intestine. 

SEROUS COoaT. The serous coat is com- 
posed of the peritoneum and the areolar 
connective tissue connecting it to the muscu- 
lar coat. The small intestine is covered by 
peritoneum except along the narrow strip or 
border attached to the mesentery and the 
retroperitoneal parts of the duodenum. 

SPECIALFEATURES. Duodenum. The circu- 
lar folds are not found in the first 2.5 to 5 
cm beyond the pylorus, but in the descend- 
ing part, distal to the openings of the bile 
and pancreatic ducts, they are especially 
large and numerous. The villi are also espe- 
cially large and numerous in the duodenum. 
The common bile duct and the pancreatic 
duct pierce the left side of the descending 
portion about 7 to 10 cm from the pylorus 
(Fig. 16-108). At the opening of the ducts 
there is a thickening of their muscle coats 
commonly called the sphincter of Oddi? 
(sphincter ampullae hepatopancreaticae) 
which usually causes a protrusion, the pa- 
pilla of Vater, at the proximal end of a lon- 
gitudinal fold. There is a slight depression 


‘Leopold Auerbach (1828-1897): A German professor of 
neuropathology (Breslau). 

“Ruggero Oddi (19th century): An Italian physiologist 
(Perugia). 

*Abraham Vater (1684-1751): A German professor of 
anatomy (Wittenberg). 
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Fic. 16-79, The myenteric plexus from the rabbit. 50 x. 


and absence of the circular folds around the 
papilla (Fig. 16-80). 

The duodenal glands (Brunner’s glands!) 
differ from the other intestinal glands be- 
cause they occupy the submucosa. The usual 
intestinal glands or crypts are found in the 
duodenum, and the ducts from the duodenal 
glands, after penetrating the muscularis 
mucosae, open into the bottoms of occa- 
sional crypts. The duodenal glands are com- 
pound tubuloalveolar glands; they resemble 
the pyloric glands of the stomach but are 
larger and, as mentioned, lie in the submu- 
cosa. The cells stain lightly in histologic 
preparations, but they give some of the reac- 
tions of mucus. The duodenal glands are 
largest and most numerous near the pylorus, 
forming there a rather thick complete layer, 
but they diminish in the horizontal portion 
and disappear near the duodenojejunal 
junction. 

Jejunum. ‘The circular folds and villi are 
almost as large and numerous in the proxi- 
mal part of the jejunum as in the duodenum, 
but they gradually decrease in size and num- 
ber toward the ileum. 

/leum. The circular folds and villi are 
smaller and less numerous in the ileum than 
in the jejunum, and toward the terminal part 
the folds may be widely scattered or even 
lacking. 

Aggregated lymphatic nodules or Peyer’s 
patches (Peyer’s glands; tonsillae intesti- 
nales) are groups of lymphatic nodules 
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\Johann Konrad Brunner (1653-1727): A German profes- 
sor of anatomy (Heidelberg and Strassburg), 


fe oo 
| ECON 
ee a Tis AN WY — SAN 
ate Sie Bx ~ = 


tn - le 





SMALL INTESTINE 1477 


spread out as a single layer in the mucous 
membrane of the wall of the ileum opposite 
the mesenteric attachment (Fig. 16-81). The 
patches are circular or oval, approximately 1 
cm wide, and may extend along the intestine 
for 3 to 5 cm. They are largest and most fre- 
quent in the distal ileum but are occasion- 
ally seen even in the jejunum. They can be 
recognized in gross specimens at autopsy as 
thickened whitish patches in which circular 
folds are absent and the villi are sparse or 
lacking. In the dissecting room, where the 
subjects are usually of advanced age, the 
patches are difficult to identify because of 
the atrophy of the lymphatic tissue that oc- 
curs in older individuals. 


VESSELS AND NERVES The jejunum and ileum are 
supplied by the superior mesenteric artery, the in- 
testinal branches of which, having reached the at- 
tached border of the bowel, run between the serous 
and muscular coats with frequent inosculations to 
the free border, where they also anastomose with 
other branches running around the opposite surface 
of the gut. From these vessels numerous branches 
are given off that pierce the muscular coat, supply- 
ing it and forming an intricate plexus in the submu- 
cous tissue. From this plexus minute vessels pass to 
the glands and villi of the mucous membrane. The 
veins have a course and arrangement similar to that 
of the arteries. 

The lymphatics of the small intestine (lacteals) 
are arranged in two sets, those of the mucous mem- 
brane and those of the muscular coat. The lymphat- 
ics of the villi commence in these structures in the 
manner described above. They form an intricate 
plexus in the mucous and submucous tissue and are 
joined by the lymphatics from the lymph spaces at 
the bases of the solitary nodules; from this they pass 
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Fic. 16-80. Mucous membrane of the descending portion of the duodenum, showing the plica longitudinalis and the 


duodenal papilla (of Vater). (Redrawn from Spalteholz.) 
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Fic. 16-81. Vertical section of a human aggregated lymphatic nodule, injected through its lymphatic canals. a, Villi 
with their chyle passages. b, Intestinal glands. c, Muscularis mucosae. d, Cupola or apex of solitary nodule. e, Mesial 
zone of nodule. f, Base of nodule. g, Points of exit of the lacteals from the villi and entrance into the true mucous 
membrane, h, Retiform arrangement of the lymphatics in the mesial zone. i, Course of the latter at the base of the 
nodule. k, Confluence of the lymphatics opening into the vessels of the submucous tissue. |, Follicular tissue of the 


latter. 


to larger vessels at the mesenteric border of the gut. 
The lymphatics of the muscular coat are situated to a 
great extent between the two layers of muscular fi- 
bers, where they form a close plexus; throughout 
their course they communicate freely with the lym- 
phatics from the mucous membrane, and empty in 
the same manner as these into the origins of the 
lacteal vessels at the attached border of the gut. 

The nerves of the small intestine are derived from 
the plexuses of autonomic nerves around the supe- 
rior mesenteric artery. They represent cranial para- 
sympathetic fibers of the vagus and postganglionic 
sympathetic fibers from the celiac plexus. From this 
source they run to the myenteric plexus 
(Auerbach’s plexus) (Fig. 16-79) of nerves and gan- 
glia situated between the circular and longitudinal 
muscular fibers, from which the nervous branches 
are distributed to the muscular coats of the intestine. 
From this a secondary plexus, the plexus of the 
submucosa (Me/ssner’s plexus) (Fig. 16-78) is de- 
rived, formed by branches that have perforated the 
circular muscular fibers. This plexus lies in the sub- 
mucous coat of the intestine; it also contains ganglia 
from which nerve fibers pass to the muscularis mu- 
cosae and to the mucous membrane. The nerve bun- 
dles of the submucous plexus are finer than those of 
the myenteric plexus. 


Large Intestine 


The large intestine (intestinum crassum) 
(Figs. 16-52; 16-53; 16-82; 16-83) extends from 
the ileum to the anus. It is about 1.5 meters 


long, being one-fifth of the whole extent of 
the intestinal canal. Its caliber, when not 
unduly distended with feces, is largest at 
its commencement at the cecum and gradu- 
ally diminishes as far as the rectum, where 
there is a dilatation of considerable size just 
above the anal canal. It differs from the small 
intestine in several ways: it has a sac- 
culated form; it possesses certain append- 
ages on its external coat, the appendices 
epiploicae; and its longitudinal muscular fi- 
bers are arranged in three longitudinal 
bands or taeniae. 

The large intestine describes an arch 
around the convolutions of the small intes- 
tine. It commences in the right iliac region, 
ascends through the right lumbar and hypo- 
chondriac regions to the caudal surface of 
the liver, and there bends to the left to form 
the right colic flexure. It passes transversely 
across the epigastric and umbilical regions 
to the left hypochondriac region, where it 
bends caudalward, forming the left colic 
flexure, and descends through the left lum- 
bar and iliac regions toward the pelvis. 
in the left iliac region it forms the sigmoid 
flexure, and from this it is continued along 
the posterior wall of the pelvis to the anus. 
The large intestine is divided into the ce- 
cum, appendix, colon, rectum, and anal 
canal. 
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Fic. 16-82. Large intestine after a barium enema. 1, Right colic flexure; 2, left colic flexure. The arrow points to the 
pelvic colon. Note the sacculations of the gut, and the different levels of the two flexures. 


CECUM 


The cecum (intestinum caecum) (Fig. 16- 
84), the commencement of the large intes- 
tine, is the large blind pouch extending cau- 
dalward beyond the ileocecal valve. Its size 
is estimated variously by different authors, 
but on an average it is 6.25 cm long and 7.5 
cm wide. It is situated in the right iliac fossa, 
cranial to the lateral half of the inguinal liga- 
ment. It rests on the iliacus muscle and usu- 
ally lies in contact with the ventral abdomi- 
nal wall, but the greater omentum and some 
coils of small intestine, if the cecum is 
empty, may lie ventral to it. 

The common position of the cecum in the 
erect living body is not in the right iliac fossa 
but in the cavity of the true pelvis. As a rule, 
it is enveloped entirely by peritoneum, but 
in 5% of cases, part of the posterior surface is 
connected to the iliac fascia by connective 
tissue. The cecum lies quite free in the ab- 
dominal cavity and enjoys a considerable 
amount of movement, so that it may become 
herniated into the right inguinal canal, and 


occasionally it has been found in an inguinal 
hernia on the left side. 

The cecum varies in shape, but according 
to Treves, in man it may be classified as one 
of four types. In the first of his four types 
(about 2%), the cecum is conical and the ap- 
pendix rises from its apex. The three longi- 
tudinal bands start from the appendix and 
are equidistant from each other. In the sec- 
ond type, the conical cecum has become 
quadrate because a saccule has grown out 
on either side of the anterior longitudinal 
band. These saccules are of equal size, and 
the appendix arises from between them, in- 
stead of from the apex of a cone (about 3%). 

The third type is the normal type in man. 
In this case, the two saccules, which in the 
second type are uniform, have grown at un- 
equal rates: the right with greater rapidity 
than the left. Consequently, an apparently 
new apex is formed by the caudalward 
growth of the right saccule, and the original 
apex, with the appendix attached, is pushed 
over to the left toward the ileocecal junction. 
The three longitudinal bands still start from 
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Fic. 16-83. Part of the large intestine after a barium meal. Note the vermiform appendix, which passes from the 
medial side of the cecum medially and slightly downward into the true pelvis. At a slightly higher level the terminal 
part of the ileum can be recognized. The first part of the transverse colon runs downward in front of, and slightly 


medial to, the ascending colon, before it turns to the left. 
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Fig. 16-84. The cecum and appendix, with their arteries. 


the base of the vermiform appendix, but 
they are no longer equidistant from each 
other because the right saccule has grown 
between the anterior and posterior bands, 
pushing them over to the left. This type oc- 
curs in about 90% of persons. The fourth 
type is merely an exaggerated condition of 
the third; the right saccule is still larger and 
at the same time the left saccule has become 
atrophied, so that the original apex of the 
cecum, with the vermiform appendix, is 
close to the ileocecal junction, and the ante- 
rior band courses medialward to the same 
location (about 4%). 

VERMIFORM APPENDIX. The vermiform ap- 
pendix (processus vermiformis) (Fig. 16-85) 
is a long, worm-shaped tube, 5 to 10 mm 
in diameter, which starts from what was 
originally the apex of the cecum. It may 
project in one of several directions: cranial- 
ward behind the cecum: to the left behind 
the ileum and mesentery: or caudalward into 
the lesser pelvis. It varies from 2 to 20 cm in 
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length, its average being about 8 cm. It is sus- 
pended by a peritoneal mesenteriole derived 
from the left leaf of the mesentery, which is 
more or less triangular in shape and usually 
extends along the entire length of the tube. 
Between its two layers and close to its free 
margin lies the appendicular artery (Fig. 
16-84). 

The lumen of the vermiform appendix is 
small, extends throughout the whole length 
of the tube, and communicates with the 
cecum by an orifice distal to the ileocecal 
opening. It is sometimes guarded by a semi- 
lunar valve formed by a fold of mucous 
membrane, but this is by no means constant. 

ILEOCECAL VALVE. The ileum ends by 
opening into the medial part of the large in- 
testine, at the junction of the cecum with the 
colon. The opening is guarded by a valve, 
the ileocecal valve (Fig. 16-85), which con- 
sists of two segments or lips that project into 
the lumen of the large intestine. If the intes- 
tine has been inflated and dried, the lips 


--Ascending colon 






. (Valve of appendix 
vermiformis) 


Fic. 16-85. The cecum, colic valve, and vermiform appendix, with anterior wall of terminal ileum and cecum 


removed. (Eycleshymer and Jones.) 
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have a semilunar shape, one toward the 
colon, the other toward the cecum. At the 
ends of the aperture the two segments of the 
valve coalesce and continue as narrow mem- 
branous ridges around the canal for a short 
distance, forming the frenula of the valve. In 
the fresh condition or in specimens that 
have been hardened in situ, the lips project 
as thick cushion-like folds into the lumen of 
the large gut; the opening between them may 
have the appearance of a slit or may be 
somewhat oval. 


COLON 


The colon is divided into four parts: the 
ascending, transverse, descending, and sig- 
moid. 

ASCENDING COLON. The ascending colon 
passes cranialward from its commencement 
at the cecum to the caudal surface of the 
right lobe of the liver, where it is lodged in a 
shallow depression, the colic impression, to 
the right of the gallbladder; here it bends 
abruptly to the left, forming the right colic 
(hepatic) flexure (Fig. 16-53). It does not have 
a mesentery but is kept in contact with the 
posterior wall of the abdomen by the perito- 
neum, which covers its ventral surface and 
sides. Its dorsal surface is connected by 
loose areolar tissue with the iliacus and 
quadratus lumborum muscles, with the apo- 
neurotic origin of transverse abdominal 
muscle, and with the ventral and lateral part 
of the right kidney. It is in relation, ventrally, 
with the convolutions of the ileum and the 
abdominal wall. 

TRANSVERSE COLON. The transverse colon, 
the longest and most movable part of the 
colon. passes from the right colic flexure in 
the right hypochondriac region across the 
abdomen into the left hypochondriac region, 
where it curves sharply on itself beneath the 
caudal end of the spleen, forming the left 
colic (splenic) flexure. The transverse colon 
is festooned caudalward 7.5 to 10 cm below 
the interiliac line in most males in the erect 
posture, and 10 to 12.5 cm below in most 
females. It is completely invested by perito- 
neum, except for the transverse mesocolon, 
which is connected to the inferior border of 
the pancreas by a large duplicature of that 
membrane. It is in relation, by its cranial 
surface, with the liver and gallbladder, the 
greater curvature of the stomach, and the 


spleen; by its caudal surface, with the small 
intestine; and by its ventral surface, with the 
anterior layers of the greater omentum and 
the abdominal wall. Its dorsal surface is in 
relation from right to left with the descend- 
ing portion of the duodenum, the head of the 
pancreas, and some of the convolutions of 
the jejunum and ileum. 

The left colic or splenic flexure (Fig. 16-53) 
occurs at the junction of the transverse and 
descending parts of the colon, and is in rela- 
tion with the caudal end of the spleen and 
the tail of the pancreas. The flexure is so 
acute that the end of the transverse colon 
usually lies in contact with the front of the 
descending colon. Its position is more cra- 
nial and posterior to that of the right colic 
flexure. It is attached to the diaphragm op- 
posite the tenth and eleventh ribs by a peri- 
toneal fold, named the phrenicocolic liga- 
ment, which also assists in supporting the 
spleen. 

DESCENDING COLON. The _ descending 
colon passes caudalward through the left 
hypochondriac and lumbar regions along 
the lateral border of the left kidney. At the 
caudal end of the kidney it turns medialward 
toward the lateral border of the psoas mus- 
cle and then descends, in the angle between 
the psoas and the quadratus lumborum mus- 
cles, to the crest of the ilium, where it be- 
comes the iliac colon. The peritoneum cov- 
ers its ventral surface and sides, while its 
dorsal surface is connected by areolar tissue 
with the caudal and lateral part of the left 
kidney, with the aponeurotic origin of the 
transversus abdominis, and with the quadra- 
tus lumborum muscle (Fig. 16-55). It is smaller 
in caliber and placed more deeply than the 
ascending colon and its posterior surface is 
more covered with peritoneum than is the 
ascending colon. 

The part of the descending colon in the 
left iliac fossa may be called the iliac colon 
(Fig. 16-86). It is about 12 to 15 cm long. It 
begins at the level of the iliac crest, and ends 
in the sigmoid colon al the superior aperture 
of the lesser pelvis. It curves medialward 
ventral to the iliopsoas muscle and is cov- 
ered by peritoneum on its sides and anterior 
surface only. 

SIGMOID COLON. The sigmoid colon (pel- 
vic colon; sigmoid flexure) (Fig. 16-86) forms 
a loop that averages about 40 cm in length 
and normally lies within the pelvis, but be- 
cause of its freedom of movement, it may be 
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Fic. 16-86. 
bladder. 


displaced into the abdominal cavity. It be- 
gins at the superior aperture of the lesser 
pelvis, where it is continuous with the iliac 
colon and forms one or two loops before it 
reaches the level of the third piece of the 
sacrum, where it bends downward and ends 
in the rectum. It is completely surrounded 
by peritoneum and is attached to the pelvic 
wall by an extensive mesentery, the sigmoid 
mesocolon, which gives it a considerable 
range of movement in its central portion. 
Dorsal to the sigmoid colon are the external 
iliac vessels, the left piriformis muscle, and 
the left sacral plexus of nerves; ventrally, 
some coils of the small intestine separate it 
from the bladder in the male and from the 
uterus in the female. 


RECTUM 


The rectum (Fig. 16-87) is continuous with 
the sigmoid colon at the level of the third 
sacral vertebra; it passes caudalward, lying 
in the sacrococcygeal curve, and ends in the 
anal canal. It has two dorsoventral curves: a 
cranial, with its convexity dorsalward, and a 
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caudal, with its convexity ventralward. Two 
lateral curves are also described, one to the 
right, opposite the junction of the third and 
fourth sacral vertebrae, and the other to the 
left, opposite the left sacrococcygeal articu- 
lation; these, however, are of little impor- 
tance. The rectum is about 12 cm long, and at 
its commencement its caliber is similar to 
that of the sigmoid colon, but near its termi- 
nation it is dilated to form the rectal am- 
pulla. 

The rectum has no sacculations compara- 
ble to the haustrae of the colon, but when 
the lower part is contracted, its mucous 
membrane is thrown into longitudinal folds. 
There are certain permanent transverse 
folds that have a semilunar shape, plicae 
transversales recti (Houston's valves’) (Fig. 
16-88). Usually there are three of these folds, 
but sometimes a fourth and occasionally 
only two are present. One is situated near 
the commencement of the rectum, on the 
right side; a second, about 3 cm beyond the 
first, extends inward from the left side of the 
tube; a third, the largest and most constant, 


‘John Houston (1802-1845): An Irish surgeon (Dublin). 
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Fic. 16-87. The posterior aspect of the rectum exposed by removing the lower part of the sacrum and the coccyx. 


projects dorsalward, opposite the fundus of 
the urinary bladder. When a fourth is pres- 
ent. it is situated nearly 2.5 cm above the 
anus on the left and posterior wall of the 
tube. These folds are about 12 mm wide and 
contain some of the circular fibers of the gut. 
In the empty state of the intestine they over- 
lap each other, as Houston remarks, ‘so ef- 
fectually as to require considerable maneu- 
vering to conduct a bougie or finger along 
the canal.” Their function seems to be “to 
support the weight of fecal matter, and pre- 
vent its urging toward the anus. where its 
presence always excites a sensation de- 
manding its discharge.” 

The peritoneum covers the ventral and 
lateral surface of the proximal two-thirds of 
the rectum, but distally it covers the ventral 
surface only, from which it is reflected onto 


the seminal vesicles in the male and the pos- 
terior vaginal wall in the female. 

The level at which the peritoneum is re- 
flected from the rectum to the viscus ventral 
to it has considerable surgical importance in 
connection with the removal of the distal 
part of the rectum. In the male, the distance 
of the rectovesical excavation from the anus 
is about 7.5 cm (i.e, the height to which an 
ordinary index finger can reach). In the fe- 
male, the rectouterine excavation is about 
9.0 Cm from the anal orifice. The rectum is 
surrounded by dense fascia loosely attached 
to the rectal wall by areolar tissue, that is. 
there is a fascial cleft that allows distention. 


RELATIONS OF THE RECTUM, he proximal part of 
the rectum is in relation, dorsally, with the superior 


rectal vessels, the left piriformis muscle, and the left 
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Fic. 16-88. Coronal section of the rectum and anal canal 
showing the internal surface. (Redrawn after Sobotta.) 


sacral plexus of nerves, which separate it from the 
pelvic surfaces of the sacral vertebrae; in its distal 
part it lies directly on the sacrum, coccyx, and 
levatores ani muscle, a dense fascia alone interven- 
ing. Ventrally, it is separated, in the male, from the 
fundus of the bladder and in the female, from the 
intestinal surface of the uterus and its appendages 
by some convolutions of the small intestine and fre- 
quently by the sigmoid colon. In the male, it ts in 
relation with the triangular portion of the fundus of 
the bladder, the vesiculae seminales, the ductus 
deferentes, and more anteriorly the posterior surface 
of the prostate; in the female, it is in relation with the 
posterior wall of the vagina. 


ANAL CANAL 


The anal canal (Figs. 16-87; 16-91; 16-92), or 
terminal portion of the large intestine, be- 
gins where the ampulla of the rectum nar- 
rows (at the level of the apex of the prostate 
in the male) and ends at the anus. It meas- 
ures 2.5 to 4 cm long and forms an angle with 
the lower part of the rectum. It has no perito- 
neal covering, but is invested by the sphinc- 
ter ani internus, supported by the levatores 
ani, and surrounded at its termination by the 
sphincter ani externus. Dorsal to it is a mass 
of muscular and fibrous tissue, the anococ- 
cygeal body; ventral to it, in the male, but 
separated by the perineal center, are the 
membranous portion of the urethra and bulb 
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of the penis and the fascia of the urogenital 
diaphragm. In the female it is separated from 
the lower end of the vagina by a mass of 
muscular and fibrous tissue named the peri- 
neal body. 

The proximal half of the anal canal has 
vertical folds produced by an infolding of 
the mucous membrane around a plexus of 
veins, known as the rectal columns (of Mor- 
gagni!; Fig. 16-88). They are separated from 
each other by furrows (rectal sinuses), 
which end distally in small valve-like folds, 
termed anal valves, which join together the 
distal ends of the rectal columns. When 
these columns are swollen and inflamed, 
they are known as hemorrhoids. 


STRUCTURE OF THE LARGE INTESTINE 


The wall of the cecum and colon has cer- 
tain characteristic folds and irregularities 
that show up most prominently on the inter- 
nal surface. Unlike those in the small in- 
testine, these folds include all four layers 
and may be seen on the external surface. 
The longitudinal bands of the muscular coat, 
which are described below, cause a pucker- 
ing of the wall, so that between them it 
bulges into sacculations called haustrae. The 
wall between the haustrae is thrown into 
folds that have a crescentic form on the inte- 
rior of the colon and are called the semilu- 
nar folds, in contrast with the circular folds 
of the small intestine. 

The large intestine has four coats: mucous, 
submucous, muscular, and serous. 

MUCOUS COAT. The mucous coat is 
smooth, that is, devoid of villi, and covers 
the inner surface of haustrae and semilunar 
folds in a coat of uniform thickness. The sur- 
face is covered with simple columnar epi- 
thelium containing large numbers of goblet 
cells. The glands of the large intestine are 
simple, straight, tubular glands containing 
the same type of epithelium as the surface; 
they are packed closely together and they 
open on the surface in tiny round holes that 
can readily be seen with a hand lens (Fig. 
16-89). There is a delicate muscularis muco- 
sae composed of inner circular and outer 
longitudinal fibers. Collections of lympho- 
cytes and solitary lymphatic nodules occur 


'Giovanni Battista Morgagni (1682-1771): An Italian pro- 
fessor of anatomy (Padua). 
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Fic. 16-89. Section through colon of adult cadaver. 5 x. 


frequently, especially near the colic valve 
and in the rectum. 

SUBMUCOUS CoAT. The submucous coat is 
a rather uniform layer of areolar tissue con- 
taining blood and lymphatic vessels and 
connecting the mucosa with the muscularis. 

MUSCULAR COAT. The muscular coat is 
composed of the usual inner circular and 
outer longitudinal layers of nonstriated 
muscle. 

The circular fibers form a thin layer over 
the cecum and colon, which is somewhat 
thickened in the semilunar folds between 
the haustrae, uniformly thickened in the rec- 
tum, and in the anal canal, constitutes the 
strong circular nonstriated muscle, the 
sphincter ani internus. 

The longitudinal muscle fibers are concen- 
trated into three longitudinal bands that are 
equally spaced and about 12 mm wide. They 
are easily seen in a gross specimen (Fig. 16- 
53) and are called taeniae coli. They have 
specific positions in relation to the position 
of the colon itself: (1) the posterior taenia is 
placed along the attached border; (2) the an- 
terior taenia is easily visible on the exposed 
surface of the ascending and descending 
colon, but is covered by the attachment of 
the greater omentum on the _ transverse 
colon; and (3) the lateral taenia is found on 
the medial side of the ascending and de- 
scending colon and on the dorsal aspect of 
the transverse colon. The anterior taenia is a 
useful guide for locating the position of the 
appendix vermiformis, because the latter is 
a direct extension from it (Fig. 16-84). 

The taeniae are shorter than the other 


coats of colon and cecum, causing the inter- 
vening wall to bulge into the sacculations 
known as haustrae which are typical of this 
part of the intestine (Fig. 16-52) and are re- 
sponsible for the deep depressions in its out- 
line in roentgenograms (Fig. 16-83). Between 
adjacent haustrae are the crescentic folds or 
plicae semilunares, which encroach on the 
lumen of the intestine. 

SEROUS COAT. The serous coat, derived 
from the peritoneum, is complete over the 
cecum, appendix, transverse colon, and sig- 
moid colon except for their mesenteric at- 
tachments. It is incomplete on the rectum 
and on the ascending and descending colons 
where they are attached to the posterior ab- 
dominal wall. 

SPECIAL FEATURES. //leocecal Valve. Each 
lip of the valve is formed by a reduplication 
of the mucous membrane and the circular 
muscular fibers of the intestine. The longitu- 
dinal fibers and peritoneum are continued 
uninterruptedly from the small to the large 
intestine. 

The surfaces of the valve directed toward 
the ileum are covered with villi and have the 
characteristic structure of the mucous mem- 
brane of the small intestine, while those 
turned toward the large intestine are desti- 
tute of villi and are marked with the orifices 
of the numerous tubular glands peculiar to 
the mucous membrane of the large intestine. 
These differences in structure continue as 
far as the free margins of the valve. It is gen- 
erally maintained that this valve prevents 
reflux from the cecum into the ileum, but in 
all probability it acts as a sphineter around 


the end of the ileum and prevents the con- 
tents of the ileum from passing too quickly 
into the cecum. 

Appendices Epiploicae. The appendices 
epiploicae are characteristic features of the 
large intestine and may be used for its iden- 
tification. They are small, round, irregular 
masses of fat, that average 0.5 to 1.0cm in 
diameter, are almost completely covered by 
peritoneum, and are suspended from the 
surface of the colon and cecum by slender 
stalks (Fig. 16-89). They are usually attached 
along the taeniae, and are most numerous on 
the transverse colon. 

Vermiform Appendix or Process. The 
appendix has the same four coats as the 
colon. The epithelial lining and the glands 
are similar, but the glands are much fewer 
and the mucosa and submucosa are much 
thickened and almost entirely occupied by 
lymphatic nodules and lymphocytes (Fig. 
16-90). The longitudinal fibers of the tunica 
muscularis are evenly distributed, not ar- 
ranged into taeniae as in the colon, and the 
circular muscle is more prominent than the 
longitudinal. 

Rectum. The mucous membrane in the 
rectum is thicker and more vascular than 
that in the colon and is more loosely at- 
tached to the muscularis, as in the esopha- 
gus. The longitudinal fibers of the tunica 
muscularis are spread out into a layer that 
completely surrounds the rectum but is 
thicker on the anterior and posterior walls. 
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Anal Canal. The mucous membrane in 
the anal canal is thick and vascular. Beneath 
the longitudinal folds or rectal columns of 
Morgagni are dilated veins, often knotted 
and tortuous, where the tributaries of the 
superior and inferior rectal veins anasto- 
mose. The epithelium changes abruptly at 
about 1.5 to 2 cm above the anal opening; the 
transition is marked by a white line, below 
which the epithelium is stratified squamous 
that is continuous with the skin. In the re- 
gion of this line are the openings of the anal 
glands, which are greatly enlarged, modified 
skin glands (Fig. 16-91). 

The proper circular muscle layer, continu- 
ous with that of the rectum, is greatly thick- 
ened in the anal canal, forming the nonstri- 
ated internal anal sphincter (sphincter ani 
internus). In the tissue surrounding the anus 
is a circular ring of striated muscle, the ex- 
ternal anal sphincter, and diverging from 
this to the walls of the pelvis is the levator 
ani. Just beneath the integument at the anal 
orifice is a more delicate striated muscle, the 
corrugator cutis ani; its fibers are closely as- 
sociated with the tributaries of the inferior 
rectal veins draining the plexuses in the rec- 
tal columns, and spasm of its fibers may seri- 
ously retard the venous drainage. 


VESSELS AND NERVES (Fig. 16-92). The arteries 
supplying the colon are derived from the colic and 
sigmoid branches of the mesenteric arteries. They 
give off large branches that ramify between and sup- 
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Fic. 16-90. Transverse section of human appendix. 20 x. 
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Fic. 16-91. Section of the rectum and anus of an adult cadaver. Lightly stained with hematoxylin. 5 x. 


ply the muscular coats and, after dividing into small 
vessels in the submucous tissue, pass to the mucous 
membrane. The rectum is supplied by the superior 
rectal branch of the inferior mesenteric artery, and 
the anal canal is supplied by the middle rectal 
branch from the internal iliac artery and the inferior 
rectal branch from the internal pudendal artery. The 
superior rectal artery, the continuation of the inferior 
mesenteric, divides into two branches that run down 
either side of the rectum to within about 12.5 cm of 
the anus; they here split up into about six branches, 
which pierce the muscular coat and descend be- 
tween it and the mucous membrane in the longitudi- 
nal direction, parallel with each other as far as the 


sphincter ani internus, where they anastomose with 
the other rectal arteries and form a series of loops 
around the anus. 

The veins of the rectum commence in a plexus of 
vessels that surrounds the anal canal. In the vessels 
forming this plexus are smaller saccular dilatations 
just within the margin of the anus; from the plexus 
about six large vessels are given off. These ascend 
between the muscular and mucous coats for about 
12.5 cm, running parallel to each other; they then 
pierce the muscular coat (Fig. 16-92) and unite to 
form a single trunk, the superior rectal vein. This 
arrangement is termed the rectal or hemorrhoidal 
plexus; it communicates with the tributaries of the 
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Fic. 16-92. The blood supply of the rectum. A portion of the anterior wall has been cut away to show the rectal 
columns and the internal rectal (hemorrhoidal) plexus. (Eycleshymer and Jones.) 


middle and inferior rectal veins at its commence- 
ment, thus establishing a communication between 
the systemic and portal circulations. 

The lymphatics of the large intestine are de- 
scribed in Chapter 10. 

The nerves to the region of the colon supplied by 
the superior mesenteric artery are derived in the 
Same manner as those for the small intestine; nerves 
to the more distal portions of the colon and to the 
rectum are derived from sympathetic and sacral par- 
asympathetic fibers through the inferior mesenteric 
and hypogastric plexuses. They are distributed in a 
similar way to those found in the small intestine. 


The Liver 


The liver (hepar), the largest gland in the 
body, is situated in the cranial and right 
parts of the abdominal cavity, occupying 


almostthe whole of the right hypochondrium, 
the greater part of the epigastrium, and not 
uncommonly extending into the left hypo- 
chondrium as far as the mammary line. 
DEVELOPMENT OF THE LIVER. The liver 
arises in the form of a diverticulum or hol- 
low outgrowth from the ventral surface of 
that portion of the primitive gut which after- 
ward becomes the descending part of the 
duodenum (Fig. 16-93). This diverticulum is 
lined by entoderm; it grows cranialward and 
ventralward into the septum transversum, 
which is a mass of mesoderm between the 
vitelline duct and the pericardial cavity. 
Two solid buds of cells that extend into the 
tisues represent the right and the left lobes 
of the liver. The solid buds of cells grow into 
columns or cylinders, termed the hepatic 
cylinders, which branch and anastomose to 
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Fic. 16-93. Liver with the septum transversum. Human embryo 3 mm long. (After model and figure by His.) 


form a close meshwork. This network pro- 
ceeds to invade the vitelline and umbilical 
veins, and eventually breaks up these vessels 
into a series of capillary-like vessels that 
ramify in the meshes of the cellular network 
and ultimately form the sinusoids of the 
liver. 

The continued growth and ramification of 
the hepatic cylinders gradually produce the 
mass of the liver. The original diverticulum 
from the duodenum becomes the common 
bile duct, and from this the cystic duct and 
gallbladder arise as a solid outgrowth that 
later acquires a lumen. The opening of the 
common duct is at first in the ventral wall of 
the duodenum; later, owing to the rotation of 
the gut, the opening is carried to the left and 
then dorsalward to the position it occupies 
in the adult. 

As the liver undergoes enlargement, both 
it and the ventral mesogastrium of the fore- 
gut are gradually differentiated from the sep- 
tum transversum, and the liver projects cau- 
dalward into the abdominal cavity from the 
caudal surface of the septum transversum. 
By the growth of the liver, the ventral meso- 
gastrium is divided into two parts, of which 
the ventral part forms the falciform and cor- 
onary ligaments and the dorsal part forms 
the lesser omentum. About the third month 
the liver almost fills the abdominal cavity, 
and its left lobe is nearly as large as its right. 


From this period the relative development of 
the liver is less active, especially that of the 
left lobe, which actually undergoes some 
degeneration and becomes smaller than the 
right, but up to the end of fetal life the liver 
remains relatively larger than in the adult. 

The adult liver, in the male, weighs 1.4 to 
1.6 kg; in the female, 1.2 to 1.4 kg. It is rela- 
tively much larger in the fetus than in the 
adult, constituting in the former about one- 
eighteenth, and in the latter about one 
thirty-sixth of the entire body weight. Its 
greatest transverse measurement is 20 to 
22.5 cm. Vertically, near its lateral or right 
surface, it measures about 15 to 17.5 cm: its 
greatest dorsoventral diameter, of 10 to 
12.5 cm, is on a level with the cranial end of 
the right kidney. Opposite the vertebral col- 
umn this measurement is reduced to about 
7.5 cm. Its consistency is that of a soft solid; 
it is friable, easily lacerated and highly vas- 
cular; its color is dark reddish brown, and its 
specific gravity is 1.05. 

The liver is irregularly hemispherical in 
shape, with an extensive, relatively smooth, 
convex diaphragmatic surface and a more 
irregular concave visceral surface. The dia- 
phragmatic surface has four parts: ventral, 
superior, dorsal, and right. The human liver 
has four lobes: a large right lobe, a smaller 
left lobe, and much smaller caudate and 
quadrate lobes. 


SURFACES AND BORDERS 


DIAPHRAGMATIC SURFACE. The diaphrag- 
matic surface has the following portions: 
ventral, superior, dorsal, and right. 

The ventral or anterior portion (Fig. 16-94) 
is separated by the diaphragm from the sixth 
to tenth ribs and their costal cartilages on 
the right side and from the seventh and 
eighth cartilages on the left. In the median 
region it lies dorsal to the xyphoid process 
and that part of the muscular anterior ab- 
dominal wall between the diverging costal 
margins. It is completely covered by perito- 
neum except along the line of attachment of 
the falciform ligament. 

The superior portion (Fig. 16-95) is sepa- 
rated by the dome of the diaphragm from the 
pleura and lungs on the right and from the 
pericardium and heart on the left. The area 
near the heart is marked by a shallow con- 
cavity, the cardiac fossa or impression. The 
surface is mostly covered by peritoneum, 
but along its dorsal part it is attached to the 
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diaphragm by the superior reflection of the 
coronary ligament which separates the part 
covered with peritoneum from the so-called 
bare area. 

The dorsal or posterior portion (Fig. 16-95) 
is broad and rounded on the right but nar- 
row on the left. The central part presents a 
deep concavity that is molded to fit against 
the vertebral column and crura of the dia- 
phragm; close to the right of this concavity 
the inferior vena cava lies almost buried in 
its fossa. Two or three centimeters to the left 
of the vena cava is the narrow fossa for the 
ductus venosus. The caudate lobe lies be- 
tween these two fossae. To the right of the 
vena Cava and partly on the visceral surface 
is a small triangular depressed area, the su- 
prarenal impression, for the right suprarenal 
gland. To the left of the fossa for the ductus 
venosus is the esophageal groove for the an- 
trum cardiacum of the esophagus. 

A large part of the dorsal portion of the 
diaphragmatic surface is not covered by per- 
itoneum; it is attached to the diaphragm by 
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FiG. 16-95. Superior portion of diaphragmatic surface of liver. (Redrawn from Rauber-Kopsch.) 


loose connective tissue. The uncovered area, 
frequently called the bare area, is bounded 
by the superior and inferior reflections of 
the coronary ligament. 

The right portion merges with the other 
three parts of the diaphragmatic surface and 
continues down to the right margin, which 
separates it from the visceral surface. 

VISCERAL SURFACE. The visceral surface is 
concave, facing dorsalward, caudalward, 
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and to the left (Fig. 16-96). It contains several 
fossae and impressions for neighboring vis- 
cera. A prominent marking of the left central 
part is the porta hepatis, a fissure for the pas- 
sage of the blood vessels and bile duct. The 
visceral surface is covered by peritoneum 
except where the gallbladder is attached to 
it and at the porta. 

The right lobe, lying to the right of the 
gallbladder, has three impressions. Farthest 
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Appendix fibrosa 


Fic. 16-96. Visceral surface of the liver. (Redrawn from Rauber-Kopsch.) 


to the right is the colic impression, a flat- 
tened or shallow area for the right colic flex- 
ure; more dorsally a larger and deeper hol- 
low is the renal impression for the right 
kidney, and the duodenal impression is a 
narrow and poorly marked area lying along 
the neck of the gallbladder. Between the 
gallbladder and fossa for the umbilical vein 
is the quadrate lobe. It is in relation with the 
pyloric end of the stomach, the superior por- 
tion of the duodenum, and the transverse 
colon. 

The left lobe, lying to the left of the umbil- 
ical vein fossa, has two prominent markings. 
A large hollow extending out to the margin 
is the gastric impression for the ventral sur- 
face of the stomach. Toward the right it 
merges into a round eminence, the tuber 
omentale, which fits into the lesser curvature 
of the stomach and lies over the ventral sur- 
face of the lesser omentum. Just ventral to 
the inferior vena cava is a narrow strip of 
liver tissue, the caudate process, which con- 
nects the right inferior angle of the caudate 
lobe to the right lobe. Its peritoneal covering 
forms the ventral boundary of the epiploic 
foramen. 

INFERIOR BORDER. The inferior border is 
thin and sharp, and marked opposite the at- 
tachment of the falciform ligament by a 
deep notch, the umbilical notch, and oppo- 
site the cartilage of the ninth rib by a second 
notch for the fundus of the gallbladder. In 
adult males this border generally corre- 
sponds with the lower margin of the thorax 
in the right mammary line, but in women 
and children it usually projects below the 
ribs. In the erect position it often extends 
below the interiliac line. 

The left extremity of the liver is thin and 
flat from above downward. 


FISSURES AND FOSSAE 


The left sagittal fossa (longitudinal fis- 
sure) is a deep groove in the visceral surface 
that extends from the notch on the inferior 
margin of the liver to the cranial border of 
the organ. It is not named in the Nomina 
Anatomica but is worthy of mention be- 
cause it separates the right and left lobes. 
The porta joins it, at right angles, and divides 
it into two parts. The ventral part is the fis- 
sure for the ligamentum teres, which lodges 
the umbilical vein in the fetus and its re- 
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mains (the ligamentum teres) in the adult; it 
lies between the quadrate lobe and the left 
lobe of the liver, and is often partially 
bridged over by a prolongation of the he- 
patic substance, the pons hepatis. The dorsal 
part, or fossa for the ductus venosus, lies 
between the left lobe and the caudate lobe; it 
lodges the ductus venosus in the fetus, and 
in the adult, the ligamentum venosum, a 
slender fibrous cord that represents the ob- 
literated remains of that vessel. 

The porta or transverse fissure (Fig. 16-97) 
is a short but deep fissure, about 5 cm long, 
extending transversely across the visceral 
surface of the left portion of the right lobe, 
nearer its dorsal surface than its ventral bor- 
der. It joins nearly at right angles with the 
left sagittal fossa and separates the quadrate 
lobe ventrally from the caudate lobe and 
process dorsally. It transmits the portal vein 
and the hepatic artery, nerves, duct, and 
lymphatics. The hepatic duct lies ventral 
and to the right; the hepatic artery, to the 
left; and the portal vein, dorsal to and be- 
tween the duct and the artery. 

The fossa for the gallbladder is a shallow, 
oblong fossa placed on the visceral surface 
of the right lobe, parallel with the left sagit- 
tal fossa. It extends from the inferior free 
margin of the liver, which is notched by it, to 
the right extremity of the porta. 

The fossa for the inferior vena Cava is a 
short, deep depression and occasionally a 
complete canal if the substance of the liver 
surrounds the vena cava. It lies on the pos- 
terior surface between the caudate lobe and 
the bare area of the liver, and is separated 
from the porta by the caudate process. The 
orifices of the hepatic veins perforate the 
floor of this fossa to enter the inferior vena 
cava. 


LOBES 


RIGHT LoBE. The right lobe is six times as 
large as the left. It occupies the right 
hypochondrium, and is separated from the 
left lobe on its diaphragmatic surface by the 
falciform ligament, and on its visceral sur- 
face, by the left sagittal fossa. It has a some- 
what quadrilateral form, its visceral and 
posterior surfaces being marked by three 
fossae: the porta and the fossae for the gall- 
bladder and inferior vena cava, which sepa- 
rate its left part into two smaller lobes, the 
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Fic. 16-97. ‘The gallbladder and portal area of the visceral surface of the liver with blood vessels and ducts exposed. 


(Redrawn from Rauber-Kopsch.) 


quadrate and caudate lobes. The impres- 
sions on the right lobe have already been 
described. 

QUADRATE LoBE. The quadrate lobe is situ- 
ated on the visceral surface of the right lobe. 
[t is bounded ventrally by the inferior mar- 
gin of the liver; dorsally, by the porta; on the 
right, by the fossa for the gallbladder; and on 
the left, by the fossa for the umbilical vein. It 
has an oblong shape, with the dorsoventral 
diameter greater than the transverse dia- 
meter 

CAUDATELOBE. ‘Thecaudatelobe(Spigelian 
lobe!) is situated upon the dorsal surface 
of the right lobe of the liver, opposite the 
tenth and eleventh thoracic vertebrae. It is 
bounded inferiorly, by the porta; on the 
right, by the fossa for the inferior vena cava; 
and on the left, by the fossa for the ductus 
venosus. It is nearly vertical in position and 


‘Adriaan van der Spieghe! (1578-1625): A Flemish anato- 
mist who worked in Padua. 


somewhat concave in the transverse direc- 
tion. The caudate process is a smal! eleva- 
tion of the hepatic substance that extends 
obliquely lateralward from the lower ex- 
tremity of the caudate lobe to the visceral 
surface of the right lobe. It is situated dorsal 
to the porta and separates the fossa for the 
gallbladder from the commencement of the 
fossa for the inferior vena cava. 

LEFT Lope. The left lobe is smaller and 
flatter than the right. It is situated in the epi- 
gastric and left hypochondriac regions. Its 
cranial surface is slightly convex and _ is 
molded to the diaphragm; its caudal surface 
presents the gastric impression and omental 
tuberosity already mentioned. 


INTERNAL LOBES AND SEGMENTS 
The liver substance is divisible internally, 


on the basis of function and surgical impor- 
tance, into lobes and segments that do not 


coincide completely with the divisions 
established by external markings. These 
subdivisions must take into account the two 
great functions of the liver: (1) that of a 
gland, with the bile passages serving as its 
ducts, and (2) that of a vascular and storage 
organ. As a vascular organ it is necessary to 
devise units or segments including both in- 
flow and outflow of blood, i.e., the branch- 
ings of both portal and hepatic veins. This is 
complicated by two facts: the portal veins 
have peripheral and the hepatic veins cen- 
tral positions in the lobules and greater sub- 
divisions, and the portal vein has a bilateral 
type of distribution, whereas the hepatic 
veins have three main stems. It has been cus- 
tomary, however, to describe the internal 
lobes and segments on the basis of the portal 
venous radicles along with the bile ducts 
and to superimpose upon this a description 
based upon the hepatic venous radicles. 
HEPATIC TRIAD. The three structures of the 
triad—bile duct, portal vein, and hepatic ar- 
tery (Fig. 16-98)—gather in the hepatoduo- 
denal ligament ventral to the epiploic fora- 


Posterior 
lobe branch 
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men (of Winslow) at the porta hepatis. The 
hepatic duct is placed ventrally and to the 
right; the hepatic artery, to the left; and the 
portal vein, dorsally between the artery and 
duct. After their primary branching into 
right and left at the porta, they continue in a 
similar relationship throughout the organ. 
They are contained within a fibrous sheath, 
with prolongations to enclose their smallest 
branchings, called the perivascular fibrous 
capsule (Glisson’s capsule) (Fig. 16-102). 

The primary branching of the portal vein 
and hepatic artery at the porta establishes a 
right internal lobe and a left internal lobe. 
The right internal lobe comprises most of the 
right lobe of external marking described 
previously. It is subdivided into two seg- 
ments; the posterior segment is more supe- 
rior and somewhat larger than the anterior 
segment. Both segments are divided into 
superior and inferior portions. 

The left internal lobe includes the left, the 
caudate, and the quadrate lobes of external 
marking. The division of the left lobe into a 
medial segment and a lateral segment is 
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Intrahepatic distribution of the hepatic artery, portal vein, and biliary ducts. (From Morris’ Human 


Anatomy, 12th edition, 1966. Courtesy of Blakiston Division of McGraw-Hill Book Company.) 
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marked on the surface by the attachment of 
the falciform ligament, the ligamentum 
teres, and the ligamentum venosum. The two 
segments have superior and inferior por- 
tions. 

VASCULAR SEGMENTS. The three principal 
hepatic veins—right, middle, and left—pro- 
vide the basis for classifying parts of the in- 
ternal segments described above into true 
vascular segments: a right, a left, and two 
middle segments. A variable number of 
minor hepatic veins assist in the drainage of 
these vascular segments (Fig. 16-99). 

The right dorsal or dorsocaudal vascular 
segment corresponds with the dorsal seg- 
ment of the internal right lobe; it is drained 
by the right hepatic vein. 

The left lateral vascular segment corre- 
sponds with the lateral segment of the left 
internal lobe; it is drained by the left hepatic 
vein. 

The ventral middle vascular segment con- 
tains both the anterior segment of the right 
lobe and the medial segment of the internal 
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left lobe. It is drained by the middle hepatic 
vein. 

The dorsal middle vascular segment con- 
tains the caudate lobe and caudate process, 
parts of the left internal lobe. It is drained 
usually by two minor hepatic veins, the cra- 
nial caudate hepatic vein and the caudal 
caudate hepatic vein. 


LIGAMENTS 


The liver is connected to the undersurface 
of the diaphragm and to the ventral wall of 
the abdomen by five ligaments. Four of 
these—the falciform, the coronary, and the 
two lateral ligaments—are peritoneal folds; 
the fifth, the round ligament, is a fibrous 
cord that represents the obliterated umbili- 
cal vein. The liver is also attached to the 
lesser curvature of the stomach by the 
hepatogastric ligament, and to the duode- 
num by the hepatoduodenal ligament. 


——— 
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FiG. 16-99. Intrahepatic distribution of the hepatic and portal veins. (From Morris’ Human Anatomy, 12th edition, 
1966. Courtesy of Blakiston Division of McGraw-Hill Book Company.) 


FALCIFORM LIGAMENT. The falciform liga- 
ment is situated in a parasagittal plane, but 
lies obliquely so that one surface faces 
ventralward and is in contact with the peri- 
toneum dorsal to the right rectus muscle and 
the diaphragm, while the other is directed 
dorsalward and is in contact with the left 
lobe of the liver. It is attached by its left mar- 
gin to the abdominal surface of the dia- 
phragm, and the dorsal surface of the sheath 
of the right rectus as far caudalward as the 
umbilicus; by its right margin it extends 
from the notch on the inferior margin of the 
liver, as far dorsalward as the bare area. It is 
composed of two layers of peritoneum 
closely united together. Its base or free edge 
contains between its layers the round liga- 
ment and the parumbilical veins. 

CORONARY LIGAMENT. The coronary liga- 
ment (ligamentum coronarium hepatis) con- 
sists of an anterior and a posterior layer. The 
anterior layer is formed by the reflection of 
the peritoneum from the cranial margin of 
the bare area of the liver to the undersurface 
of the diaphragm, and is continuous with the 
right layer of the falciform ligament. The 
posterior layer is reflected from the caudal 
margin of the bare area to the right kidney 
and suprarenal gland, and it is termed the 
hepatorenal ligament. 

TRIANGULAR LIGAMENTS. There are two tri- 
angular ligaments (lateral ligaments): right 
and left. 

The right triangular ligament is situated at 
the right extremity of the bare area, and is a 
small fold that passes to the diaphragm, 
being formed by the apposition of the ante- 
rior and posterior layers of the coronary lig- 
ament. 

The left triangular ligament is a large fold 
that connects the posterior part of the upper 
surface of the left lobe to the diaphragm; its 
anterior layer is continuous with the left 
layer of the falciform ligament. It terminates 
on the left in a strong fibrous band, the ap- 
pendix fibrosa hepatis. 

ROUND LIGAMENT. The round ligament 
(ligamentum teres hepatis) is a fibrous cord 
resulting from the obliteration of the umbili- 
cal vein. It ascends from the umbilicus in the 
free margin of the falciform ligament to the 
umbilical notch of the liver, from which it 
may be traced in its proper fossa on the infe- 
rior surface of the liver to the porta, where it 
becomes continuous with the ligamentum 
venosum. 
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FIXATION OF THE LIVER 


Several factors contribute to maintaining 
the liver in place. The attachments of the 
liver to the diaphragm by the coronary and 
triangular ligaments and the intervening 
connective tissue of the bare area, together 
with the intimate connection of the inferior 
vena cava by the connective tissue and he- 
patic veins, support the posterior part of 
the liver. The lax falciform ligament cer- 
tainly gives no support, though it probably 
limits lateral displacement. During descent 
of the diaphragm with deep breathing, the 
liver rolls ventralward, shifting the inferior 
border caudalward so that it can be pal- 
pated. 


STRUCTURE OF THE LIVER 


VESSELS AND NERVES. The vessels connected 
with the liver are the hepatic artery, the portal 
vein, and the hepatic veins. 

The hepatic artery and portal vein, accompanied 
by numerous nerves, ascend to the porta between 
the layers of the lesser omentum. The bile duct and 
the lymphatic vessels descend from the porta be- 
tween the layers of the same omentum. The relative 
positions of the three structures are as follows: the 
bile duct lies to the right, the hepatic artery to the 
left, and the portal vein dorsal to and between the 
other two (Fig. 16-108). They are enveloped in a 
loose areolar tissue, the fibrous capsule of Glisson, 
which accompanies the vessels in their course 
through the portal canals in the interior of the organ 
(Fig. 16-102). 

The hepatic veins (Fig. 16-99) convey the blood 
from the liver and are described on page 836. 
They have little cellular investment, and what there 
is binds their walls closely to the walls of the canals 
through which they run, so that on section of the 
organ, they remain widely open and are solitary, and 
may be easily distinguished from the branches of the 
portal vein, which are more or less collapsed, and 
always accompanied by an artery and duct. 

The lymphatic vessels of the liver are described 
under the lymphatic system (Chap. 10). 

The nerves of the liver are derived from the right 
and left vagus and the celiac plexus of the sympa- 
thetic nerves. The fibers form plexuses along the 
hepatic artery and portal vein, enter the porta, and 
accompany the vessels and ducts to the interlobular 
spaces. The hepatic vessels are said to receive only 
sympathetic fibers, while both sympathetic and par- 
asympathetic fibers are distributed to the walls of 
the bile ducts and gallbladder, where they form plex- 
uses similar to the enteric plexuses of the intestinal 
wall. 
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Parenchyma 


The substance of the liver or parenchyma 
is composed of lobules held together by an 
extremely fine areolar tissue, in which ram- 
ify the portal vein, hepatic artery, hepatic 
veins, lymphatics, and nerves, the whole be- 
ing invested by a serous and a fibrous coat. 

SEROUS COAT. The serous coat is derived 
from the peritoneum and invests the greater 
part of the surface of the organ. It adheres 
intimately to the fibrous coat. 

FIBROUS COAT. The fibrous coat lies be- 
neath the serous investment and covers the 
entire surface of the organ. It is difficult to 
demonstrate, except where the serous coat is 
deficient. At the porta it is continuous with 
the fibrous capsule of Glisson, and on the 
surface of the organ, with the areolar tissue 
separating the lobules. 

toBULEsS. The lobules form the principal 
mass of the parenchyma. Their outlines, 
about 2mm in diameter, give a mottled ap- 
pearance to the surface of the organ. They 
are roughly hexagonal in shape, with their 
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columns of cells clustered around an intra- 
lobular vein, the smallest radicle of the he- 
patic vein. The adjacent faces of these neigh- 
boring hexagonal (or more _ irregularly 
polygonal) lobules are fitted together with a 
minimum of delicate connective tissue. In 
the pig, the individual lobules have com- 
plete connective tissue capsules and the hex- 
agonal shape is more evident than in the 
human liver. 

PORTAL CANAL. Portal canal is the name 
given to the channels through the paren- 
chyma by which the smallest radicles of the 
portal vein, hepatic artery, and bile duct are 
distributed. These three are bound together 
by delicate connective tissue, the capsula 
fibrosa perivascularis or Glisson’s capsule. 
They are situated between the lobules, and 
in a microscopic section cut perpendicularly 
through an intralobular vein, there will be 
three portal canals at the periphery of the 
lobule, about equally distant from each 
other at three angles of the hexagon. Polygo- 
nal shapes such as the hexagon in Figure 
16-100 are common, however. 
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Fic. 16-100. Human tiver tobule surrounded by parts of six neighboring lobules. (From Rauber-Kopsch, Lehrbuch u. 
Atlas d. Anatomie d. Menschen, 19th ed., Vot. II, courtesy Georg Thieme Verlag, Stuttgart, 1955.) 


Microscopic Appearance 


Each lobule consists of a mass of hepatic 
cells arranged in irregular radiating columns 
and plates, between which are the blood 
channels (sinusoids) (Fig. 16-100). Between 
the cells are also minute bile capillaries. 
Therefore, each lobule has all the essentials 
of a secreting gland: (1) cells by which the 
secretion is formed; (2) blood vessels in 
close relation with the cells, containing the 
blood from which the secretion is derived: 
(3) ducts, by which the secretion, when 
formed, is carried away. 

HEPATIC CELLS. The hepatic cells are poly- 
hedral. They vary in size from 12 to 25 wm in 
diameter. They contain one or sometimes 
two distinct nuclei. The nucleus exhibits an 
intranuclear network and one or two refrac- 
tile nucleoli. The cells usually contain gran- 
ules, some of which are protoplasmic, while 
others consist of glycogen, fat, or an iron 
compound. In lower vertebrates such as the 
frog, the cells are arranged in tubes with the 
bile duct forming the lumen and the blood 
vessels located externally. 

BLOOD VESSELS. The blood in the capil- 
lary plexuses around the liver cells is 
brought to the liver principally by the portal 
vein, but also to a certain extent by the he- 
patic artery. 

The hepatic artery, which enters the liver 
at the porta with the portal vein and hepatic 
duct, ramifies with these vessels through the 
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portal canals. It gives off vaginal branches, 
which ramify in the fibrous capsule of 
Glisson and appear destined chiefly for the 
nutrition of the coats of the vessels and 
ducts. It also gives off capsular branches, 
which reach the surface of the organ, ending 
in its fibrous coat in stellate plexuses. Fi- 
nally, it gives off interlobular branches, 
which form a plexus outside each lobule to 
supply the walls of the interlobular veins 
and the accompanying bile ducts. From 
these plexuses, capillaries join directly with 
the sinusoids of the liver lobule at its pe- 
riphery. 

The portal vein also enters at the porta 
and runs through the portal canals (Fig. 16- 
99) enclosed in Glisson’s capsule. In its 
course it divides into branches, which finally 
break up into the interlobular plexuses in 
the interlobular spaces. These interlobular 
plexuses give off portal venules, which di- 
vide into small branches and twigs as they 
pass to the surfaces of the lobules to join the 
hepatic sinusoids (Fig. 16-101). 

Hepatic sinusoids are large, richly anasto- 
mosing, modified capillary channels lying 
between the cords of liver cells. They tra- 
verse the liver lobule from its periphery to 
the intralobular or central vein. At the pe- 
riphery of the lobule they connect with in- 
terlobular branches of the portal vein and 
hepatic artery. Thus all the blood that enters 
the liver passes through the sinusoids to the 
central veins. The sinusoids are lined by 
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Fic. 16-101. Bile capillaries in the liver of a rabbit demonstrated by silver chromate, counterstained with alum 
carmine. (From Rauber-Kopsch, Lehrbuch u. Atlas d. Anatomie d. Menschen, 19th ed., Vol. IJ, courtesy Georg Thieme 


Verlag, Stuttgart, 1955.) 
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modified endothelium and contain many 
macrophages (v. Kupffer cells)! attached to 
their walls. 

HEPATIC VEINS. At the center of the lobule, 
the sinusoids empty into one large vein that 
runs down the center of the lobule from 
apex to base; this is called the intralobular or 
central vein. At the base of the lobule this 
vein opens directly into the sublobular vein, 
with which the lobule is connected. The 
sublobular veins unite to form larger and 
larger trunks, and end at last in the hepatic 
veins; these converge to form three large 
trunks that open into the inferior vena cava 
while that vessel is situated in its fossa on 
the posterior surface of the liver. 

Bite Ducts. The bile ducts commence by 
little passages in the liver cells that commu- 
nicate with canaliculi termed intercellular 
biliary passages (bile capillaries). These pas- 
sages are merely little channels or spaces left 
between the contiguous surfaces of two cells 
or in the angle where three or more liver 
cells meet (Fig. 16-101). They are always sep- 
arated from the blood capillaries by at least 
half the width of a liver cell. The channels 
thus formed radiate to the circumference of 
the lobule and open into the interlobular 
bile ducts, which run in Glisson’s capsule, 
accompanying the portal vein and hepatic 
artery (Fig. 16-102). These join with other 
ducts to form two main trunks that leave the 
liver at the porta, and by their union form 
the hepatic duct. 


‘Karl Wilhelm von Kupffer (1829-1902): A German anat- 
omist (Kiel, Konigsberg and Munich). 






Branch of 
portal vein 


Structure of the Ducts. The walls of the 
biliary ducts consist of a connective tissue 
coat that contains muscle cells arranged 
both circularly and longitudinally, and an 
epithelial layer that consists of short colum- 
nar cells resting on a distinct basement 
membrane. 


EXCRETORY APPARATUS OF THE LIVER 


The excretory apparatus of the liver con- 
sists of (1) the hepatic duct, formed by the 
junction of the two main ducts, which pass 
out of the liver at the porta; (2) the gallblad- 
der, which serves as a reservoir for the bile; 
(3) the cystic duct, or the duct of the gall- 
bladder; and (4) the common bile duct, which 
is formed by the junction of the hepatic and 
cystic ducts. 


Hepatic Duct 


Two main trunks of nearly equal size, one 
from the right, the other from the left lobe, 
unite to form the hepatic duct (Fig. 16-98), 
which passes to the right for about 4 cm be- 
tween the layers of the lesser omentum, 
where it is joined at an acute angle by the 
cystic duct to form the common bile duct. 
The hepatic and part of the common duct 
are accompanied by the hepatic artery and 
portal vein. 


Gallbladder 


The gallbladder (vesica fellea) (Fig. 16- 
103) is a conical or pear-shaped musculo- 
membranous sac lodged in a fossa on the vis- 
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Fic. 16-102. Cross section of a portal canal with Glisson’'s capsule of interlobular connective tissue surrounding 
branches of the portal vein, hepatic artery, and hepatic duct. (From Rauber-Kopsch, Lehrbuch u. Atlas d. Anatomie d. 
Menschen, 19th ed., Vol. Hl, courtesy Georg Thieme Verlag, Stuttgart, 1955.) 
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Fic. 16-103. The gallbladder and bile ducts laid open. 
(Spalteholz.) 


ceral surface of the right lobe of the liver 
and extending from near the right extremity 
of the porta to the inferier border of the 
organ. It is 7 to 10 cm in length, 2.5 cm in 
breadth at its widest part, and holds from 30 
to 35 ml of bile. It is divided into a fundus, 
body, and neck. The fundus, or broad 
extremity, is directed caudalward and pro- 
jects beyond the inferior border of the liver; 
the body and neck are directed cranialward 
and dorsalward to the left. The surface of 
the gallbladder is attached to the liver by 
connective tissue and vessels. The caudal 
surface is covered by peritoneum, which is 
reflected on to it from the surface of the 
liver. Occasionally the whole of the organ is 
invested by the serous membrane and is 
then connected to the liver by a kind of mes- 
Cillen 


RELATIONS. The body is in relation with the com- 
mencement of the transverse colon and farther dor- 
sally usually with the descending portion of the duo- 
denum, but sometimes with the superior portion of 
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the duodenum or pyloric end of the stomach. The 
fundus ts in relation, ventrally, with the abdominal 
parietes immediately below the ninth costal cartilage, 
and dorsally with the transverse colon. The neck is 
narrow and curves upon itself like the letter S; at its 
point of connection with the cystic duct it presents a 
well-marked constriction. 


STRUCTURE OF THE GALLBLADDER. The gall- 
bladder consists of three coats: serous, fibro- 
muscular, and mucous (Fig. 16-104). 

Serous Coat. The external or serous coat 
is derived from the peritoneum; it com- 
pletely invests the fundus, but covers the 
body and neck only on their caudal surfaces. 

Fibromuscular Coat. The fibromuscular 
coat, a thin but strong layer forming the 
framework of the sac, consists of dense fi- 
brous tissue that interlaces in all directions 
and is mixed with smooth muscular fibers, 
which are disposed chiefly in a longitudinal 
direction with a few running transversely. 

Mucous Coat. The internal or mucous 
coat is loosely connected with the fibrous 
layer. It is generally yellowish-brown and is 
elevated into minute rugae. Opposite the 
neck of the gallbladder the mucous mem- 
brane projects inward in oblique ridges or 
folds, forming a sort of spiral valve. 

The mucous membrane is continuous 
through the hepatic duct with the mucous 
membrane that lines the ducts of the liver, 
and through the common bile duct with the 
mucous membrane of the duodenum. It is 
covered with high columnar epithelium and 
secretes mucin; in some animals it secretes a 
nucleoprotein instead of mucin. 


VESSELS AND NERVES. The artertes to the gall- 
bladder are derived from the cystic artery; its vetns 
drain into liver capillaries and into the portal vein. 
The lymphatics are described under the lymphatic 
system. The nerves are described on page 1270. 


Cystic Duct 


The cystic duct, about 4 cm long, runs 
dorsalward, caudalward, and to the left from 
the neck of the gallbladder; it joins the he- 
patic duct to form the common bile duct. 
The mucous membrane lining its interior is 
thrown into a series of 5 to 12 crescentic 
folds similar to those found in the neck of 
the gallbladder. They project into the duct in 
regular succession, and are directed ob- 
liquely around the tube, presenting the ap- 
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Fic. 16-104. Cross section through the wall of the 


human gallbladder. (From Rauber-Kopsch, Lehrbuch u. 
Atlas d. Anatomie d. Menschen, 19th ed., Vol. II, cour- 
tesy Georg Thieme Verlag, Stuttgart, 1955.) 


pearance of a continuous spiral valve. They 
constitute the spiral valve (of Heister!), which 
is found only in primates and represents a de- 
vice to prevent distention or collapse of the 
cystic duct due to changing pressures in the 
gallbladder or common duct associated with 
the assumption of an erect posture. When 
the duct is distended, the spaces between the 
folds are dilated, giving its exterior a twisted 
appearance. 


Common Bile Duct 


The common bile duct (ductus choledo- 
chus) (Fig. 16-108) is formed by the junction 
of the cystic and hepatic ducts; it is about 
7.9 cm long and has the diameter of a soda 
fountain straw. 

It descends along the right border of the 
lesser omentum dorsal to the superior por- 
tion of the duodenum, ventral to the portal 
vein and to the right of the hepatic artery. It 


‘Lorenz Heister (1683-1758): A German anatomist and 
surgeon (Helmstadt). 


then runs in a groove near the right border of 
the posterior surface of the head of the pan- 
creas; here it is situated ventral to the infe- 
rior vena Cava and is occasionally completely 
embedded in the pancreatic substance. At its 
termination it is closely associated with the 
terminal portion of the pancreatic duct as it 
passes obliquely through the muscular and 
mucous coats of the duodenum. The walls of 
the terminal portions of both ducts are thick- 
ened by the presence of a sphincter muscle, 
the sphincter of Oddi, which usually causes 
a protrusion into the lumen of the duode- 
num, the duodenal papilla or papilla of 
Vater. A common orifice for the two ducts is 
present in about 60% of persons, and sepa- 
rate Openings in about 40%. The ducts be- 
come narrower rather than wider as they 
traverse the papilla, and the length of com- 
mon channel shared by bile and pancreatic 
ducts is less than one half the papilla in 75% 
of persons. The term “ampulla of Vater” 
should therefore be discarded in favor of the 
“papilla of Vater” (Sterling, 1954). 
structure. The coats of the large biliary 
ducts are external or fibrous and internal or 
mucous. The fibrous coat is composed of 
strong fibroareolar tissue, with a certain 
amount of muscular tissue arranged, for the 
most part, in a circular manner around the 
duct. The mucous coat is continuous with 
the lining membrane of the hepatic ducts 
and gallbladder and also with that of the 
duodenum; like the mucous membrane of 
these structures, its epithelium is columnar. 
It is provided with numerous mucous glands 
that are lobulated and open by minute ori- 
fices scattered irregularly in the larger ducts. 


The Pancreas 


The pancreas (Fig. 16-57) is situated trans- 
versely across the posterior wall of the abdo- 
men, in the epigastric and left hypochondriac 
regions. Its length varies from 12.5 to 15 cm; 
its weight in the female is 84.88 + 14.95 gm 
and in the male, 90.41 + 16.08 gm (Schaefer, 
1926). 


DEVELOPMENT 
The pancreas is developed in two parts, 


dorsal and ventral (Figs. 16-105; 16-106). The 
former arises as a diverticulum from the dor- 







Accessory pancreatic duct 
Dorsal pancreas 


Ventral pancreas 
Pancreatic duct 





Bile duct 


Fig. 16-105. Pancreas of a human embryo of five 
weeks. (Kollmann.) 


sal aspect of the duodenum a short distance 
above the hepatic diverticulum, and growing 
cranialward and dorsalward into the dorsal 
mesogastrium, it forms a part of the head and 
uncinate process and the whole of the body 
and tail of the pancreas. The ventral part 
appears as a diverticulum from the primitive 
bile duct and forms the remainder of the 
head and uncinate process of the pancreas. 
The duct of the dorsal part (accessory pan- 
creatic duct) therefore opens independently 
into the duodenum, while that of the ventral 
part (pancreatic duct) opens with the com- 
mon bile duct. About the sixth week the two 
parts of the pancreas meet and fuse and a 
communication is established between their 
ducts. After this has occurred, the terminal 
part of the accessory duct, i.e., the part be- 
tween the duodenum and the point of meet- 
ing of the two ducts, undergoes little or no 
enlargement, while the pancreatic duct in- 
creases in size and forms the main duct of 
the gland. The opening of the accessory duct 
into the duodenum is sometimes obliterated, 
and even when it remains patent it is proba- 
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Fig. 16-106. Pancreas of a human embryo at end of 
sixth week. (Kollmann.) 
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ble that the whole of the pancreatic secre- 
tion is conveyed through the pancreatic duct. 

At first the pancreas lies between the two 
layers of the dorsal mesogastrium, which 
give ita complete peritoneal investment, and 
its surfaces look to the right and left. With 
the change in the position of the stomach, 
the dorsal mesogastrium is drawn caudal- 
ward and to the left, and the right side of the 
pancreas is directed dorsalward and the left 
side, ventralward. The right surface becomes 
applied to the posterior abdominal wall, and 
the peritoneum that covered it undergoes 
absorption; thus, in the adult, the gland ap- 
pears to lie behind the peritoneal cavity. 

The adult pancreas is a compound race- 
mose gland, analogous in its structures to the 
salivary glands, though softer and less com- 
pactly arranged than those organs. Its shape 
is long and irregularly prismatic; its right 
extremity, being broad, is called the head, 
which is connected to the main portion of 
the organ, or body, by a slight constriction, 
the neck, while its left extremity gradually 
tapers to form the tail. 


HEAD 


The head of the pancreas is lodged within 
the curve of the duodenum (Fig. 16-107). Its 
cranial border is overlapped by the superior 
part of the duodenum and its caudal border 
overlaps the horizontal part of the duode- 
num; its right and left borders overlap and 
insinuate themselves around the descending 
and ascending parts of the duodenum re- 
spectively. The angle of junction of the cau- 
dal and left lateral borders forms a prolonga- 
tion, termed the uncinate process. In the 
groove between the duodenum and the right 
lateral and caudal borders are the anasto- 
mosing superior and inferior pancreatico- 
duodenal arteries (Fig. 8-58); the common 
bile duct descends to its termination in the 
descending part of the duodenum close to 
the right border. 

The greater part of the right half of the an- 
terior surface is in contact with the trans- 
verse mesocolon, with only areolar tissue 
intervening. From its cranial part the neck 
springs, its right limit being marked by a 
groove for the gastroduodenal artery. The 
caudal part of the right half, below the trans- 
verse colon, is covered by peritoneum that is 
continuous with the inferior layer of the 
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Fic. 16-107. ‘Transverse section through the middle of the first lumbar vertebra, showing the relations of the pan- 


creas. (Braune.) 


transverse mesocolon, and it is in contact 
with the coils of the small intestine. The su- 
perior mesenteric artery passes down ven- 
tral to the left half across the uncinate proc- 
ess; the superior mesenteric vein runs 
cranialward on the right side of the artery 
and, dorsal to the neck, joins with the lienal 
vein to form the portal vein (Fig. 9-33). 

The posterior surface is in relation with 
the inferior vena cava, the common bile 
duct, the renal veins, the right crus of the 
diaphragm, and the aorta. 


NECK 


The neck is about 2.5cm long, and is di- 
rected at first ventralward and then to the 
left to join the body. Its ventral surface sup- 
ports the pylorus; its dorsal surface is in rela- 
tion with the commencement of the portal 
vein. On the right it is grooved by the gastro- 
duodenal artery. 


BODY 


The body has a prismatic shape and three 
surfaces: anterior, posterior, and inferior; 
and three borders: superior, anterior, and in- 
ferior. 


The anterior surface is somewhat concave 
and is covered by the dorsal surface of the 
stomach, which rests upon it; the two organs 
are separated by the omental bursa. Where it 
joins the neck there is a well-marked promi- 
nence, the tuber omentale, which abuts 
against the posterior surface of the lesser 
Omentum. 

The posterior surface is devoid of perito- 
neum and is in contact with the aorta, the 
lienal vein, the left kidney and its vessels, 
the left suprarenal gland, the origin of the 
superior mesenteric artery, and the crura of 
the diaphragm. 

The inferior surface is narrow on the right 
but broader on the left and is covered by 
peritoneum. It is in contact with the duode- 
nojejunal flexure and some coils of the jeju- 
num. Its left extremity rests on the left colic 
flexure. 

The superior border is blunt and flat to the 
right and narrow and sharp to the left near 
the tail. It commences on the right in the 
omental tuberosity and is in relation with 
the celiac artery, from which the hepatic ar- 
tery courses to the right just above the gland, 
while the lienal artery runs toward the left in 
a groove along this border. 

The anterior border separates the anterior 
surface from the inferior surface, and along 


this border the two layers of the transverse 
mesocolon diverge from each other, one 
passing over the anterior surface, the other 


over the inferior surface. 

The inferior border separates the posterior 
surface from the inferior surface. The supe- 
rior mesenteric vessels emerge under its 


right extremity. 


TAIL 


The tail is the narrow part extending to 
the left as far as the caudal part of the gastric 
surface of the spleen. It lies in the phrenico- 
lienal ligament and is in contact with the left 


colic flexure. 
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PANCREATIC DUCT 


The pancreatic duct (duct of Wirsung?) 
extends transversely through the substance 
of the pancreas (Fig. 16-108). It commences 
by the junction of the small ducts of the lob- 
ules situated in the tail of the pancreas, and 
running from left to right through the body, 
it receives the ducts of the various lobules 
composing the gland. It reaches the neck 
considerably augmented in size, and turning 
caudalward, dorsalward, and to the right, it 
comes into relation with the common bile 
duct, which lies to its right side. Leaving the 


1johann Georg Wirsung (1600-1643): A German anato- 
mist who worked in Padua. 
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Fic. 16-108. The pancreas, pancreatic duct, and neighboring structures. (Eycleshymer and Jones.) 
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head of the gland, it passes very obliquely 
through the muscular and mucous coats of 
the duodenum and ends by an orifice com- 
mon to it and the common bile duct upon the 
summit of the duodenal papilla, which is 
situated at the medial side of the descending 
portion of the duodenum, 7.5 to 10 cm below 
the pylorus. In 40% of bodies the pancreatic 
duct and the common bile duct open sepa- 
rately into the duodenum. Frequently an 
additional duct is given off from the pancre- 
atic duct in the neck of the pancreas; this 
opens into the duodenum about 2.5cm 
above the duodenal papilla. It receives the 
ducts from the lower part of the head and is 
known as the accessory pancreatic duct 
(duct of Santorini}). 


FUNCTION. The pancreas is a gland of both exter- 
nal (exocrine) and internal (endocrine) secretion. The 
greater part of its bulk is formed by the exocrine 
gland. Its secretion, the pancreatic juice, is con- 
veyed by the pancreatic duct to the duodenum, 
where its several enzymes aid in the digestion of pro- 
teins, carbohydrates, and fats. The endocrine gland 
is formed by small clumps of cells known as islets of 
Langerhans? scattered throughout the pancreas. The 
secretion of these cells, called insulin, is taken up by 
the bloodstream and is an important factor in the 
control of sugar metabolism in the body. 


STRUCTURE OF THE PANCREAS 


EXOCRINE PANCREAS. The exocrine pan- 
creas is a compound tubulo-acinar or race- 
mose gland, resembling the parotid gland in 
microscopic structure. It has a connective 
tissue covering but no distinct capsule. It is 
made up of lobes and lobules that are identi- 
fiable but indistinctly marked with connec- 
tive tissue in the human pancreas. 

The main pancreatic duct extends 
throughout the length of the gland, receiving 
smaller ducts from the lobes and lobules 
along its course (Fig. 16-108). Although two 
ducts are formed in the embryo, they are 
usually combined into a single system in the 
adult. The main duct is lined with cylindri- 
cal epithelium containing occasional goblet 
cells; the smaller intermediate and interca- 
lated ducts have lower cuboidal cells. 

The secreting acini are almost filled by the 


‘Giovanni Domenico Santorini (1681-1737): An Italian 
anatomist (Venice). 

“Paul Langerhans (1847-1888): A German anatomist and 
pathologist (Freiburg). 


protruding apices of the glandular cells, 
which are the serous or zymogenic type. The 
basal portion of these cells, resting on a 
basement membrane, contains the nucleus 
and a basophilic substance, which has a stri- 
ated appearance and is identified as the cy- 
toplasmic reticulum by the electron micro- 
scope. The apical portion of these cells 
contains zymogen granules, easily seen in 
the usual eosin-stained preparations because 
of their red color. During digestion the gran- 
ules become reduced in number. A charac- 
teristic feature of the pancreas is the pres- 
ence of centroacinar cells. They represent a 
continuation of the terminal duct into the 
secreting acini. They are smaller than the 
secreting cells and have a clear cytoplasm 
(Munger, 1958; Oram, 1955). 

ENDOCRINE PANCREAS. The islets of Lang- 
erhans can be identified in the usual histo- 
logical preparations as clusters of less 
deeply stained cells. They are scattered 
throughout the gland but usually appear 
near the center of a lobule (Fig. 16-109). The 
cells are arranged in cords or plates one or 
two cells thick between which are abundant 
capillaries. There are three types of cells, 
which can be demonstrated by the use of 
special stains: alpha cells, beta cells, and 
delta cells. The beta cells are most abundant 
and are the source of insulin (Ferner, 1952: 
Lacy, 1957). 





Fig. 16-109. Section of portion of lobule from human 
pancreas. ac., Acinus of exocrine secreting gland; b.v., 
blood vessel; c.a., centroacinar cells; i.)., islet of endo- 
crine-secreting cells (islet of Langerhans). 200 x. (Re- 
drawn from Sobotta.) 


VESSELS. The arteries of the pancreas are mainly 
branches of the splenic artery, which form several 
arcades with the pancreatic branches of the gastro- 
duodenal and superior mesenteric arteries (Michels, 
1955). The veins are tributaries of the splenic and 
superior mesenteric portions of the portal vein. The 
lymphatics drain into the regional nodes associated 
with the major arteries to the gland. 
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NERVES. The autonomic innervation is both para- 
sympathetic and sympathetic through the splenic 
subdivision of the celiac plexus. The sympathetic 
nerves are postganglionic; the parasympathetic 
nerves are preganglionic nerves from the vagus, 
which synapse with ganglion cells scattered 
throughout the gland. Sensory nerves to the pan- 
creas are conveyed mainly by way of the splanchnic 
nerves (Alvarado, 1955). 
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Urogenital or genitourinary is the term 
used for the system of urinary organs, which 
provide for the formation and discharge of 
the urine, and for the genital organs, which 
are concerned with the process of reproduc- 
tion. 


Development of Urinary Organs 


The urogenital glands and ducts develop 
from the intermediate cell mass situated be- 
tween the primitive segments and the lateral 
plates of mesoderm. The permanent organs 
of the adult are preceded by structures 
which, with the exception of the ducts, dis- 
appear almost entirely before the end of 
fetal life. These paired structures are: the 
pronephros, the mesonephros, and the mes- 
onephric and paramesonephric ducts. The 
pronephros disappears very early. The 
structural elements of the mesonephros de- 
generate almost entirely, but in their place 
the genital gland develops. The mesonephric 
duct remains as the duct of the male genital 


gland; the paramesonephric, as that of the 
female. The final kidney is a new organ, the 
metanephros. 


PRONEPHROS AND MESONEPHRIC DUCT 


In the lateral part of the intermediate cell 
mass, immediately under the ectoderm, in 
the region from the fifth cervical to the third 
thoracic segments, a series of short evagina- 
tions from each segment grows dorsolater- 
ally and caudally, fusing successively cau- 
dalward to form the pronephric duct (Fig. 
17-1). This continues to grow caudally until 
it opens into the ventral part of the cloaca; 
beyond the pronephros it is termed the mes- 
onephric or Wolffian duct.! 

The original evaginations form a series of 
transverse tubules, each of which communi- 
cates by means of a funnel-shaped ciliated 
opening, the nephrostome, with the coe- 
lomic cavity, and in the course of each duct 
a glomerulus also is developed. A secondary 
glomerulus is formed ventral to each of 
these, and the complete group constitutes 
the pronephros. The pronephros undergoes 
rapid atrophy and, in 4-mm embryos, disap- 
pears except for the pronephric ducts, which 
persist as the excretory ducts of the succeed- 
ing kidneys, the mesonephroi. 


MESONEPHROS 


On the medial side of the mesonephric 
duct, from the sixth cervical to the third 
lumbar segments, a series of mesonephric 
tubules develops; at a later stage in the de- 
velopment they increase in number by out- 
growths from the original tubules (Fig. 17-1). 
These tubules first appear as solid masses of 
cells that later develop a lumen; one end 
grows toward and finally opens into the mes- 
onephric duct, the other dilates and is invag- 
inated by a tuft of capillary blood vessels to 
form a glomerulus. The tubules collectively 
constitute the mesonephros or Wolffian 
body. By the fifth or sixth week this body 
produces an elongated spindle-shaped emi- 
nence termed the urogenital fold, which 
projects into the coelomic cavity at the side 
of the dorsal mesentery, reaching from the 


'Kaspar Friedrich Wolff (1733-1794): A German anato- 
mist and embryologist (St. Petersburg). 
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Fic. 17-1. Pronephros, mesonephros and metanephros. A, Diagrammatic cross section of embryo through somites 7 
to 14. Earlier stages of development on left. B, Typical cross section through somites containing mesonephros. Earlier 
stage of development on left. C, Typical cross section through caudal portion of the mesonephros and including part of 
the metanephros. Excretory ducts and cloaca outlined in dash line. D, Ventrolateral view of embryonic excretory 
system (schematic). (Redrawn from Allan, F. D., Essentials of Embryology, Oxford University Press, 1960.) 


septum transversum cranially to the fifth 
lumbar segement caudally. The reproduc- 
tive glands develop in the urogenital folds. 

The mesonephric bodies are the permanent 
kidneys in fish and amphibians, but in rep- 
tiles, birds, and mammals, they atrophy and 
for the most part disappear synchronously 
with the development of the permanent kid- 
neys. The atrophy begins during the sixth or 
seventh week and rapidly proceeds, so that 
by the beginning of the fourth month only 
the ducts and a few of the tubules remain. 


METANEPHROS AND PERMANENT KIDNEY 
The rudiments of the permanent kidneys 


make their appearance about the end of the 
first or the beginning of the second month. 


Each kidney has a two-fold origin, part aris- 
ing from the metanephros, and part as a di- 
verticulum from the caudal end of the meso- 
nephric duct, close to where the latter opens 
into the cloaca (Figs. 17-2; 17-3). 

The metanephros arises in the intermedi- 
ate cell mass caudal to the mesonephros, 
which it resembles in structure. The diver- 
ticulum from the mesonephric duct grows 
dorsalward and cranialward along the dor- 
sal abdominal wall, where its blind extrem- 
ity expands and subsequently divides into 
several buds that form the rudiments of the 
pelvis and calyces of the kidney; by contin- 
ued growth and subdivision it gives rise to 
the collecting tubules of the kidney. The 
caudal portion of the diverticulum becomes 
the ureter. The secretory tubules are devel- 
oped from the metanephros, which is 
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FiG. 17-2. Tail end of human embryo 25 to 29 days old. 
(From model by Keibel.) 


molded over the growing end of the divertic- 
ulum from the mesonephric duct. 

The tubules of the metanephros, unlike 
those of the pronephros and mesonephros, 
do not open into the mesonephric duct. One 
end expands to form a glomerulus, while the 
rest of the tubule rapidly elongates to form 
the convoluted and straight tubules, the 
loops of Henle,' and the connecting tubules; 
these last establish communication with the 
collecting tubules derived from the ultimate 
ramifications of the ureteric diverticulum. 
The mesoderm around the tubules con- 
denses to form the connective tissue of the 
kidney. The ureter opens at first into the cau- 
dal end of the mesonephric duct; after the 
sixth week it is separated from the meso- 
nephric duct and opens independently into 
the part of the cloaca that ultimately be- 
comes the bladder (Figs. 17-2; 17-3). 

The secretory tubules of the kidney be- 


‘Friedrich Gustav Jacob Henle (1809-1885): A German 
anatomist (Zurich, Heidelberg, and Gottingen). 
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Fig. 17-3. Tail end of human embryo 32 to 33 days old. 
(From model by Keibel.) 
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come arranged into pyramidal masses or 
lobules (Fig. 17-4). The lobulated condition 
of the kidneys exists for some time after 
birth, and traces of it may be found even in 
the adult. The kidney of the ox and many 
other animals remains lobulated throughout 
life. 


URINARY BLADDER 


The bladder is formed partly from the 
endodermal cloaca and partly from the ends 
of the mesonephric ducts; the allantois has 
no share in its formation. After the rectum 
has separated from the dorsal part of the 
cloaca, the ventral part becomes subdivided 
into three portions: (1) an anterior vesico- 
urethral portion continuous with the allan- 
tois, into which the mesonephric ducts open; 
(2) an intermediate narrow channel, the pel- 
vic portion; and (3) a posterior phallic por- 
tion, closed externally by the urogenital 
membrane. The second and third parts to- 
gether constitute the urogenital sinus (Figs. 
17-5; 17-6). The vesicourethral portion ab- 
sorbs the ends of the mesonephric ducts and 
the associated ends of the renal diverticula, 
and these give rise to the trigone of the blad- 
der and part of the prostatic urethra. The 
remainder of the vesicourethral portion 
forms the body of the bladder and part of the 
prostatic urethra; its apex is prolonged to the 
umbilicus as a narrow canal (the urachus), 
which later is obliterated and becomes the 
middle umbilical ligament. 
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Fic. 17-4. The kidneys and suprarenal glands of a new- 
born child. Anterior aspect. 
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FiG. 17-5. Urogenital sinus of female human embryo 
8',, to 9 weeks old. (From model by Keibel.) 


Development of Generative 


Organs 


GENITAL GLANDS 


The first appearance of the genital gland is 
essentially the same in the two sexes; it con- 
sists of a thickening of the epithelial layer 
that lines the peritoneal cavity on the medial 
side of the urogenital fold. The thick plate of 
epithelium pushes the mesoderm before it 
and forms a distinct projection, the genital 
ridge (Fig. 17-7). From it the testis in the male 
and the ovary in the female are developed. 
At first the mesonephros and genital ridge 
are suspended by a common mesentery, but 
as the embryo grows the genital ridge gradu- 
ally becomes pinched off from the meso- 
nephros, with which it is at first continuous, 
though it still remains connected to the rem- 
nant of this body by a fold of peritoneum, 
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Fig. 17-6. Tail end of male human embryo, from 8Y, to 
9 weeks old. (From model by Keibel.) 


the mesorchium or mesovarium. About the 
seventh week the distinction of sex in the 
genital ridge begins to be perceptible. 


TESTIS 


At first the testis is a collection of cells 
derived from the coelomic epithelium with a 
surface covering and a central mass. As sex- 
ual differentiation begins, a series of cords 
appears in the central mass (Fig. 17-8), sur- 
rounded by a concentration of cells that 
later is converted into the tunica albuginea. 
The tunica separates the cords from the sur- 
face epithelium, excluding it from any part 
in forming the parenchyma of the testis. The 
more peripheral parts of the cords develop 
into the seminiferous tubules; the central 
parts run together toward the future medias- 
tinum testis, forming a network that be- 
comes the rete testis. 
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A, Diagrammatic cross section to show sites and migration of primordial germ cells from mesentery to 


gonad. B, Undifferentiated gonad. (Redrawn from Allan, F. D., Essentials of Embryology, Oxford University Press, 


1960.) 
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Fic. 17-8. Differentiation of testis; A, B, and C represent progressively later stages. (Redrawn from Allan, F. D., 


Essentials of Embryology, Oxford University Press, 1960.) 


MALE MESONEPHRIC DUCT 


In the male, the mesonephric duct (Wolff- 
ian duct) (see page 1515) persists and forms 
the epididymis, the ductus deferens, and the 
ejaculatory duct; the seminal vesicle arises 
during the third month as a lateral diverticu- 
lum from its caudal end (Fig. 17-9). A large 
part of the cranial portion of the mesoneph- 
ros atrophies and disappears, but a few tu- 
bules may persist as the appendix of the 
epididymis; this vestigial structure ends 
blindly. From the remainder of the cranial 
tubules the efferent ducts of the testis form. 

The caudal tubules are represented by the 
ductuli aberrantes and the paradidymis. 


DESCENT OF THE TESTES 


At an early period of fetal life, the testes 
are placed at the dorsal part of the abdomi- 
nal cavity; they are covered by the perito- 
neum and each is attached to the mesoneph- 
ros by a peritoneal fold, the mesorchium. 

From the ventral part of the mesonephros, 
a fold of peritoneum termed the inguinal 
fold grows ventralward to meet and fuse 
with the inguinal crest, a peritoneal fold 
that grows dorsalward from the anterolat- 
eral abdominal wall. The testis thus acquires 
an indirect connection with the anterior 
abdominal wall, and at the same time a por- 
tion of the peritoneal cavity lateral to these 
fused folds is marked off as the future saccus 
vaginalis. 

In the inguinal crest a peculiar structure, 
the gubernaculum testis, makes its appear- 
ance. This is at first a slender band that ex- 
tends from the part of the skin of the groin 
that afterward forms the scrotum through 
the inguinal canal to the body and epididy- 


mis of the testis. As development advances, 
the peritoneum covering the gubernaculum 
forms two folds, one above the testis and the 
other below it. The fold cranial to the testis 
is the plica vascularis, which ultimately con- 
tains the testicular vessels; the caudal fold, 
the plica gubernatrix, contains the lower 
part of the gubernaculum, which has now 
grown into a thick cord. It ends caudally at 
the abdominal inguinal ring beside a tube of 
peritoneum, the saccus or processus vagi- 
nalis, which protrudes down the inguinal 
canal. By the fifth month the cranial part of 
the gubernaculum has disappeared, but the 
caudal part now consists of a central core of 
unstriped muscle fiber and an outer layer of 
striped elements connected with the abdom- 
inal wall. The main portion of the gubernac- 
ulum is attached to the skin at the point 
where the scrotum develops, and as the 
pouch forms, most of the caudal end of the 
gubernaculum is carried with it; other bands 
extend to the medial side of the thigh and to 
the perineum. 

The tube of peritoneum constituting the 
saccus Or processus vaginalis projects itself 
downward into the inguinal canal and 
emerges at the superficial inguinal ring, 
pushing before it a part of the obliquus 
internus and the fascia of the obliquus exter- 
nus, which form respectively the cremaster 
muscle and the external spermatic fascia. It 
forms a gradually elongating sac that even- 
tually reaches the bottom of the scrotum, 
and behind this sac the testis descends. 
Since the growth of the gubernaculum is not 
commensurate with the growth of the body 
of the fetus, the latter increasing more rap- 
idly in relative length, it has been assumed 
that this prevents cranialward displacement 
of the testis. In addition, the gubernaculum 
may actually shorten, in which case it might 
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Fic. 17-9. Diagrammatic representation of the differentiation of the male genital ducts. A, Undifferentiated stage. B, 
Early differentiation. C, The condition just prior to birth when testis is undescended. Dash lines indicate position of 
testis after descent and dotted lines the position of the obliterated paramesonephric duct. Vestigial structures retained 
from the latter are labeled. (Redrawn from Allan, F. D., Essentials of Embryology, Oxford University Press, 1960.) 


exert traction on the testis and tend to dis- 
place it toward the scrotum. By the end of 
the eighth month the testis has reached the 
scrotum, preceded by the processus vagi- 
nalis, which communicates by its upper ex- 
tremity with the peritoneal cavity. Just be- 
fore birth the upper part of the saccus 


vaginalis normally closes, and this oblitera- 
tion extends gradually downward to within 
a short distance of the testis. The peritoneum 
surrounding the testis is then cut off entirely 
from the general peritoneal cavity and be- 
comes the tunica vaginalis (Fig. 17-10). 
Occasionally the testis fails to descend or 
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Fic. 17-10. Diagram illustrating descent of the testis: A, Before descent. The processus vaginalis is present before 
descent begins, the testis lying behind the peritoneum. B, Descent nearly complete but processus vaginalis not obliter- 
ated. C, Processus vaginalis obliterated except for the terminal portion, which persists as the tunica vaginalis of the 


adult. 


the descent is incomplete, a condition 
known as cryptorchidism. In such cases 
administration of an extract of the pituitary 
gland may cause the testis to occupy its nor- 
mal position. This would seem to indicate 
that the descent may to some extent be 
under hormonal control. 


PROSTATE 


The prostate arises between the third and 
fourth months as a series of solid diverticula 
from the epithelium lining the urogenital 
sinus and vesicourethral part of the cloaca. 
These buds arise in five distinct groups, 
grow rapidly in length, and soon acquire a 
lumen. Eventually the prostatic urethra and 
ejaculatory ducts are embedded in a five- 
lobed gland, the parts of which are called the 
median, anterior, posterior, and _ lateral 
lobes. The lateral lobes are the largest. There 
are no distinct dividing lines between the 
parts of the formed gland, and the divisions 
are important only because of their indi- 
vidual peculiarities in disease processes. 


Skene’s ducts! in the female urethra are re- 
garded as the homologues of the prostatic 
glands. 

The bulbourethral glands of Cowper? in 
the male and the greater vestibular glands of 
Bartholin® in the female also arise as diver- 
ticula from the epithelial lining of the uro- 
genital sinus. 


OVARY 


The ovary (Fig. 17-11), formed from the 
genital ridge, is at first a collection of cells 
derived from the coelomic epithelium; later 
the mass is differentiated into a central part 
of medulla covered by a surface layer, the 
germinal epithelium. Between the cells of 
the germinal epithelium a number of larger 
cells, the primitive ova, are found. These are 


‘Alexander Johnston Chalmers Skene (1837-1900): An 
American gynecologist (New York). 

?William Cowper (1666-1709): An English surgeon 
(London). 

3Caspar Bartholin (1655-1738): A Danish anatomist (Co- 
penhagen). 
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Fig. 17-11. Differentiation of ovary; A, B, and C represent progressively later stages. (Redrawn from Allan, F. D., 
Essentials of Embryology, Oxford University Press, 1960.) 
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carried into the subjacent stroma by bud- 
like ingrowths (genital cords) of the germi- 
nal epithelium. The surface epithelium ul- 
timately forms the permanent epithelial 
covering of this organ; it soon loses its 
connection with the central mass and a tu- 
nica albuginea develops between them. The 
ova are derived chiefly from the cells of the 
central mass; these are separated from one 
another by the growth of connective tissue 
in an irregular manner. Each ovum acquires 
a covering of connective tissue (follicle) 
cells, and in this way the rudiments of the 
ovarian follicles are formed. 

Primordial germ cells (Fig. 17-3) are, ac- 
cording to some authors, set aside at a very 
early age from the somatic cells. They are 
first recognized in the yolk sac. Later they 
migrate through the mesentery into the 
primitive germinal epithelium, to be carried 
into the gonad with the sex cords, and later 
still they develop either into ova in the fe- 
male or sperm cells in the male. Some au- 
thors deny their existence while others 
claim they all degenerate and take no part in 
the formation of the adult sex cells. 


FEMALE MESONEPHROS AND MESONEPHRIC 
DUCT 


In the female, these structures atrophy 
(see page 1516). The remains of the meso- 
nephric tubules may be divided into three 
groups. One group of tubules from the cra- 
nial portion of the mesonephros persists and 
produces one or more vesicular appendices 
in the fringes of the uterine tube. The middle 
and largest group, together with a segment of 
the mesonephric duct, persist as the epo- 
6phoron (organ of Rosenmiiller'). Persistent 
portions of the mesonephric duct are known 
as Gartner’s ducts’ (Fig. 17-55). These 
may exist as part of the epodphoron or as 
isolated segments as far as the hymen. The 
third and most caudal group of remaining 
mesonephric ducts constitutes the paroéph- 
oron, which usually disappears completely 
before the adult stage. Any one of these 
vestigial tubules that persists in the adult as 
a stalked vesicle is called an hydatid. 


‘Johann Christian Rosenmiller (1771-1820): A German 
anatomist and surgeon (Leipzig). 

*Hermann Treschow Gartner (1785-1827): A Danish sur- 
geon and anatomist (Copenhagen). 


PARAMESONEPHRIC DUCTS 


Shortly after the formation of the meso- 
nephric ducts, the paramesonephric ducts 
(Miullerian ducts*) develop (Fig. 17-12). Each 
arises on the lateral aspect of the corre- 
sponding mesonephric duct as a tubular in- 
vagination of the cells lining the coelom (Fig. 
17-12). The orifice of the invagination re- 
mains patent and undergoes enlargement 
and modification to form the abdominal os- 
tium of the uterine tube. The ducts pass cau- 
dalward lateral to the mesonephric ducts, 
but toward the caudal end of the embryo 
they cross to the medial side of these ducts, 
and thus come to lie side by side between 
and caudal to the latter—the four ducts 
forming what is termed the genital cord. The 
paramesonephric ducts end in an epithelial 
elevation, the paramesonephric eminence, 
on the ventral part of the cloaca between the 
orifices of the mesonephric ducts; at a later 
date they open into the cloaca in this situa- 
tion. 

In the male the paramesonephric (Miller- 
ian) ducts atrophy, but traces of their cranial 
ends are represented by the appendices tes- 
tis (hydatids of Morgagni*), while their cau- 
dal portions fuse to form the utriculus in the 
floor of the prostatic portion of the urethra. 

In the female the paramesonephric 
(Mullerian) ducts persist and undergo fur- 
ther development. The portions that lie in 
the genital ridge fuse to form the uterus and 
vagina; the parts cranial to this ridge remain 
separate, and each forms the corresponding 
uterine tube—the abdominal ostium of 
which is developed from the cranial extrem- 
ity of the original tubular invagination from 
the coelom. The fusion of the parameso- 
nephric ducts begins in the third month, and 
the septum formed by their fused medial 
walls disappears. Entodermal epithelium of 
the urogenital sinus invades the region 
where the vagina forms, replacing the para- 
mesonephric epithelium almost entirely, and 
for a time the vagina is represented by a 
solid rod of epithelial cells, but in fetuses of 
five months the lumen reappears. About the 
fifth month an annular constriction marks 
the position of the neck of the uterus, and 


3Johannes Peter Miller (1801-1858): A German professor 
of anatomy and physiology (Berlin). 

‘Giovanni Battista Morgagni (1682-1771): An Italian 
anatomist and pathologist (Padua). 
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Fic. 17-12. Diagrammatic representation of the differentiation of the female genital ducts. A, Undifferentiated stage. 
B, Early differentiation. C, The condition existing at birth. In the latter, the dotted lines indicate the position of the 
mesonephric duct and tubules. Vestigial structures derived from these are labeled. (Redrawn from Allan, F. D., Essen- 


tials of Embryology, Oxford University Press, 1960.) 


after the sixth month the walls of the uterus 
begin to thicken. A ring-like outgrowth of 
epithelium occurs at the caudal end of the 
uterus and marks the future vaginal fornices. 
The hymen arises at the site of the parames- 
onephric eminence. It represents the separa- 
tion between vagina and urogenital sinus. 


DESCENT OF THE OVARIES 


In the female there is also a gubernaculum, 
which effects a considerable change in the 
position of the ovary (Fig. 17-12), though not 
so extensive a change as that affecting the 
testis. The gubernaculum in the female lies 
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in contact with the fundus of the uterus and 
acquires adhesions to this organ; thus the 
ovary is prevented from descending below 
this level. The part of the gubernaculum be- 
tween the ovary and the uterus ultimately 
becomes the proper ligament of the ovary, 
while the part between the uterus and the 
labium majus forms the round ligament of 
the uterus. A pouch of peritoneum analo- 
gous to the saccus vaginalis in the male ac- 
companies the gubernaculum in the inguinal 
canal; this is called the canal of Nuck.! 

In rare cases the gubernaculum may fail to 
develop adhesions to the uterus, and then 
the ovary descends through the inguinal 
canal into the labium majus. Under these 
circumstances its position resembles that of 
the testis. 


EXTERNAL ORGANS OF GENERATION 


As is shown in Figure 17-2, the cloacal 
membrane, composed of ectoderm and en- 
doderm, initially extends from the umbilicus 
to the tail bud. The growing mesoderm ex- 
tends to the midventral line for some dis- 
tance caudal to the umbilicus and forms the 
lower part of the abdominal wall; it ends 
caudally in a prominent swelling, the genital 
tubercle (Fig. 17-13). Dorsal to this tubercle 
the urogenital part of the cloacal membrane 
separates the ingrowing sheets of mesoderm. 

The first rudiment of the penis (or clitoris) 
is a structure termed the phallus; it is de- 
rived from the phallic portion of the cloaca 
which has extended on the end and sides of 
the undersurface of the genital tubercle. The 
terminal part of the phallus, representing the 
future glans, becomes solid; the remainder, 
which is hollow, is converted into a longitu- 
dinal groove by the absorption of the uro- 
genital membrane. 

In the female a deep groove forms around 
the phallus and separates it from the rest of 
the genital tubercle. The tissue at the sides of 
the genital tubercle grows caudalward as the 
genital swellings, which ultimately form the 
labia majora; the tubercle itself becomes the 
mons pubis. The labia minora arise by the 
continued growth of the lips of the groove on 
the undersurface of the phallus; the remain- 
der of the phallus forms the clitoris. 

In the male the early changes are similar, 
but the pelvic portion of the cloaca under- 


‘Anton Nuck (1650-1692): A Dutch anatomist (Leiden). 


goes much greater development, pushing 
before it the phallic portion. The genital 
swellings extend around between the pelvic 
portion and the anus, and form a scrotal 
area; during the changes associated with the 
descent of the testes this area is drawn out to 
form the scrotal sacs. The penis is developed 
from the phallus. As in the female, the uro- 
genital membrane undergoes absorption, 
forming a channel on the undersurface of 
the phallus; this channel extends only as 
far forward as the corona glandis. 

The corpora cavernosa of the penis (or clit- 
oris) and of the urethra arise from the meso- 
dermal tissue in the phallus. They are dense 
structures at first, but later vascular spaces 
appear in them and they gradually become 
cavernous. 

The prepuce in both sexes is formed by 
the growth of a solid plate of ectoderm into 
the superficial part of the phallus; on coronal 
section this plate presents the shape of a 
horseshoe. By the breaking down of its more 
centrally situated cells, the plate is split into 
two lamellae, and a cutaneous fold, the pre- 
puce, is liberated and forms a hood over the 
glans. Adherent prepuce is not a secondary 
adhesion but a hindered central desquama- 
tion. 


URETHRA 


As already described, in both sexes the 
phallic portion of the cloaca extends to the 
undersurface of the genital tubercle as far 
forward as the apex. At the apex the walls of 
the phallic portion come together and fuse, 
the lumen is obliterated, and a solid plate, 
the urethral plate, is formed. The remainder 
of the phallic portion is tubular for a time, 
and then, by the absorption of the urogenital 
membrane, it establishes a communication 
with the exterior; this opening is the primi- 
tive urogenital ostium, which extends for- 
ward to the corona glandis. 

In the female this condition is largely re- 
tained; the portion of the groove on the clito- 
ris broadens out while the body of the clito- 
ris enlarges, and thus the adult urethral 
opening is situated behind the base of the 
clitoris. 

In the male, by the greater growth of the 
pelvic portion of the cloaca, a longer urethra 
is formed, and the primitive ostium is car- 
ried distalward with the phallus, but it still 
ends at the corona glandis. Later it closes 
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Fic. 17-13. Stages in the development of the external sexual organs in the male (A, C, and E) and female (B, D, and 


F), (Drawn from the Ecker-Ziegler models.) 


from proximally to distally. Meanwhile the 
urethral plate of the glans breaks down cen- 
trally to form a median groove continuous 
with the primitive ostium. This groove also 
closes proximally, so that the external ure- 
thral opening is shifted distalward to the end 
of the glans (Fig. 17-6). 


Urinary Organs 


The urinary organs comprise the kidneys, 
which produce the urine; the ureters, or 
ducts, which convey urine to the urinary 


bladder, where it is retained for a time; and 
the urethra, through which it is discharged 
from the body. 


KIDNEYS 


The kidneys (renes) are situated in the 
dorsal part of the abdomen, one on either 
side of the vertebral column, covered by the 
peritoneum and surrounded by a mass of fat 
and loose areolar tissue. Their cranial ex- 
tremities are on a level with the cranial bor- 
der of the twelfth thoracic vertebra, their 
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caudal extremities on a level with the third 
lumbar. The right kidney is usually slightly 
more caudal than the left, probably due to 
the presence of the liver. The long axis of 
each kidney is parallel with the vertebral 
column. Each kidney is about 11.25 cm long, 
5 to 7.5 cm wide, and rather more than 2.5 cm 
thick. The left is somewhat longer and nar- 
rower than the right. In the adult male, the 
kidney weighs 125 to 170 gm; in the adult 
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female, 115 to 155 gm. The combined weight 
of the two kidneys in proportion to that of 
the body is about 1 to 240. The kidneys in the 
newborn are about three times as large in 
proportion to the body weight as in the 
adult. 

The kidney has a characteristic form simi- 
lar to a bean, and presents for examination 
two surfaces, two borders, and a cranial and 
caudal extremity (Fig. 17-14). 
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Fig. 17-14. The right kidney and suprarenal gland. A, Suprarenal gland. B, Kidney, surface view. C, Kidney, longitu- 


dinal section showing pelvis. (Eycleshymer and Jones.) 


Surfaces 


The ventral surface (Fig. 17-15) of each kid- 
ney is convex and faces ventralward and 
slightly lateralward. Its relations to adjacent 
viscera differ so completely on the two sides 
that separate descriptions are necessary. 

VENTRAL SURFACE OF RIGHT KIDNEY. A 
narrow portion at the cranial extremity is in 
relation with the right suprarenal gland (Fig. 
17-17). A large area just caudal to this and 
involving about three-fourths of the surface 
lies in the renal impression on the visceral 
surface of the liver, and a narrow but some- 
what variable area near the medial border is 
in contact with the descending part of the 
duodenum. The caudal part of the ventral 
surface is in contact laterally with the right 
colic flexure, and medially, as a rule, with 
the small intestine. The areas in relation 
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with the liver and small intestine are cov- 
ered by peritoneum; the suprarenal, duode- 
nal, and colic areas are devoid of perito- 
neum, 

VENTRAL SURFACE OF LEFT KIDNEY. A small 
area along the cranial part of the medial bor- 
der is in relation with the left suprarenal 
gland, and close to the lateral border is a 
long strip in contact with the renal impres- 
sion on the spleen (Fig. 17-17). A somewhat 
quadrilateral field, about the middle of the 
ventral surface, marks the site of contact 
with the body of the pancreas, on the deep 
surface of which are the lienal vessels. 
Above this is a small triangulaf portion, be- 
tween the suprarenal and splenic areas, in 
contact with the posterior surface of the 
stomach. Caudal to the pancreatic area, the 
lateral part is in relation with the left colic 
flexure, the medial part, with the small intes- 
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Fic. 17-15. Ventral view of abdominal viscera after removal of the peritoneum of the dorsal abdominal wall, showing 


kidneys, suprarenal glands, and great vessels. (Corning.) 
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tine. The areas in contact with the stomach 
and spleen are covered by the peritoneum of 
the omental bursa, while that in relation to 
the small intestine is covered by the perito- 
neum of the greater sac; dorsal to the latter 
are some branches of the left colic vessels. 
The suprarenal, pancreatic, and colic areas 
are devoid of peritoneum. 

porsat surface. The dorsal surface 
(Figs. 17-16; 17-18) of each kidney ts directed 
dorsalward and medialward. It is embedded 
in areolar and fatty tissue and entirely de- 
void of peritoneal covering. It lies upon the 
diaphragm: the medial and lateral lumbo- 
costal arches; the psoas major, the quadratus 
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Fig. 17-16. 
Topogruphischen Anatomie in Eycleshymer and Jones.) 














lumborum, and the tendon of the transver- 
sus abdominis muscles; the subcostal and 
one or two of the upper lumbar arteries; and 
the last thoracic, iliohypogastric, and _ ilio- 
inguinal nerves. The cranial extremity of the 
right kidney rests upon the twelfth rib; the 
left, usually on the eleventh and twelfth ribs. 
The diaphragm separates the kidney from 
the pleura, which dips down to form the 
phrenicocostal sinus, but frequently the 
muscular fibers of the diaphragm are defec- 
tive or absent over a triangular area immedi- 
ately above the lateral lumbocostal arch, in 
which case the perinephric areolar tissue is 
in contact with the diaphragmatic pleura. 
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Fig. 17-17. ‘The ventral surfaces of the kidneys, showing the areas of contact of neighboring viscera. 


Borders 


The lateral border (external border) is 
convex and directed toward the posterolat- 
eral wall of the abdomen. On the left side it 


is in contact, at its cranial part, with the 
spleen. 


The medial border (internal border) is 
concave in the center and convex toward 
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either extremity; it is directed ventralward 
and a little caudalward. Its central part has a 
deep longitudinal fissure, bounded by prom- 
inent overhanging ventral and dorsal lips. 
This fissure, named the hilum, transmits the 
vessels, nerves, and ureter. Above the hilum 
the medial border is in relation with the su- 


prarenal gland; below the hilum, with the 
ureter. 
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Fic. 17-18. The dorsal surfaces of the kidneys, showing areas of relation to the parictes. 
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Fig. 17-19. Visceral and parietal peritoneum associ- 
ated with large intestine. Small intestine and mesentery 
removed. (Tobin, 1944.) 


The relative positions of the main struc- 
tures in the hilum are as follows: the vein is 
ventral, the artery is in the middle, and the 
ureter is dorsal and directed caudalward. Fre- 
quently, however, branches of both artery 
and vein are placed dorsal to the ureter. 


Extremities 


The cranial extremity (extremitas supe- 
rior) is thick and round and is nearer the 
median line than the caudal extremity. It is 
surmounted by the suprarenal gland, which 
also covers a small portion of the ventral 
surface. 

The caudal extremity (extremitas inferior) 
is smaller and thinner than the superior and 
farther from the median line. It extends to 
- within 5 cm of the iliac crest. 


Renal Fascia 


The kidney and its vessels are embedded 
in a mass of fatty tissue, termed the adipose 
capsule or perirenal fat, which is thickest at 
the margins of the kidney and is prolonged 
through the hilum into the renal sinus. The 
kidney and the adipose capsule together are 


enclosed in a specialized lamination of the 
subserous fascia called the renal fascia (Figs. 
17-19 to 17-22). It occupies a position be- 
tween the internal investing layer of deep 
fascia (transversalis, endoabdominal fascia) 
and the stratum of subserous fascia associ- 
ated with the intestine and its blood vessels 
(Fig. 17-20). In forming the renal fascia, the 
subserous fascia of the lateral abdominal 
wall splits into two fibrous lamellae near the 
lateral border of the kidney (Fig. 17-22). Both 
lamellae extend medially, the ventral one 
over the ventral surface of the kidney, the 
dorsal one over the dorsal surface. The ante- 
rior lamella continues over the renal vessels 
and aorta to join the similar membrane of 
the other side. The posterior lamella also 
continues across the midline but lies deep to 
the aorta, and there it is more adherent to the 
underlying deep fascia than in the region of 
the kidney. The renal fascia is connected to 
the fibrous tunic of the kidney by numerous 
trabeculae that traverse the adipose capsule 
and are strongest near the lower end of the 
organ. Dorsal to the fascia renalis is a large 
quantity of fat, which constitutes the 
paranephric body (pararenal fat). 
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Fig. 17-20. Peritoneum associated with ascending 
colon dissected free and displaced to expose the deeper 
stratum of subserous fascia associated with kidney and 
great vessels. (Tobin, 1944.) 
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Fic. 17-21. Deeper stratum of subserous fascia dis- 
sected free and displaced to expose the transversalis fas- 
cia. (Tobin, 1944.) 


Fixation of the Kidney 


The kidneys are not rigidly fixed to the 
abdominal wall, and since they are in con- 
tact with the diaphragm, they move with it 
during respiration. They are held in position 
by the renal fascia just described and by the 
large renal arteries and veins. That the adi- 
pose capsule and the paranephric fat body 
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play an important part in holding the kidney 
in position is indicated by the occurrence of 
a condition called movable kidney in emaci- 
ated individuals. 


General Structure of the Kidney 


The kidney is invested by a fibrous tunic 
or capsule that forms a firm, smooth cover- 
ing to the organ. The tunic can be stripped 
off easily, but in doing so numerous fine 
processes of connective tissue and small 
blood vessels are torn. When the capsule is 
stripped off, the surface of the kidney is 
smooth and deep red. In infants, fissures ex- 
tending for some depth may be seen on the 
surface of the organ, a remnant of the lobu- 
lar contruction of the gland. 

If a vertical section of the kidney were 
made from its convex to its concave border, 
it would be seen that the hilum expands into 
a central cavity, the renal sinus; this con- 
tains the cranial part of the renal pelvis and 
the calyces, surrounded by some fat in 
which the branches of the renal vessels and 
nerves are embedded. The renal sinus is 
lined by a prolongation of the fibrous tunic, 
which is continuous with the covering of the 
pelvis of the kidney around the lips of the 
hilum. 

The minor renal calyces, numbering 4 to 
13, are cup-shaped tubes, each of which 
embraces usually one but occasionally two 
or more of the renal papillae. They unite to 
form two or three short tubes, the major 
calyces, and these in turn join to form a 
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Fic. 17-22. Transverse section, showing relations of renal fascia. (Tobin, 1944.) 
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funnel-shaped sac, the renal pelvis. Spirally 
arranged muscles surrounding the calyces 
may have a milking action on these tubes. 
thereby aiding the flow of urine into the 
renal pelvis. As the pelvis leaves the renal 
sinus, it diminishes rapidly in caliber and 
merges insensibly into the ureter, the excre- 
tory duct of the kidney. 

The kidney is composed of an internal 
medullary and an external cortical sub- 
stance (Fig. 17-23). 

The medullary substance consists of a se- 
ries of striated conical masses, termed the 
renal pyramids, of which there are 8 to 18. 
Their bases are directed toward the circum- 
ference of the kidney, while their apices 
converge toward the renal sinus, where they 
form prominent papillae projecting into the 
lumen of the minor calyces. 

The cortical substance is reddish brown 
and soft and granular. It lies immediately 
beneath the fibrous tunic, arches over the 
bases of the pyramids, and dips in between 
adjacent pyramids toward the renal sinus. 
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blood vessels. 


The parts dipping between the pyramids are 
named renal columns (of Bertini), while the 
portions that connect the renal columns to 
each other and intervene between the bases 
of the pyramids and the fibrous tunic are 
called the cortical arches. If the cortex is 
examined with a lens, it is seen to consist of 
a series of lighter colored, conical areas, 
termed the radiate part, and a darker colored 
intervening substance, which from the com- 
plexity of its structure is named the con- 
voluted part. The rays gradually taper to- 
ward the circumference of the kidney and 
consist of a series of outward prolongations 
from the base of each renal pyramid. 


Microscopic Anatomy 


The renal tubules (Fig. 17-23), of which the 
kidney is for the most part composed, 
commence in the cortical substance. After 


‘Exupére Joseph Bertin (1712-1781): A French anatomist 
(Rheims). 
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pursuing a circuitous course through the 
cortical and medullary substances, they fi- 
nally end at the apices of the renal pyramids 
by open mouths, so that the fluid they con- 
tain is emptied through the calyces into the 
pelvis of the kidney. If the surface of one of 
the papillae is examined with a lens, it is 
seen to be studded over with 16 to 20 minute 
openings, the orifices of the renal tubules. 
Pressure applied to a fresh kidney will cause 
urine to exude from these orifices. 

The tubules commence in the cortex and 
renal columns as the renal corpuscles or 
Malpighian‘! bodies. They are small, round, 
deep red masses, varying in size but averag- 
ing about 0.2 mm in diameter. Each of these 
bodies is composed of two parts: a central 
glomerulus of vessels, and a double-walled 
membranous envelope, the glomerular cap- 
sule (capsule of Bowman?’), which is the in- 
vaginated pouch-like commencement of a 
renal tubule. 

GLOMERULUS. The glomerulus is a tuft of 
nonanastomosing capillaries, among which 
there is a scanty amount of connective tis- 
sue. This capillary tuft is derived from an 
arteriole, the afferent vessel, which enters 
the capsule, generally at a point opposite to 
that at which the capsule joins the tubule 
(Fig. 17-24). Upon entering the capsule, the 
afferent arteriole divides into 2 to 10 primary 
branches, which in turn subdivide into 
about 50 capillary loops that generally do 
not anastomose. These loops are 300 to 500 
um long. The capillaries join to form the ef- 
ferent arteriole, which leaves Bowman's 
capsule adjacent to the afferent vessel, the 
latter generally being the larger of the two. 
The total surface area of the capillaries of all 
glomeruli is about 1 square meter. 

For a variable distance before the afferent 
arteriole enters the glomerulus, the muscle 
cells of the media adjacent to the distal con- 
volution of its own nephron are modified, 
appearing as relatively large afibrillar cells. 
This structure presents evidence of glandu- 
lar activity. At times it appears partially to 
invest the artery in a nest-like group of cells 
embedded in a delicate fibrillar network and 
is known as the juxtaglomerular apparatus. 

GLOMERULAR CAPSULE. The glomerular or 
Bowman’s capsule, which surrounds the glo- 


‘Marcello Malpighi (1628-1694): An Italian anatomist 
(Bologna). 
?Sir William Bowman (1816-1892): An English physician 
(London). 
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merulus, consists of a double-walled sac. 
The outer wall (parietal layer) is continuous 
with the inner wall (visceral layer) at the 
points of entrance and exit of the afferent 
and efferent vessels respectively. The cavity 
between the two layers is continuous with 
the lumen of the proximal convoluted tu- 
bule. The parietal layer is smooth. The vis- 
ceral layer covers the glomerulus and dips in 
between the capillary loops, almost com- 
pletely surrounding each one. Both layers of 
the capsule consist of flat epithelial cells that 
have a basement membrane. This covers the 
outer surface of the parietal layer and is con- 
tinuous with that of the tubule cells. The 
basement membrane of the visceral layer is 
in contact with the glomerular capillaries. 
Microdissection experiments of living glo- 
meruli show that they lie in a gelatinous 
matrix. The walls of the capillaries, the over- 
lying cells of the visceral layer of the cap- 
sule, and the gelatinous matrix constitute a 
filter mechanism through which nonprotein 
constituents of the blood plasma can enter 
the tubule. 

RENAL TUBULE. A renal tubule, beginning 
with the capsule of Bowman as it surrounds 
the glomerulus and ending where the tubule 
joins the excretory duct or collecting tubule, 
constitutes a nephron—the structural and 
functional unit of the kidney. There are 
about 1,250,000 of these units in each kidney. 

During its course, a tubule has many 
changes in shape and direction. It is con- 
tained partly in the cortical and partly in the 
medullary substance. At its junction with 
the glomerular capsule, it exhibits a some- 
what constricted portion, which is termed 
the neck. Beyond this the tubule becomes 
convoluted, and pursues a long course in the 
cortical substance constituting the proximal 
convoluted tube. The convolutions disap- 
pear as the tube approaches the medullary 
substance in a more or less spiral manner. 
Throughout this portion of its course the 
renal tubule is contained entirely in the cor- 
tical substance and has a fairly uniform cali- 
ber. It now enters the medullary substance, 
suddenly becomes much smaller, quite 
straight, and dips down for a variable depth 
into the pyramid, constituting the thin or de- 
scending limb of Henle’s loop. Bending on 
itself, it forms what is termed the loop of 
Henle and ascending, it becomes suddenly 
enlarged, forming the thick or ascending 
limb of Henle’s loop, which enters the corti- 
cal substance where it again becomes dila- 
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Fig. 17-24. Diagram of a portion of kidney lobule illustrating a nephron, typical histologic sections of the various 
divisions of a nephron, and the disposition of the renal vessels. The section of the collecting tubule is reproduced at 
a lower magnification than the divisions of the nephron. (Courtesy of R. G. Williams.) 


ted and tortuous. It is now called the distal 
convoluted tubule. The terminal part of the 
ascending limb of Henle’s loop crosses in 
contact with, or sometimes lies parallel to, 
the afferent arteriole of its own glomerulus. 
The turns of the distal convoluted tubule 
into which it merges lie among the coils of 
the proximal portion of the nephron and 
terminate in a narrow part that enters a col- 
lecting tubule. 

The straight or collecting tubes commence 
in the radiate part of the cortex, where they 
receive the curved ends of the distal convo- 
luted tubules. They unite at short intervals 
with one another, the resulting tubes pre- 
senting a considerable increase in caliber, so 
that a series of comparatively large tubes 
passes from the bases of the rays into the 
renal pyramids. In the medulla the tubes of 
each pyramid converge to join a central tube 
(duct of Bellini'), which finally opens on the 
summit of one of the papillae; the contents 
of the tube are therefore discharged into one 
of the minor calyces. 

Structure of the Renal Tubules. The vari- 
ous parts of the nephron present quite dif- 
ferent cellular appearances and these ap- 
pearances vary depending upon _ the 
functional state of the cells. The proximal 
convoluted tubule is about 14 mm long and 
59 um in diameter. It is composed of one 
layer of large cuboidal cells with central 
spherical nuclei. The cells dovetail laterally 
with one another and the lateral cell limits 
are rarely seen. The distal ends of the cells 
bulge into the lumen and are covered with a 
brush border. The cytoplasm is abundant 
and coarsely granular. Parallel striations in 
the cytoplasm perpendicular to the base- 
ment membrane are due to mitochondria. 

The transition between the epithelium of 
the proximal convoluted tubule and the thin 
segment is abrupt. The thin segment may be 
absent in nephrons beginning near the sur- 
face of the kidney. It is composed of squa- 
mous cells with pale-staining cytoplasm and 
flat nuclei. The epithelial change from the 
descending limb to the ascending or thick 
limb is also quite abrupt. The cells become 
cuboidal and deeper-staining, with perpen- 
dicular striations in the basal parts but with- 
out distinct cell boundaries or brush _ bor- 
ders. 

At about the junction of the ascending 
limb with the distal convoluted tubule, the 
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nephron comes into contact with the juxta- 
glomerular cells of its own afferent arteriole. 
Here the epithelium of the tubule is greatly 
modified, having high cells and crowded 
nuclei. This constitutes the macula densa or 
epithelial plaque. 

Transition to the tortuous distal convo- 
luted tubule is gradual. This segment of the 
nephron is about 5 mm long and 35 pm 
in diameter. The cells are lower and the 
lumen larger than in the proximal tubule. 
They do not have a brush border and the 
boundaries are fairly distinct. The distal 
convoluted tubule merges into a short con- 
necting segment that joins the collecting or 
excretory tubule. 

The collecting tubules have a typical epi- 
thelium which is quite different from that in 
the various portions of the nephron. In the 
smallest tubes, the cells are cuboidal and 
distinctly outlined with round nuclei and 
clear cytoplasm. As the tubules become 
larger, the cells are higher, finally becoming 
tall columnar cells in the ducts of Bellini. 
The columnar epithelium becomes continu- 
ous with the cells covering the surface of the 
papillae. 

The length of the nephron varies from 30 
to 38 mm, while the length of the collecting 
tubules is estimated at 20 to 22 mm. 


RENAL BLOOD VESSELS. The kidney is plentifully 
supplied with blood by the renal artery, a large 
branch of the abdominal aorta (Fig. 17-24). Before 
entering the kidney substance the number and dis- 
position of the branches of the renal artery exhibit 
great variation. In most cases, the renal artery di- 
vides into two primary branches, a larger anterior 
and a smaller posterior branch. The anterior branch 
supplies exclusively the anterior or ventral half of the 
organ and the posterior supplies the posterior or dor- 
sal half. Therefore, there is a line (Brddel’s line?) in 
the long axis of the lateral border of the kidney that 
passes between the two main arterial divisions in 
which there are no large vessels, a feature that Is 
utilized to minimize hemorrhage when nephrotomy 
is done. The primary branches subdivide and di- 
verge until they come to lie on the anterior and pos- 
terior aspects, respectively, of the calyces. Further 
subdivisions occur that enter the kidney substance 
and run between the pyramids. These are known as 
interlobar arteries. When these vessels reach the 
corticomedullary zone, they make more or less well- 
defined arches over the bases of the pyramids and 
are then called arcuate arteries. These vessels give 
off a series of branches called interlobular arteries. 


“Max Broédel (1870-1941): An American physician and 
medical artist (Baltimore). 
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The interlobular arteries and the terminal parts of 
the arcuate vessels run vertically and nearly parallel 
toward the cortex and periphery of the kidney. The 
interlobular arteries may terminate: (1) as an afferent 
glomerular artery to one or more glomeruli; (2) in a 
capillary plexus around the convoluted tubules in 
the cortices without relation to the glomerulus, 
therefore a nutrient artery; and (3) as a perforating 
capsular vessel. Divisions classified under (2) must 
be regarded as exceptional. 

The most important and numerous branches of 
the interlobular arteries are the afferent glomerular 
vessels. These break up into capillary loops, the glo- 
merulus, within Bowman's capsule. The loops unite 
to form the efferent arteriole. The efferent glomeru- 
lar vessel forms a plexus about the convoluted tu- 
bule and part of Henle’s loop and sends one or more 
branches toward the pelvis, the arteria recta, which 
supplies the collecting tubules and loops of Henle. 

The arteriae rectae are derived chiefly from the 
efferent arterioles of glomeruli located in the bound- 
ary zone. They are frequently known as arteriae rec- 
tae spuriae to distinguish them from a few straight 
vessels arising directly from the arcuate or interlobu- 
lar arteries without relation to glomeruli and hence 
called arteriae rectae verae. It is likely that the so- 
called arteriae rectae verae were once derived from 
an efferent glomerular vessel but that the glomeru- 
lus atrophied, thus giving them the appearance of 
true nutrient branches from the arcuate or interlobu- 
lar arteries. No arteriae rectae are derived from the 
vessels of the cortical zone. It has not been deter- 
mined whether anastomoses occur between the cap- 
illaries of adjacent nephrons. However, there is free 
anastomosis between the branches of the arteriae 
rectae. The arteriae rectae, or straight arteries, sur- 
round the limbs of Henle and pass down between 
the straight collecting tubules, where they form ter- 
minal plexuses around the tubes. 

This plexus drains into the venae rectae, which in 
turn carry the blood to the interlobular veins, thence 
into the arcuate veins, then into the interlobar veins 
and finally into the renal veins, which discharge into 
the inferior vena cava. Note that the chief renal ar- 
teries have counterparts in the venous system. All 
veins from the dorsal half of the kidney cross to the 
ventral half between the minor calyces to join the 
ventral collecting veins before leaving the kidney. 
Whatever arterial anastomoses there are within the 
kidney occur beyond the glomeruli; the renal ar- 
teries and their branches, therefore, are terminal as 
far as the arteriae rectae. An exception to this condi- 
tion is found in cases in which arteriovenous anasto- 
moses have been described. These connections 
have been found in three locations: between the ar- 
teries and veins of the sinus renalis, between the 
subcapsular vessels, and between the interlobular 
arteries and veins. In the latter position particularly, 
arterial blood could reach the tubules of the nephron 
by retrograde flow through the veins. The constancy 
with which this type of anastomosis occurs or its role 
in the circulation of the kidney has not been accu- 


rately determined. Anastomosis between veins !s 
rich. The perforating capsular vessels, the termina- 
tions of interlobular arteries, form connections with 
nonrenal vessels in the fat that surrounds the kidney. 
They frequently drain into the subcapsular or stel- 
late veins, which in turn drain into the interlobular 
veins. 

The lymphatics of the kidney are described in 
Chapter 10. 

NERVES. The nerves of the kidney, although 
small, number about 15. They have small ganglia 
and are derived from the renal plexus, which is 
formed by branches from the celiac plexus, the 
lower and outer part of the celiac ganglion and aortic 
plexus, and from the lesser and lowest splanchnic 
nerves. They communicate with the testicular 
plexus, a circumstance that may explain the occur- 
rence of pain in the testis in disorders of the kidney. 
They accompany the renal artery and its branches 
and are distributed to the blood vessels and to the 
cells of the urinary tubules. 

CONNECTIVE TISSUES. Although the tubules and 
vessels are closely packed, a small amount of con- 
nective tissue (ntertubu/ar stroma), continuous with 
the fibrous tunic, binds them firmly together and 
supports the blood vessels, lymphatics, and nerves. 

VARIATIONS. Malformations of the kidney are 
common. One kidney may be absent entirely, but 
the number of these cases is small. One kidney may 
be congenitally atrophied, in which case the kidney 
is very small but usually healthy in structure. These 
cases are important and must be taken into account 
when nephrectomy is contemplated. A more com- 
mon malformation is the fusion of the two kidneys 
together. They may be joined together only at their 
lower ends by means of a thick mass of renal tissue, 
forming a horseshoe-shaped body, or they may be 
completely united, forming a disc-like kidney, from 
which two ureters descend into the bladder. These 
fused kidneys are generally situated in the midline of 
the abdomen, but may be displaced as well. In some 
mammals, e.g., ox and bear, the kidney consists of a 
number of distinct lobules; this lobulated condition 
is characteristic of the kidney of the human fetus, 
and traces of it may persist in the adult. Sometimes 
the pelvis is duplicated, while a double ureter ts not 
uncommon. In some rare instances a third kidney 
may be present. 

One or both kidneys may be misplaced as a con- 
genital condition and remain fixed in this abnormal 
position. They are then often misshapen. They may 
be situated higher, though this is uncommon, or 
lower than normal, or removed farther from the ver- 
tebral column than usual. They may be displaced 
into the iliac fossa, over the sacroiliac joint, onto the 
promontory of the sacrum, or into the pelvis be- 
tween the rectum and bladder or by the side of the 
uterus. In these latter cases they may cause serious 
trouble. 

The kidney may also be displaced as a congenital 
condition but not fixed; it is then known as a floating 
kidney. This disorder is believed to be due to the fact 


that the kidney is completely enveloped by perito- 
neum, which then passes backward to the vertebral 
column as a double layer, forming a mesonephron 
that permits movement. The kidney may also be 
misplaced as an acquired condition; in these cases 
the kidney ts mobile in the tissues that surround it, 
moving with the capsule tn the perinephric tissues. 
This condition is known as movable kidney, and is 
more common in females than tn males. It occurs in 
badly nourished people or in those who have be- 
come emaciated from any cause. It must not be con- 
fused with the floating kidney, which is a congenital 
condition due to the development of a mesonephron. 
The two conditions cannot, however, be distin- 
guished until the abdomen is opened or the kidney 
explored from the loin. Accessory renal arteries that 
enter one or both poles of the kidney instead of at 
the hilum are fairly common. 


URETERS 


The ureters (Figs. 17-15; 17-16) are the two 
tubes that convey the urine from the kidneys 
to the urinary bladder. The renal portion of 
each tube commences within the sinus of the 
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corresponding kidney as a number of short 
cup-shaped tubes, termed calyces, which 
encircle the renal papillae (Fig. 17-25). Since 
a single calyx may enclose more than one 
papilla, the calyces are generally fewer in 
number than the pyramids—the former 
varying from 7 to 13, the latter from 8 to 18. 
The calyces join to form two or three short 
tubes, and these unite to form a funnel- 
shaped dilatation named the renal pelvis. 
The pelvis is situated partly inside and 
partly outside the renal sinus, where it be- 
comes continuous with the ureter, usually 
on a level with the spinous process of the 
first lumbar vertebra. 

The ureter proper varies in length from 
28 to 34 cm, the right being about 1 cm 
shorter than the left. It is a thick-walled 
narrow tube, not of uniform caliber, vary- 
ing from 1 mm to 1 cm in diameter. It runs 
caudalward and medialward on the psoas 
major muscle, and entering the pelvic cav- 
ity, finally opens into the fundus of the 
bladder. 





Fig. 17-25. 


Ureters, pelves, and minor calyces after intravenous injection of a radiopaque medium (Uroseleetan). 


Note cupping of minor calyces; the relation of the ureter to the transverse processes of the lumbar vertebrae, and the 
psoas major. The arrow points to the shadow of the right kidney. Anterior view. 
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Abdominal Part 


The abdominal part lies behind the perito- 
neum on the medial part of the psoas major 
embedded in the subserous fascia, and is 
crossed obliquely by the testicular vessels. It 
enters the pelvic cavity by crossing either 
the termination of the common iliac vessels 
or the commencement of the external iliac 
vessels (Fig. 17-15). 

At its origin, the right ureter is usually 
covered by the descending part of the duo- 
denum. In its course, it lies to the right of the 
inferior vena cava, and is crossed by the 
right colic and ileocolic vessels, while near 
the superior aperture of the pelvis, it passes 
dorsal to the caudal part of the mesentery 
and the terminal part of the ileum. The left 
ureter is crossed by the left colic vessels, and 
near the superior aperture of the pelvis, it 
passes behind the sigmoid colon and its mes- 
ENnlery. 


Pelvic Part 


This part runs at first caudalward on the 
lateral wall of the pelvic cavity, along the 
anterior border of the greater sciatic notch 
and under cover of the peritoneum. It lies 
ventral to the internal iliac artery medial to 
the obturator nerve and the obturator, infe- 
rior vesical, and middle rectal arteries. Op- 
posite the lower part of the greater sciatic 
foramen it inclines medialward and reaches 
the lateral angle of the bladder, where it is 
situated ventral to the upper end of the semi- 
nal vesicle; here the ductus deferens crosses 
to its medial side, and the vesical veins sur- 
round it. Finally, the ureters run obliquely 
for about 2 cm through the wall of the blad- 
der and open by slit-like apertures into the 
cavity of the viscus at the lateral angles of 
the trigone. When the bladder is distended, 
the openings of the ureters are about 5 cm 
apart, but when it is empty and contracted, 
the distance between them is diminished by 
one-half. Owing to their oblique course 
through the coats of the bladder, the upper 
and lower walls of the terminal portions of 
the ureters become closely applied to each 
other when the viscus is distended, and act- 
ing as valves, prevent regurgitation of urine 
from the bladder. The ureter normally un- 
dergoes constriction at three points in its 
course: (1) at the ureteropelvic junction (av- 
erage diameter, 2 mm); (2) where it crosses 


the iliac vessels (average diameter, 4 mm); (3) 
where it joins the bladder (average diameter, 
1 to 5mm). Between these points the abdom- 
inal ureter averages 10 mm in diameter, and 
the pelvic ureter, 5 mm. 

In the female, the ureter forms, as it lies in 
relation to the wall of the pelvis, the poste- 
rior boundary of a shallow depression 
named the ovarian fossa, in which the ovary 
is situated. It then runs medialward and 
ventralward on the lateral aspect of the cer- 
vix uteri and upper part of the vagina to 
reach the fundus of the bladder. In this part 
of its course it is accompanied for about 
2.5 cm by the uterine artery, which then 
crosses over the ureter and ascends between 
the two layers of the broad ligament. The 
ureter is about 2 cm distant from the side of 
the uterine cervix. 


Structure 


The ureter is composed of three coats: fi- 
brous, muscular, and mucous (Fig. 17-26). 

The fibrous coat is continuous at one end 
with the fibrous tunic of the kidney on the 
floor of the sinus, while at the other it is lost 
in the fibrous structure of the bladder. 

In the renal pelvis the muscular coat con- 
sists of two layers, longitudinal and circular: 
the longitudinal fibers become lost upon the 
sides of the papillae at the extremities of the 
calyces; the circular fibers may be traced 


Fibrous tissue 


NAN Longitudinal 
we \\\ LWA) ) muscular fibers 
i) 
i) "i Circular muscular 
Wy fibers 


Subepithelial 
connective tissue 


| Ny 
/ ; 
DB 
Lae y ft 
be hei, f. 
a AH: 3 a 9 | 
» H j r) { 
N r Hy i. q\' 
‘AK by q Pe 
‘ 
' 


Transitional 
epithelium 





Fic. 17-26. Transverse section of ureter. 


surrounding the medullary substance in the 
same situation. In the ureter proper the mus- 
cular fibers are distinct and arranged in 
three layers: an external longitudinal layer, a 
middle circular layer, and an internal layer, 
which is less distinct than the other two. but 
has a general longitudinal direction. This 
internal layer is found only in the neighbor- 
hood of the bladder. 

The mucous coat is smooth, having only a 
few longitudinal folds that become effaced 
by distention. It is continuous with the mu- 
cous membrane of the bladder below, while 
it is prolonged over the papillae of the kid- 
ney above. Its epithelium is transitional and 
resembles that found in the bladder (see Fig. 
17-33). It consists of several layers of cells, of 
which the innermost—that is to say, the cells 
in contact with the urine—are somewhat 
flattened, with concavities on their deep sur- 
faces into which the rounded ends of the 
cells of the second layer fit. These intermedi- 
ate cells more or less resemble columnar epi- 
thelium; they are pear-shaped, with rounded 
internal extremities that fit into the concav- 
ities of the cells of the first layer, and narrow 
external extremities that are wedged be- 
tween the cells of the third layer. The exter- 
nal or third layer consists of conical or oval 
cells that vary in number in different parts 
and have processes that extend into the 
basement membrane. Beneath the epithe- 
lium and separating it from the muscular 
coats is a dense layer of fibrous tissue con- 
taining many elastic fibers.. 


VESSELS AND NERVES. The arteries supplying 
the ureter are branches from the renal, testicular, 
internal iliac, and inferior vesical arteries. 

The nerves are derived from the inferior mesen- 
teric, testicular, and pelvic plexuses. The lower one- 
third of the ureter contains nerve cells that are prob- 
ably incorporated in vagus efferent chains. The af- 
ferent supply of the ureter is contained in the 
eleventh and twelfth thoracic and first lumbar 
nerves. The vagus supply to the ureter probably also 
has afferent components. 

VARIATIONS. The upper portion of the ureter !s 
sometimes double; rarely it is double the greater 
part of its extent, or even completely so. In such 
cases there are two openings into the bladder. 
Asymmetry in these variations is common. 


URINARY BLADDER 
The urinary bladder (Fig. 17-27) is a mus- 


culomembranous sac that acts as a reservoir 
for the urine. As its size, position, and rela- 
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tions vary according to the amount of fluid it 
contains, it is necessary to study it as it ap- 
pears (a) when empty, and (b) when dis- 
tended (Fig. 17-28). In both conditions, the 
position of the bladder varies with the con- 
dition of the rectum, being pushed upward 
and forward when the rectum is distended. 


Empty Bladder 


When hardened in situ, the empty bladder 
has the form of a flattened tetrahedron, with 
its vertex tilted ventralward. It has a fundus, 
a vertex, a superior and an inferior surface. 
The fundus (Fig. 17-44) is triangular and is 
directed caudalward and dorsalward toward 
the rectum, from which it is separated by the 
rectovesical fascia, the seminal vesicles, and 
the terminal portions of the ductus deferen- 
tes. The vertex is directed ventralward to- 
ward the upper part of the symphysis pubis, 
and from it the median umbilical ligament is 
continued cranialward on the anterior ab- 
dominal wall to the umbilicus. The peri- 
toneum covering the ligament is the median 
umbilical fold. 

The superior surface is triangular, bounded 
on either side by a lateral border that sepa- 
rates it from the inferior surface, and by a 
posterior border, represented by a line join- 
ing the two ureters, which intervenes be- 
tween it and the fundus. The lateral borders 
extend from the ureters to the vertex, and 
from them the peritoneum is carried to 
the walls of the pelvis. On either side of the 
bladder the peritoneum shows a depression, 
named the paravesical fossa. The superior 
surface is covered by peritoneum and is in 
relation with the sigmoid colon and some of 
the coils of the small intestine. When the blad- 
der is empty and firmly contracted, this sur- 
face is convex and the lateral and posterior 
borders are round, whereas if the bladder is re- 
laxed it is concave, and the interior of the vis- 
cus, aS seen in a median sagittal section, has 
the appearance of a V-shaped slit, with a 
shorter posterior and a longer anterior limb— 
the apex of the V corresponding with the 
internal orifice of the urethra. 

The inferior surface is uncovered by peri- 
toneum. It may be divided into a posterior or 
prostatic area and two lateral surfaces. The 
prostatic area rests upon and is in direct con- 
tinuity with the base of the prostate; and 
from it the urethra emerges. The lateral por- 
tion of the inferior surface is directed cau- 
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Fig. 17-27. Median sagittal section through male pelvis, viewed from left side. (Eycleshymer and Jones.) 


dalward and lateralward and is separated 
from the symphysis pubis by the prevesical 
fascial cleft (cavum Retzii)?. 

When the bladder is empty, it is placed 
entirely within the pelvis, below the level of 
the obliterated hypogastric arteries, and 
below the level of those portions of the duc- 
tus deferentes that are in contact with the 
lateral wall of the pelvis; after they cross the 
ureters, the ductus deferentes come into con- 
tact with the fundus of the bladder. As the 
viscus fills, its fundus, being more or less 
fixed, is only slightly depressed, while its 
superior surface gradually rises into the ab- 
dominal cavity, carrying with it its perito- 
neal covering and at the same time rounding 
off the posterior and lateral borders. 


Distended Bladder 


When the bladder is moderately full, it 
contains about 0.5 L and assumes an oval 
form; the long diameter of the oval measures 


' Anders Adolf Retzius (1796-1860): A Swedish anatomist 
(Stockholm). 


about 12 cm and is directed cranialward and 
ventralward. In this condition it presents a 
posterosuperior and an anteroinferior sur- 
face and two lateral surfaces—a fundus and 
a summit. 

The posterosuperior surface is covered by 
peritoneum. Dorsally, it is separated from 
the rectum by the rectovesical excavation, 
while its anterior part is in contact with the 
coils of the small intestine. 

The anteroinferior surface is devoid of 
peritoneum; it rests against the pubic bones, 
above which it is in contact with the back of 
the anterior abdominal wall. The caudal 
parts of the lateral surfaces are destitute of 
peritoneum and are in contact with the lat- 
eral walls of the pelvis. The line of perito- 
neal reflection from the lateral surface is 
raised to the level of the obliterated hypo- 
gastric artery. 

The fundus undergoes little alteration in 
position, being only slightly lowered. It ex- 
hibits, however, a narrow triangular area, 
which is separated from the rectum merely 
by the rectovesical fascia. This area is 
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Fic. 17-28. Male pelvic organs and perineum seen from left side after removal of left pelvic wal]. Bladder and rectum 


moderately distended. (Eycleshymer and Jones.) 


bounded below by the prostate, above by the 
rectovesical fold of peritoneum, and later- 
ally by the ductus deferentes. The ductus 
deferentes frequently come in contact with 
each other above the prostate, and under 
such circumstances the lower part of the tri- 
angular area is obliterated. The line of re- 
flection of the peritoneum from the rectum 
to the bladder appears to undergo little or no 
change when the bladder is distended; it is 
situated about 10 cm from the anus. 

The summit is directed cranialward and 
ventralward above the point of attachment 
of the median umbilical ligament, and hence 
the peritoneum that follows the ligament 
forms a pouch of varying depth between the 
summit of the bladder and the anterior ab- 
dominal wall. 


Bladder in the Child 


In the newborn child the internal urethral 
orifice is at the level of the upper border of 
the symphysis pubis (Figs. 17-29; 17-30); the 
bladder therefore lies relatively at a much 
higher level in the infant than in the adult. 
Its anterior surface is in contact with about 
the lower two-thirds of that part of the ab- 
dominal wall which lies between the sym- 
physis pubis and the umbilicus. Its fundus is 
clothed with peritoneum as far as the level 
of the internal orifice of the urethra. Al- 
though the bladder of the infant is usually 
described as an abdominal organ, only about 
one-half of it lies above the plane of the su- 
perior aperture of the pelvis. The internal 
urethral orifice sinks rapidly during the first 
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Fic. 17-29. 


three years, and then more slowly until the 
ninth year, after which it remains stationary 
until puberty, when it again slowly descends 
and reaches its adult position. 


Female Bladder 


In the female, the bladder is in relation 
dorsally with the uterus and the upper part 
of the vagina (Fig. 17-31). It is separated from 
the anterior surface of the body of the uterus 
by the vesicouterine excavation, but below 
the level of this excavation it is connected to 
the front of the cervix uteri and the upper 


Uterine tube 


Cavity of uterus 


Sigmoid colon 


Rectum 


Sagittal section through the pelvis of a newly born male child. 


part of the anterior wall of the vagina by are- 
olar tissue. When the bladder is empty the 
uterus rests upon its superior surface. The 
female bladder is said by some to be more 
capacious than that of the male, but proba- 
bly the opposite is the case. 


Ligaments 


The bladder is held in position by liga- 
mentous attachments at its inferior portion 
or base, that is, near the exit of the urethra, 
and at the vertex. The remainder of the wall, 
enclosed in subserous fascia, is free to move 
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Fig. 17-30. Sagittal section through the pelvis of a newly born female child. 
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during the expansion and contraction of 
filling and emptying. 

The base of the bladder is attached to the 
internal investing layer of deep fascia on the 
pubic bone by strong fibrous bands that may 
contain muscle fibers, the pubovesicales. In 
the male, because the prostate is firmly 
bound to the bladder in this region, these at- 
tachments are between the prostate and 
pubic bone rather than directly to the blad- 
der, and they are named the medial and lat- 
eral puboprostatic ligaments. In the female 
the attachments are directly between blad- 
der and pubis and are therefore called the 
pubovesical ligaments. 

The base of the bladder is secured poster- 
orly to the side of the rectum and the sacrum 
by condensations of the subserous fascia 
underlying the sacrogenital folds. They are 
called the rectovesical ligaments, or, since 
they may contain smooth muscle bundles, 
the rectovesical muscles. 

The median umbilical ligament is a fibrous 
or fibromuscular cord, the remains of the 
urachus, which extends from the vertex of 
the bladder to the umbilicus. It is broad at its 
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attachment to the bladder and becomes nar- 
row as it nears the umbilicus. 

In addition to these fibrous or true liga- 
ments, there is a series of folds where the 
peritoneum is reflected from the bladder to 
the abdominal wall; these are called false 
ligaments of the bladder. Anteriorly there 
are three folds: the median umbilical fold on 
the median umbilical ligament, and two lat- 
eral umbilical folds on the obliterated um- 
bilical arteries. The reflections of the perito- 
neum onto the side wall of the pelvis form 
the lateral false ligaments, while the 
sacrogenital folds constitute posterior false 
ligaments. 


Interior of the Bladder 


The mucous membrane lining the greater 
part of the bladder is loosely attached to the 
muscular coat, and appears wrinkled or 
folded when the bladder is contracted (Fig. 
17-32); in the distended condition the folds 
are effaced. Over a small triangular area, 
termed the trigone, immediately above and 
behind the internal orifice of the urethra, the 
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FiG. 17-32. The interior of bladder. 


mucous membrane is firmly bound to the mus- 
cular coat and is always smooth. The ante- 
rior angle of the trigone is formed by the 
internal orifice of the urethra: its posterolat- 
eral angles are formed by the orifices of the 
ureters. Stretching dorsal to the latter open- 
ings is a slightly curved ridge, the torus 
uretericus, which forms the base of the tri- 
gone and is produced by an underlying bun- 
dle of nonstriped muscular fibers. The lat- 
eral parts of this ridge extend beyond the 
openings of the ureters and are named the 
plicae uretericae; they are produced by the 
terminal portions of the ureters as they tra- 
verse the bladder wall obliquely. When the 
bladder is illuminated, the torus uretericus 
appears as a pale band and forms an impor- 
tant guide during the operation of introduc- 
ing a catheter into the ureter. 

The orifices of the ureters are placed at the 
posterolateral angles of the trigone and are 
usually slit-like in form. In the contracted 
bladder, they are about 2.5 cm apart and 
about the same distance from the internal 
urethral orifice; in the distended viscus. 
these measurements may be increased to 
about 5 cm. 

The internal urethral orifice is placed at 
the apex of the trigone in the most depend- 
ent part of the bladder; it usually has a some- 
what crescentic form. The mucous mem- 
brane immediately behind it presents a 
slight elevation, the uvula vesicae, caused by 
the middle lobe of the prostate. 


Structure 


The bladder is composed of the four coats: 
serous, muscular, submucous, and mucous 
(Fig. 17-33). 

SEROUS COAT. The serous coat is a partial 
one and is derived from the peritoneum. It 
invests the superior surface and the upper 
parts of the lateral surfaces, and is reflected 
from these onto the abdominal and pelvic 
walls. 

MUSCULAR COAT. The muscular coat con- 
sists of three layers of smooth muscular fi- 
bers: an external layer, composed of fibers 
having for the most part a longitudinal ar- 
rangement; a middle layer, in which the fi- 
bers are arranged more or less in a circular 
manner; and an internal layer, in which the 
fibers have a general longitudinal arrange- 
ment (Fig. 17-34). 

The fibers of the external layer arise from 
the posterior surface of the body of the pubis 
in both sexes (musculi pubovesicales), and 
in the male from the adjacent part of the 
prostate and its capsule. They pass, in a 
more or less longitudinal manner, up the in- 
ferior surface of the bladder, over its vertex, 
and then descend along its fundus, to be- 
come attached to the prostate in the male 
and to the front of the vagina in the female. 
At the sides of the bladder, the fibers are ar- 
ranged obliquely and intersect one another. 
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(After McCrea.) 


This layer has been named the detrusor 
urinae muscle. 

The fibers of the middle circular layer are 
thinly and irregularly scattered on the body 
of the organ, and although to some extent 
they are placed transversely to the long axis 
of the bladder, they are largely arranged ob- 
liquely. Toward the lower part of the blad- 
der, around the internal urethral orifice, they 
are disposed in a thick circular layer, form- 
ing the sphincter vesicae, which is continu- 
ous with the muscular fibers of the prostate. 

The internal longitudinal layer is thin. Its 
fasciculi have a reticular arrangement but 
with a tendency to assume for the most part 
a longitudinal direction. -Two bands of 
oblique fibers, originating behind the ori- 
fices of the ureters, converge to the back part 
of the prostate and are inserted by means of 
a fibrous process into the middle lobe of that 
organ. They are the muscles of the ureters, 
described in the early 19th century by Sir C. 
Bell, who supposed that during the contrac- 
tion of the bladder they serve to retain the 
oblique direction of the ureters and so pre- 
vent the reflux of the urine into them. 

SuBMUCOUS CoAT. The submucous coat 
consists of a layer of areolar tissue connect- 
ing the muscular and mucous coats and inti- 
mately united to the latter. 

mucous CoAT. The mucous coat is thin, 
smooth, and a pale rose color. It is continu- 
ous above through the ureters with the lining 
membrane of the renal tubules and below 
with that of the urethra. The loose texture of 
the submucous layer allows the mucous coat 
to be thrown into folds or rugae when the 
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bladder is empty. Over the trigone the mu- 
cous membrane is closely attached to the 
muscular coat, and is not thrown into folds, 
but is smooth and flat. The epithelium cover- 
ing it is transitional, consisting of a superfi- 
cial layer of polyhedral flattened cells, each 
with one, two, or three nuclei; beneath these 
is a Stratum of large club-shaped cells, with 
their narrow extremities directed downward 
and wedged between smaller spindle- 
shaped cells, containing oval nuclei (Fig. 17- 
33). The epithelium varies accordingly as the 
bladder is distended or contracted. In the 
former condition the superficial cells are 
flattened and those of the other layers are 
shortened; in the latter they present the ap- 
pearance described above. There are no true 
glands in the mucous membrane of the blad- 
der, though certain mucous follicles that 
occur especially near the neck of the bladder 
have been regarded as such. 


VESSELS AND NERVES. The arteries supplying 
the bladder are the superior, middle, and inferior 
vesical arteries, derived from the internal iliac artery. 
The obturator and inferior gluteal arteries also sup- 
ply small visceral branches to the bladder, and in the 
female additional branches are derived from the 
uterine and vaginal arteries. 

The veins form a complicated plexus on the infe- 
rior surface and the fundus near the prostate; they 
end in the internal iliac veins. 

The lymphatics are described in Chapter 10. 

The nerves of the bladder are (1) fine medullated 
fibers from the third and fourth sacral nerves, and 
(2) nonmedullated fibers from the hypogastric 
plexus. They are connected with ganglia in the outer 
and submucous coats and are finally distributed, all 
as nonmedullated fibers, to the muscular layer and 
epithelial lining of the viscus. 

VARIATIONS. A defect of development is known 
as extroversion of the bladder. |n this condition the 
lower part of the abdominal wall and the anterior 
wall of the bladder are wanting, so that the fundus of 
the bladder appears on the abdominal surface and is 
pushed forward by the pressure of the viscera within 
the abdomen, forming a red vascular tumor on 
which the openings of the ureters are visible. The 
penis, except the glans, is rudimentary and is cleft 
on its dorsal surface, exposing the floor of the ure- 
thra, a condition known as ep/spadias. The pelvic 
bones are also arrested in development. 


MALE URETHRA 


The male urethra (Fig. 17-35) extends from 
the internal urethral orifice in the urinary 
bladder to the external urethral orifice at the 
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Fig. 17-35. The male urethra laid open on its anterior 
(upper) surface. 


end of the penis. It has a double curve in the 
ordinary relaxed state of the penis (Fig. 17- 
27). Its length varies from 17.5 to 20 cm, and 
it is divided into three portions, prostatic, 
membranous, and spongiose, the structure 
and relations of which are essentially differ- 
ent. Except during the passage of the urine 
or semen, the greater part of the urethral 
canal is a mere transverse cleft or slit, with 
its surfaces in contact. At the external orifice 
the slit is vertical, in the membranous por- 
tion it is irregular or stellate, and in the pros- 
tatic portion it is somewhat arched. 


Prostatic Portion 


This portion, the widest and most dilata- 
ble part of the canal, is about 3 cm long. It 
runs almost vertically through the prostate 
from its base to its apex, lying nearer its 
anterior than its posterior surface. The form 


of the canal is spindle-shaped, being wider 
in the middle than at either extremity and 
narrowest below, where it joins the mem- 
branous portion. A transverse section of the 
canal as it lies in the prostate is horseshoe- 
shaped, with the convexity directed ventral- 
ward. 

Upon the posterior wall or floor is a nar- 
row longitudinal ridge, the urethral crest, 
formed by an elevation of the mucous mem- 
brane and its subjacent tissue. It is 15 to 
17 mm long and about 3 mm high. On either 
side of the crest is a slightly depressed fossa. 
the prostatic sinus, the floor of which is per- 
forated by numerous apertures, the orifices 
of the prostatic ducts from the lateral lobes 
of the prostate; the ducts of the middle lobe 
open behind the crest. At the distal part of 
the urethral crest, below its summit, is a 
median elevation, the colliculus seminalis or 
verumontanum, upon or within the margins 
of which are the orifices of the prostatic utri- 
cle and the slit-like openings of the ejacula- 
tory ducts. 

The prostatic utricle forms a cul-de-sac 
about 6 mm long, which runs upward and 
backward in the substance of the prostate 
behind the middle lobe. Its walls are com- 
posed of fibrous tissue, muscular fibers, and 
mucous membrane, and numerous small 
glands open on its inner surface. Some au- 
thors call it the uterus masculinus, because 
it is developed from the united lower ends of 
the atrophied paramesonephric or Miillerian 
ducts, and therefore is homologous with the 
uterus and vagina in the female. 


Membranous Portion 


This portion is the shortest, least dilatable, 
and with the exception of the external ori- 
fice, the narrowest part of the canal. It ex- 
tends between the apex of the prostate and 
the bulb of the penis, perforating the urogen- 
ital diaphragm about 2.5 cm from the pubic 
symphysis. The dorsal part of the urethral 
bulb lies in apposition with the superficial 
laver of the urogenital diaphragm, but its 
upper portion diverges somewhat from this 
fascia. The anterior wall of the membranous 
urethra is thus prolonged for a short distance 
ventral to the urogenital diaphragm: it meas- 
ures about 2 cm in length, while the poste- 
rior wall, which is between the two fasciae 
of the diaphragm, is only 1.25 cm long. 

The membranous portion of the urethra is 
completely surrounded by the fibers of the 


sphincter urethrae. Ventral to it, the deep 
dorsal vein of the penis enters the pelvis be- 
tween the transverse ligament of the pelvis 
and the arcuate pubic ligament; on either 
side near its termination are the bulboure- 
thral glands. 


Spongiose Portion 


The spongiose portion (penile portion) is 
the longest part of the urethra and is con- 
tained in the corpus spongiosum. It is about 
15 cm long, and extends from the termina- 
tion of the membranous portion to the exter- 
nal urethral orifice. Commencing at the su- 
perficial layer of the urogenital diaphragm, it 
passes ventralward and upward to the front 
of the symphysis pubis, and then, in the flac- 
cid penis, it bends downward. It is narrow 
and has a uniform size in the body of the 
penis, measuring about 6 mm in diameter; it 
is dilated proximally, within the bulb, and 
again anteriorly within the glans penis, 
where it forms the fossa _ navicularis 
urethrae. 


External Urethral Orifice 


This is the most contracted part of the ure- 
thra; it is a vertical slit, about 6 mm long, 
bounded on each side by a small labium. 

The lining membrane of the urethra, espe- 
cially that on the floor of the spongiose por- 
tion, contains the orifices of numerous mu- 
cous glands and follicles situated in the sub- 
mucous tissue; these are named the urethral 
glands (of Littré)'. There are also small pit- 
like recesses, or lacunae, of varying sizes. 
These orifices are directed distalward, so 
that they may easily intercept the point of a 
catheter in its passage along the canal. One 
of these lacunae, larger than the rest, is situ- 
ated on the upper surface of the fossa 
navicularis; it is called the lacuna magna. 
The bulbourethral glands open into the cav- 
ernous portion about 2.5 cm distal to the in- 
ferior fascia of the urogenital diaphragm. 


Structure 


The urethra is composed of mucous 
membrane supported by a submucous tissue 
that connects it with the various structures 
through which it passes. 


1 Alexis Littré (1658-1725): A French surgeon (Rheims and 
Paris). 
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MUCOUS COAT. The mucous coat is contin- 
uous with the mucous membrane of the 
bladder, ureters, and kidneys; externally, it 
is continuous with the integument covering 
the glans penis. It is prolonged into the ducts 
of the glands that open into the urethra, viz., 
the bulbourethral glands and the prostate, 
and into the ductus deferentes and seminal 
vesicles through the ejaculatory ducts. In the 
spongiose and membranous portions, the 
mucous membrane is arranged in longitudi- 
nal folds when the tube is empty. Small pa- 
pillae are found upon it, near the external 
urethral orifice. Its epithelial lining is colum- 
nar except near the external orifice, where it 
is squamous and stratified. 

SUBMUCOSA. The submucosa has a char- 
acteristic structure. It is composed of a thick 
stroma of connective tissue rich in elastic 
fibers. These fibers connect freely with the 
spongy tissue of the penis, which prevents 
ready removal of the mucosa in this region. 
However, in the membranous and prostatic 
portions, which change but little during 
erection, the urethra is quite free and may on 
dissection be stripped readily. 


VESSELS AND NERVES. The urethral artery, a 
branch of the internal pudendal artery in the peri- 
neum, supplies the membranous and penile urethra. 
The veins of the urethra and corpus spongiosum 
drain into the deep vein of the penis and the puden- 
dal plexus. The lymphatics are described in Chapter 
10. The nerves come from the pudendal nerve. 

CONGENITAL DEFECTS. The defect most fre- 
quently met is dne in which there is a cleft of the 
floor of the urethra owing to an arrest of union in the 
midline. This is known as Aypospadias, and the cleft 
may vary in extent. In the simplest and most com- 
mon form, the deficiency is confined to the glans 
penis. The urethra ends at the point where the ex- 
tremity of the prepuce joins the body of the penis, in 
a small valve-like opening. The prepuce is also cleft 
on its undersurface and forms a sort of hood over 
the glans. There is a depression on the glans in the 
position of the normal meatus. This condition pro- 
duces no disability and requires no treatment. 

In more severe cases the spongiose portion of the 
urethra is cleft throughout its entire length, and the 
opening of the urethra occurs at the junction of the 
penis and the scrotum. The undersurface of the 
penis in the midline has a furrow lined by a moist 
mucous membrane, on either side of which is often 
more or less dense fibrous tissue stretching from the 
glans to the opening of the urethra, which prevents 
complete erection from taking place. Great discom- 
fort is induced during micturition and sexual inter- 
course is impossible. The condition may be reme- 
died by a series of plastic operations. 

The worst form of this condition occurs when the 
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urethra is deficient as far back as the perineum, and 
the scrotum ts cleft. The penis is small and bound 
down between the two halves of the scrotum, re- 
sembling a hypertrophied clitoris. The testes are 
often undescended. The condition of parts, therefore, 
greatly resembles the external genitalia of the fe- 
male, and many children, the victims of this malfor- 
mation, have been raised as girls. The halves of the 
scrotum, deficient of testes, resemble the labia, the 
cleft between them looks like the orifice of the va- 
gina, and the diminutive penis is mistaken for an 
enlarged clitoris. 

A more uncommon form of malformation involves 
an apparent deficiency of the upper wall of the ure- 
thra; this is named epispadias. The deficiency may 
vary In extent; complete deficiency is associated 
with extroversion of the bladder. In less extensive 
cases without extroversion, there is an infundibuli- 
form opening into the bladder. The penis is usually 
dwarfed and turned upward, so that the glans lies 
over the opening. Congenital stricture also occurs 
occasionally, and in such cases multiple strictures 
may be present throughout the whole length of the 
spongiose portion. 


FEMALE URETHRA 


The female urethra (Fig. 17-31) is a narrow 
membranous canal, about 4 cm long, extend- 
ing from the bladder to the external orifice 
in the vestibule. It is dorsal to the symphysis 
pubis and embedded in the anterior wall of 
the vagina. Its direction is obliquely down- 
ward and forward; it is slightly curved, with 
the concavity directed forward. Its diameter 
when undilated is about 6 mm. It perforates 
the fasciae of the urogenital diaphragm, and 
its external orifice is situated directly ventral 
to the vaginal opening and about 2.5 cm dor- 
sal to the glans clitoridis. The lining mem- 
brane is thrown into longitudinal folds, one 
of which, placed along the floor of the canal. 
is termed the urethral crest. Many small ure- 
thral glands open into the urethra. The larg- 
est of these are the paraurethral glands (of 
Skene), the ducts of which open just within 
the urethral orifice. 


Structure 


The female urethra consists of three coats: 
muscular, erectile, and mucous. 

coats. The muscular coat is continuous 
with that of the bladder; it extends the whole 
length of the tube, and consists of circular 
fibers. In addition, between the superior and 
inferior fasciae of the urogenital diaphragm, 


the female urethra is surrounded by the 
sphincter urethrae, as in the male. 

A thin layer of spongy erectile tissue, con- 
taining a plexus of large veins intermixed 
with bundles of unstriped muscular fibers, 
lies immediately beneath the mucous coat. 

The mucous coat is continuous externally 
with that of the vulva, and internally with 
that of the bladder. It is lined by stratified 
squamous epithelium, which becomes tran- 
sitional near the bladder. Its external orifice 
is surrounded by a few mucous follicles. 


VESSELS AND NERVES. The arteries are derived 
from the inferior vesical and internal pudendal ar- 
teries. The veins drain into the vesical and vaginal 
veins. The lymphatics are described in Chapter 10. 
The nerves are from the pelvic plexus and pudendal 
nerves. 


Male Genital Organs 


The male genitals include the testes, the 
ductus deferentes, the vesiculae seminales, 
the ejaculatory ducts, and the penis, together 
with the following accessory structures, viz., 
the prostate and the bulbourethral glands. 


TESTES AND THEIR COVERINGS 


The testes (Figs. 17-36; 17-37) are two par- 
enchymatous organs that produce the 
semen; they are suspended in the scrotum by 
the spermatic cords. At an early period of 
fetal life the testes are contained in the ab- 
dominal cavity, behind the peritoneum. Be- 
fore birth they descend to the inguinal canal, 
along which they pass, and emerging at the 
superficial inguinal ring, descend into the 
scrotum, becoming invested in their course 
by coverings derived from the serous, mus- 
cular, and fibrous layers of the abdominal 
parietes, as well as by the scrotum. 


Coverings 
The coverings of the testes are: 
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Fic. 17-36. The scrotum. The penis has been turned upward and the anterior wall of the scrotum has been removed. 
On the right side, the spermatic cord, the internal spermatic fascia, and the cremaster muscles are displayed; on the left 
side the internal spermatic fascia has been divided by a longitudinal incision passing along the front of the cord and 
the testicle, and a portion of the parietal layer of the tunica vaginalis has been removed to display the testicle and a 
portion of the head of the epididymis covered by the visceral layer of the tunica vaginalis. (Toldt.) 


scrotum. ‘The scrotum is a cutaneous 
pouch containing the testes and parts of the 
spermatic cords. It is divided on its surface 
into two lateral portions by a ridge or raphe, 
which is continued ventralward to the un- 
dersurface of the penis, and dorsalward 
along the midline of the perineum to the 
anus. The external aspect of the scrotum 
varies under different circumstances. Under 
the influence of warmth and in old and de- 
bilitated persons, it becomes elongated and 
flaccid, but under the influence of cold, and 
in the young and robust, it is short, corru- 
gated, and closely applied to the testes. Of 
the two lateral portions, the left hangs lower 


than the right, to correspond with the greater 
length of the left spermatic cord. 

The scrotum consists of two layers, the 
skin or integument and the dartos tunic. 

Integument. The integument is thin, 
brownish, and generally thrown into folds or 
rugae. It is provided with sebaceous folli- 
cles, the secretion of which has a character- 
istic odor, and is beset with thinly scattered, 
crisp kinky hairs, the roots of which are visi- 
ble through the skin. 

Dartos Tunic. The dartos tunic contains a 
thin layer of nonstriped muscular fibers that 
are continuous around the base of the scro- 
tum with the two layers of the superficial 
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fascia of the groin and the perineum. It sends 
inward a septum, which divides the scrotal 
pouch into two cavities for the testes, and 
extends between the raphe and the under- 
surface of the penis as far as its root. 

The dartos tunic is closely united to the 
skin externally, but is separated from the 
subjacent parts by a distinct fascial cleft, 
upon which it glides with the greatest facil- 
ity. It contains no fat and is highly vascular. 

EXTERNAL SPERMATIC FASCIA. The external 
spermatic fascia (intercrural or intercolum- 
nar fascia) is a thin membrane prolonged 
distalward over the cord and testis. It is con- 
tinuous at the superficial inguinal ring with 
the aponeurosis of the obliquus externus 
abdominis and is separated from the enclos- 
ing dartos by a fascial cleft. 

CREMASTERIC LAYER. The  cremasteric 
laver consists of the scattered bundles of the 
cremaster muscle connected into a continu- 
ous membrane by the cremasteric fascia. It 
forms the middle spermatic layer and corre- 
sponds to the obliquus internus abdominis 
and its fasciae. 

INTERNAL SPERMATIC LAYER. The internal 
spermatic fascia (infundibuliform fascia; 
tunica vaginalis communis) is a thin mem- 
brane that is often difficult to separate from 
the cremasteric layer but more easily sepa- 
rates from the cord and testis, which it en- 
closes. It is continuous at the deep inguinal 
ring with the transversalis fascia. 

The tunica vaginalis is described with the 
testes. 


Cremaster 


Tunica vaginalis 
Appendix of epididymis 


Head of epididymis 


Appendix of testis 


The right testis, exposed by laying open the tunica vaginalis. 


VESSELS AND NERVES. The arteries that supply 
the coverings of the testes are the superficial and 
deep external pudendal branches of the femoral ar- 
tery, the superficial perineal branch of the. internal 
pudendal artery, and the cremasteric branch from 
the inferior epigastric artery. The veins follow the 
course of the corresponding arteries. The lymphat- 
ics end in the inguinal lymph nodes. The nerves are 
the ilioinguinal and genitofemoral branches of the 
lumbar plexus, the two superficial perineal branches 
of the pudendal nerve, and the pudendal branch of 
the posterior femoral cutaneous nerve. 

The scrotum forms an admirable covering for the 
protection of the testes. These bodies, lying sus- 
pended and loose in the cavity of the scrotum and 
surrounded by serous membrane, are capable of 
great mobility, and can therefore easily slip about 
within the scrotum and thus avoid injuries from 
blows or squeezes. The skin of the scrotum is elastic 
and capable of great distention, and on account of 
the looseness and amount of subcutaneous tissue, 
the scrotum becomes greatly enlarged in cases of 
edema, to which this part is especially liable as a 
result of its dependent position. 


The inguinal canal is described in Chap- 
(eng: 


Spermatic Cord 


The spermatic cord (Fig. 17-38) extends 
from the deep inguinal ring, where the struc- 
tures of which it is composed converge, to 
the testis. In the abdominal wall, the cord 
passes obliquely along the inguinal canal, 
lving at first inferior to the obliquus internus 
and superior to the fascia transversalis, but 
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nearer the pubis, it rests upon the inguinal 
and lacunar ligaments, having the aponeuro- 
sis of the obliquus externus ventral to it and 
the inguinal falx dorsal to it. It then escapes 
at the ring and descends nearly vertically 
into the scrotum. The left cord is longer than 
the right; consequently the left testis hangs 
somewhat lower than the right. 

STRUCTURE OF THE SPERMATIC CORD. The 
spermatic cord is composed of arteries, 
veins, lymphatics, nerves, and the excretory 
duct of the testis. These structures are con- 
nected together by the internal spermatic 
fascia, which is continuous with the subse- 
rous fascia of the abdomen at the deep ingui- 
nal ring; they are invested by the layers 
brought down by the testis in its descent. 


Arteries. The arteries of the cord are the testicu- 
lar and external spermatic arteries and the artery to 
the ductus deferens. 

The testicular artery, a branch of the abdominal 
aorta, escapes from the abdomen at the deep ingul- 
nal ring, and accompanies the other constituents of 
the spermatic cord along the inguinal canal and 
through the superficial inguinal ring into the scro- 
tum. It then descends to the testis, and becoming 
tortuous, divides into several branches, two or three 
of which accompany the ductus deferens and supply 
the epididymis, anastomosing with the artery of the 
ductus deferens. The others supply the substance of 
the testis. 

The external spermatic artery is a branch of the 
inferior epigastric artery. It accompanies the sper- 
matic cord and supplies the coverings of the cord, 
anastomosing with the testicular artery. 

The artery of the ductus deferens, a branch of the 
Superior vesical artery is a long, slender vessel that 
accompanies the ductus deferens, ramifying upon 
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Section across the spermatic cord as it lies in the scrotum canal. 


its coats and anastomosing with the testicular artery 
near the testis. 

Veins. The testicular veins (Fig. 9-32) emerge 
from the back of the testis and receive tributaries 
from the epididymis. They unite and form a convo- 
luted plexus, the plexus pampiniformis, which 
forms the chief mass of the cord. The vessels com- 
posing this plexus are numerous and ascend along 
the cord in front of the ductus deferens. Below the 
superficial inguinal ring they unite to form three or 
four veins, which pass along the inguinal canal, and 
entering the abdomen through the abdominal ingui- 
nal ring, coalesce to form two veins. These again 
unite to form a single vein that opens on the right 
side into the inferior vena cava, at an acute angle, 
and on the left side into the left renal vein, at a right 
angle. 

The lymphatic vessels are described in Chap- 
ter 10. 

The nerves are the spermatic plexus from the 
sympathetic, joined by filaments from the pelvic 
plexus, which accompany the artery of the ductus 
deferens. 


Testes 


The testes are oval (Fig. 17-37), com- 
pressed laterally and suspended in the scro- 
tum by the spermatic cords. They average 4 
to 5cm in length, 2.5 cm in breadth, and 3 cm 
in the anteroposterior diameter. The weight 
of one gland varies from 10.5 to 14 gm. Each 
organ has an oblique position in the scro- 
tum. The cranial extremity is directed 
ventralward and a little lateralward; the cau- 
dal, dorsalward and a little medialward. The 
anterior convex border faces ventralward 
and caudalward; the posterior or straight 
border, to which the cord is attached, 
dorsalward and cranialward. 
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The anterior border and lateral surfaces, 
as well as both extremities of the organ, are 
convex, free, smooth, and invested by the 
visceral layer of the tunica vaginalis. The 
posterior border, to which the cord is at- 
tached, receives only a partial investment 
from that membrane. Lying upon the lateral 
edge of this posterior border is a long, nar- 
row, flat body named the epididymis. 


EPIDIDYMIS 


The epididymis consists of a central por- 
tion or body; an upper enlarged extremity, 
the head; and a lower pointed extremity, the 
tail, which is continuous with the ductus 
deferens, the duct of the testis. The head is 
intimately connected with the upper end of 
the testis by means of the efferent ductules 
of the gland; the tail is connected with the 
lower end by cellular tissue, and a reflection 
of the tunica vaginalis. The lateral surface, 
head, and tail of the epididymis are free and 
covered by the serous membrane: the body 
is also completely invested by it, except 
along its posterior border, while between the 
body and the testis is a pouch, named the 
sinus of the epididymis (digital fossa). The 
epididymis is connected to the back of the 
testis by a fold of the serous membrane. 


APPENDAGES OF THE TESTIS AND EPIDIDYMIS 


On the proximal extremity of the testis, 
just beneath the head of the epididymis, is a 
minute oval, sessile body, the appendix of 
the testis; it is the remnant of the upper end 
of the Miillerian duct. On the head of the 
epididymis is a second small stalked ap- 
pendage (sometimes duplicated); it is named 
the appendix of the epididymis and is usu- 
ally regarded as a detached efferent duct. 


TUNICS 


The testis is invested by three tunics: the 
tunica vaginalis, tunica albuginea, and tu- 
nica vasculosa. 

TUNICA VAGINALIS. The tunica vaginalis is 
the serous covering of the testis. It is a pouch 
of serous membrane derived from the saccus 
vaginalis of the peritoneum, which in the 
fetus preceded the descent of the testis from 
the abdomen into the scrotum. After its de- 
scent, the portion of the pouch that extends 
from the deep inguinal ring to near the 
upper part of the gland becomes obliterated: 


the lower portion remains as a closed sac 
that invests the testis, and may be described 
as consisting of a visceral and a parietal lam- 
ina (Fig. 17-37). 

Visceral Lamina. The visceral lamina 
covers the greater part of the testis and epi- 
didymis, connecting the latter to the testis by 
means of a distinct fold. From the posterior 
border of the gland it is reflected onto the 
internal surface of the scrotal coverings. 

Parietal Lamina. The parietal lamina is 
more extensive than the visceral, extending 
cranialward for some distance ventral and 
medial to the cord, and reaching below the 
testis. The inner surface of the tunica vagi- 
nalis is smooth and covered by a layer of 
mesothelial cells. The interval between the 
visceral and parietal laminae constitutes the 
cavity of the tunica vaginalis. 

The obliterated portion of the saccus vagi- 
nalis may generally be seen as a fibrous 
thread lying in the loose areolar tissue 
around the spermatic cord. Sometimes this 
may be traced as a distinct band from the 
upper end of the inguinal canal, where it is 
connected with the peritoneum, down to the 
tunica vaginalis; sometimes it gradually be- 
comes lost on the spermatic cord. Occasion- 
ally no trace of it can be detected. In some 
cases it happens that the pouch of perito- 
neum does not become obliterated, but the 
sac of the peritoneum communicates with 
the tunica vaginalis. This may give rise to 
one of the varieties of oblique inguinal her- 
nia. In other cases the pouch may contract, 
but not become entirely obliterated; it then 
forms a minute canal leading from the peri- 
toneum to the tuniea vaginalis. 

TUNICA ALBUGINEA. The tunica albuginea 
is the fibrous covering of the testis. It is a 
dense membrane with a bluish-white color, 
composed of bundles of white fibrous tissue 
that interlace in every direction. It is covered 
by the tunica vaginalis, except at the points 
of attachment of the epididymis to the testis 
and along its posterior border, where the tes- 
ticular vessels enter the gland. It is applied 
to the tunica vasculosa over the glandular 
substance of the testis, and at its posterior 
border, is reflected into the interior of the 
gland, forming an incomplete vertical sep- 
tum called the mediastinum testis (corpus 
Highmori?). 

Mediastinum Testis. The mediastinum 
"Nathaniel Highmore (1613-1685): An English surgeon 
(Sherborne). 


testis extends from the upper to near the 
lower extremity of the gland, and is wider 
above than below. From its front and sides 
numerous imperfect septa (trabeculae) are 
given off, which radiate toward the surface 
of the organ and are attached to the tunica 
albuginea. They divide the interior of the 
organ into a number of incomplete lobules 
that are somewhat cone-shaped, being broad 
at their bases at the surface of the gland and 
becoming narrower as they converge to the 
mediastinum. The mediastinum supports the 
vessels and ducts of the testis in their pas- 
sage to and from the substance of the gland. 

TUNICA VASCULOSA. The tunica vasculosa 
is the vascular layer of the testis, consisting 
of a plexus of blood vessels held together by 
delicate areolar tissue. It clothes the inner 
surface of the tunica albuginea and the ditf- 
ferent septa in the interior of the gland and 
therefore forms an internal investment to all 
the spaces of which the gland is composed. 

STRUCTURE. The glandular structure of 
the testis consists of numerous lobules. 
Their number, in a single testis, is estimated 
to be between 250 and 400. They differ in 
size according to their position, those in the 
middle of the gland being larger and longer. 
The lobules (Fig. 17-39) are conical in shape, 
the base being directed toward the circum- 
ference of the organ, the apex toward the 
mediastinum. Each lobule is contained in 
one of the intervals between the fibrous 
septa that extend between the mediastinum 
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Fic. 17-39. Vertical section of the testis, to show the 
arrangement of the ducts. 
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testis and the tunica albuginea, and consists 
of one to three or more minute convoluted 
tubes, the seminiferous tubules. 

Seminiferous Tubules. The tubules may 
be separately unraveled by careful dissec- 
tion under water, and may be seen to com- 
mence either by free cecal ends or by 
anastomotic loops (Fig. 17-40). They are 
supported by loose connective tissue that 
contains here and there groups of interstitial 
cells containing yellow pigment granules. 
The total number of tubules is estimated at 
840, and the average length of each is 70 to 
80 cm. Their diameter varies from 0.12 to 
0.3 mm. The tubules are pale in early life. 
but in old age they acquire a deep yellow 
tinge from containing much fatty matter. 
Each tubule consists of a basement layer 
formed of laminated connective tissue con- 
taining numerous elastic fibers with flat- 
tened cells between the layers and covered 
externally by a layer of flattened epithelioid 
cells. 

Basement Membrane. Within the base- 
ment membrane are epithelial cells arranged 
in several irregular layers, which are not 
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Fic. 17-40. Four seminiferous tubules from human tes- 
tis showing anastomosing loops. B, branching or fork; D, 
diverticulum; X, broken end. (Johnson, Anat. Rec., 1934; 
courtesy of Wistar Institute.) 
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always clearly separated, but which may be 
arranged in three different groups. Among 
these cells may be seen the spermatozoa in 
different stages of development. 

(1) Lining the basement membrane and 
forming the outer zone is a layer of cubical 
cells, with small nuclei; some of these en- 
large to become spermatogonia. The nuclei 
of some of the spermatogonia may be in 
process of mitotic division (karyokinesis). 


As a consequence, daughter cells are 
formed, which constitute the second zone 
(Fig. 17-41). 


(2) Within this layer, a number of larger 
polyhedral cells with clear nuclei are ar- 
ranged in two or three layers; these are the 
intermediate cells or spermatocytes. Most of 
these cells are in a stage of karyokinetic divi- 
sion, and the cells that result from this divi- 
sion form those of the next layer, the sper- 
matids. 

(3) The third layer of cells consists of the 
spermatids, and each of these, without fur- 
ther subdivision, becomes a spermatozo6n. 
The spermatids are small polyhedral cells, 
the nucleus of each of which contains half 
the usual number of chromosomes. In addi- 
tion to these three layers, other cells, termed 
the supporting cells (cells of Sertoli'), are 
seen. They are elongated and project inward 
from the basement membrane toward the 
lumen of the tube. As the spermatozoa de- 
velop, they group themselves around the 
inner extremities of the supporting cells. 
The nuclear portion of the spermatid, which 
is partly embedded in the supporting cell, is 
differentiated to form the head of the 
spermatozoon, while part of the cell proto- 
plasm forms the middle piece and the tail is 
produced by an outgrowth from the double 
centriole of the cell. Ultimately the heads are 
liberated and the spermatozoa are set free 
(Fig. 17-42). Thestructure of thespermatozo6n 
is described in Chapter 2. 

In the apices of the lobules, the tubules 
become less convoluted, assume a nearly 
straight course, and unite together to form 
20 to 30 larger ducts, about 0.5 mm in diame- 
ter; these, from their straight course, are 
called tubuli recti (Fig. 17-39). 

Tubuli Recti and Cones. The tubuli recti 
enter the fibrous tissue of the mediastinum 
and pass upward and backward, forming, in 
their ascent, a close network of anastomos- 


‘Enrico Sertoli (1842-1910): An Italian histologist (Milan). 


ing tubes that are merely channels in the fi- 
brous stroma, lined by flattened epithelium 
and having no proper walls; this constitutes 
the rete testis. At the upper end of the medi- 
astinum, the vessels of the rete testis termi- 
nate in 12 to 20 ducts, the ductuli efferentes; 
they perforate the tunica albuginea and 
carry the seminal fluid from the testis to the 
epididymis. Their course is at first straight; 
they then become enlarged and exceedingly 
convoluted, and form a series of conical 
masses, the coni vasculosi, which together 
constitute the head of the epididymis. Each 
cone consists of a single convoluted duct, 15 
to 20 cm long, the diameter of which gradu- 
ally decreases from the testis to the epididy- 
mis. Opposite the bases of the cones the ef- 
ferent vessels open at narrow intervals into a 
single duct, which constitutes by its complex 
convolutions the body and tail of the epidid- 
ymis. When the convolutions of this tube 
are unraveled, it measures upward of 6 me- 
ters in length; it increases in diameter and 
thickness as it approaches the ductus def- 
erens. The convolutions are held together 
by fine areolar tissue and by bands of fibrous 
tissue. 

The tubuli recti have very thin walls; like 
the channels of the rete testis, they are lined 
by a single layer of flattened epithelium. The 
walls of the ductuli efferentes and the tube 
of the epididymis are much thicker owing to 
the presence of muscular tissue, which is 
principally arranged in a circular manner. 
These tubes are lined by columnar ciliated 
epithelium. 


VESSELS AND NERVES. The arteries to the testis 
are described in Chapter 8; the veins, in Chapter 9; 
the lymphatics, in Chapter 10; and the nerves, in 
Chapter 12. 

VARIATIONS. The testis, developed in the lumbar 
region, may be arrested or delayed in its transit to 
the scrotum (cryptorchism). |t may be retained in the 
abdomen or it may be arrested at the deep inguinal 
ring or in the inguinal canal. It may just pass out of 
the superficial inguinal ring without finding its way 
to the bottom of the scrotum. When retained in the 
abdomen, it gives rise to no symptoms or signs 
other than the absence of the testis from the scro- 
tum, but when it is retained in the inguinal canal it is 
subjected to pressure and may become inflamed and 
painful. The retained testis is probably functionally 
useless, so that a man in whom both testes are re- 
tained (anorchism) is sterile, though he may not be 
impotent. The absence of one testis is termed 
monorchism. When a testis is retained in the ingui- 
nal canal it is often complicated with a congenital 
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Fic. 17-41. Sections of seminiferous tubules from an adult human male, showing three stages of development. 1. 
Spermatogonia and spermatids predominate. 2. Spermatocytes predominate. 3. Maturing spermatozoa or spermato- 
blast predominate. sert., supporting cells (Sertoli cells); spc., spermatocytes; spd., spermatids; spg., spermatogonia; 
spp., primary spermatocytes; sps., secondary spermatocytes. 400 x. (Redrawn from Sobotta.) 
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Fig. 17-42. Mature spermatozoa from an adult human 
male. 1000 x. (Redrawn from Sobotta.) 


hernia, because the funicular process of the perito- 
neum was not obliterated. 

The testis may also descend through the inguinal 
canal but miss the scrotum and assume some abnor- 
mal position. The most common form occurs when 
the testis, emerging at the subcutaneous inguinal 
ring, slips down between the scrotum and thigh and 
comes to rest in the perineum. This is known as peri- 
neal ectopia testis. With each variety of abnormality 
in the position of the testis, it is common to find 
concurrently a congenital hernia, or if a hernia is not 
actually present, the funicular process is usually pa- 
tent, almost invariably so if the testis is in the ingui- 
nal canal. 

The testis, finally reaching the scrotum, may oc- 
cupy an abnormal position in it. It may be inverted, 
so that its posterior or attached border is directed 
forward and the tunica vaginalis is situated behind. 

Fluid collections of a serous character are fre- 
quently found in the scrotum. To these the term Ay- 
drocele is applied. The most common form is the 
ordinary vaginal hydrocele, in which the fluid is con- 
tained in the sac of the tunica vaginalis, which is 
normally separated from the peritoneal cavity by the 
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whole extent of the inguinal canal. In another form, 
the congenital hydrocele, the fluid is in the sac of the 
tunica vaginalis, but this cavity communicates with 
the general peritoneal cavity, its tubular process 
remaining pervious. A third variety, known as an /n- 
fantile hydrocele, occurs when the tubular process 
becomes obliterated only at its upper part, at or near 
the deep inguinal ring. It resembles the vaginal hy- 
drocele except in shape, the collection of fluid ex- 
tending up the cord into the inguinal canal. Fourthly, 
the funicular process may become obliterated both 
at the deep inguinal ring and above the epididymis, 
leaving a central unobliterated portion, which may 
become distended with fluid, giving rise to a condi- 
tion known as encysted hydrocele of the cord. 

CONGENITAL HERNIA. Some varieties of oblique 
inguinal hernia (Fig. 17-43) depend upon congenital 
defects in the saccus vaginalis, the pouch of perito- 
neum that precedes the descent of the testis. 

Normally this pouch is closed before birth, with 
closure commencing at two points: at the deep in- 
guinal ring and at the top of the epididymis, and 
gradually extending until the whole of the interven- 
ing portion is converted into a fibrous cord. Failure 
in the completion of this process produces variations 
in the relation of the hernial protrusion to the testis 
and tunica vaginalis. These constitute distinct varie- 
ties of inguinal hernia, viz., the hernia of the funicu- 
lar process and the complete congenital variety. 

When the saccus vaginalis remains patent 
throughout, the cavity of the tunica vaginalis com- 
municates directly with that of the peritoneum. The 
intestine descends along this pouch into the cavity 
of the tunica vaginalis, which constitutes the sac of 
the hernia, and the gut lies in contact with the testis. 
Though this form of hernia is termed complete con- 
genitai, the term does not imply that the hernia ex- 
isted at birth, but merely that a condition is present 
that may allow the descent of the hernia at any 
moment. As a matter of fact, congenital hernias fre- 
quently do not appear until adult life. 

When the processus vaginalis is occluded at the 
lower point only, 1.e., just above the testis, the intes- 
tine descends into the pouch of peritoneum as far as 
the testis, but is prevented from entering the sac of 
the tunica vaginalis by the septum that has formed 
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Fic. 17-43. Varieties of oblique inguinal hernia. See also Figure 17-10. 


between it and the pouch. This is known as hernia 
into the funicular process or incomplete congenital 
hernia; it differs from the former in that instead of 
enveloping the testis, it lies above it. 


DUCTUS DEFERENS 


The ductus deferens (vas deferens; semi- 
nal duct), the excretory duct of the testis, is 
the continuation of the canal of the epididy- 
mis. Commencing at the lower part of the 
tail of the epididymis, it is at first tortuous, 
but gradually becomes less twisted as it as- 
cends along the posterior border of the testis 
and medial side of the epididymis, and tra- 
verses the inguinal canal to the deep ingui- 
nal ring as a constituent of the spermatic 
cord (Fig. 17-38). Here it separates from the 
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other structures of the cord, curves around 
the lateral side of the inferior epigastric ar- 
tery, and ascends for about 2.5 cm ventral to 
the external iliac artery. It is next directed 
dorsalward and slightly caudalward, and 
crossing the external iliac vessels obliquely, 
enters the pelvic cavity, where it lies be- 
tween the peritoneal membrane and the lat- 
eral wall of the pelvis. There it descends on 
the medial side of the obliterated umbilical 
artery and the obturator nerve and vessels. It 
then crosses ventral to the ureter, and reach- 
ing the medial side of this tube, bends to 
form an acute angle, and runs medialward 
and slightly ventralward between the fun- 
dus of the bladder and the upper end of the 
seminal vesicle (Fig. 17-44). Reaching the 
medial side of the seminal vesicle, it is di- 
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Fig. 17-44. The fundus of the bladder showing the seminal vesicles, ductus deferens, ejaculatory ducts, and the 


prostate. 
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rected caudalward and medialward in con- 
tact with it, gradually approaching the oppo- 
site ductus. Here it lies between the fundus 
of the bladder and the rectum, where it is 
enclosed, together with the seminal vesicle, 
in a sheath derived from the rectovesical 
portion of the subserous fascia. Lastly, it is 
directed downward to the base of the pros- 
tate, where it becomes greatly narrowed, 
and is joined at an acute angle by the duct of 
the seminal vesicle to form the ejaculatory 
duct, which traverses the prostate behind its 
middle lobe and opens into the prostatic 
portion of the urethra, close to the orifice of 
the prostatic utricle. 

The ductus deferens presents a hard and 
cord-like sensation to the palpating fingers; 
its walls are dense and its canal is extremely 
small. At the fundus of the bladder it be- 
comes enlarged and tortuous, and this por- 
tion is termed the ampulla. A small triangu- 
lar area of the fundus of the bladder, 
between the ductus deferentes laterally and 
the peritoneum of the bottom of the recto- 
vesical excavation, is in contact with the 
rectum. 


Ductuli Aberrantes 


A long narrow tube, the ductulus aberrans 
inferior (vas aberrans of Haller‘), is occa- 
sionally found connected with the lower 
part of the canal of the epididymis or with 
the commencement of the ductus deferens. 
Its length varies from 3.5 to 35 cm, and it may 
become dilated toward its extremity; more 
commonly it retains the same diameter 
throughout. Its structure is similar to that of 
the ductus deferens. Occasionally it is found 
unconnected with the epididymis. A second 
tube, the ductulus aberrans superior, occurs 
in the head of the epididymis; it is connected 
with the rete testis. 


Paradidymis (organ of Giraldés?) 


This term is applied to a small collection 
of convoluted tubules situated in front of the 
lower part of the cord above the head of the 
epididymis. These tubes are lined with co- 


‘Albrecht von Haller (1708-1777): A Swiss physiologist 
(Bern and G6ttingen). 

“Joachim Albin Cardozo Cazado Giraldés (1808-1875): A 
Portuguese surgeon (Paris). 


lumnar ciliated epithelium and probably 
represent the remains of a part of the Wolff- 
ian body. 


Structure 


The ductus deferens consists of three 
coats: an external or areolar coat, a muscular 
coat, and an internal or mucous coat. 

In the greater part of the tube, the muscu- 
lar coat consists of two layers of unstriped 
muscular fiber: an outer longitudinal layer, 
and an inner circular layer. In addition, at 
the commencement of the ductus is a third 
layer, consisting of longitudinal fibers 
placed internal to the circular stratum, be- 
tween it and the mucous membrane. The in- 
ternal or mucous Coat is pale and arranged 
in longitudinal folds. The mucous coat is 
lined by columnar epithelium, which is 
nonciliated throughout the greater part of 
the tube. A variable portion of the testicular 
end of the tube is lined by two strata of co- 
lumnar cells, and the cells of the superficial 
layer are ciliated. 


VESSELS AND NERVES. The artery of the ductus 
deferens, a branch of the superior vesical artery, is a 
long slender vessel that accompanies the ductus, 
ramifying upon its coats and anastomosing with the 
testicular artery near the testis. The ampulla is sup- 
plied from the middle and inferior vesical and middle 
rectal arteries. The veins drain into the pampiniform 
plexus, the vesical veins, and prostatic plexus. The 
lymphatics are described in Chapter 10. The 
nerves are from the pelvic plexus accompanying the 
artery. 


SEMINAL VESICLES 


The seminal vesicles (Fig. 17-44) are two 
lobulated membranous pouches, placed be- 
tween the fundus of the bladder and the rec- 
tum, which secrete a fluid to be added to the 
secretion of the testes. Carefully executed 
necropsies have shown that in man the semi- 
nal vesicles do not store sperm, as the name 
implies. They are usually about 7.5 cm long, 
but vary in size, not only in different individ- 
uals but also in the same individual on the 
two sides. The ventral surface is in contact 
with the fundus of the bladder, extending 
from near the termination of the ureter to 
the base of the prostate. The dorsal surface 
rests upon the rectum, from which it is sepa- 


rated by the rectovesical fascia. The upper 
extremities of the two vesicles diverge from 
each other and are in relation with the duc- 
tus deferentes and the terminations of the 
ureters; these are partly covered by perito- 
neum. The lower extremities are pointed 
and converge toward the base of the pros- 
tate. The ampullae of the ductus deferentes 
lie along their medial margin. 

Each vesicle consists of a single tube 
coiled upon itself and giving off several ir- 
regular blind diverticula; the separate coils, 
as well as the diverticula, are bound together 
by fibrous tissue. When uncoiled, the tube is 
about the diameter of a quill (5 mm) and var- 
ies in length from 10 to 15 cm. It ends superi- 
orly in a cul-de-sac. The inferior extremity 
becomes constricted into a narrow straight 
duct that joins with the corresponding duc- 
tus deferens to form the ejaculatory duct. 


Structure 


The seminal vesicles are composed of 
three coats: an external or areolar coat; a 
middle or muscular coat, thinner than that 
in the ductus deferens and arranged in an 
outer longitudinal and an inner circular 
layer; and an internal or mucous coat, which 
is pale, whitish brown, and has a delicate 
reticular structure. The epithelium is colum- 
nar, and in the diverticula goblet cells are 
present, the secretion of which increases the 
bulk of the seminal fluid. 


VESSELS AND NERVES. fhe arteries that supply 
the seminal vesicles are derived from the middle and 
inferior vesical and middle rectal arteries. The veins 
and lymphatics accompany the arteries. The nerves 
are derived from the pelvic plexuses. 


EJACULATORY DUCT 


The ejaculatory duct (Figs. 17-27; 17-45), 
one on either side of the midline, is formed 
by the union of the duct from the seminal 
vesicle with the ductus deferens; it is about 
2 cm long. It commences at the base of the 
prostate, and runs ventralward and caudal- 
ward between its middle and lateral lobes 
and along the sides of the prostatic utricle; it 
ends in a slit-like orifice close to or just 
within the margins of the utricle. The ducts 
diminish in size and also converge toward 
their terminations. 


MALE GENITAL ORGANS 1559 


Structure 


The coats of the ejaculatory ducts are ex- 
tremely thin. They are: an outer fibrous 
layer, which is almost entirely lost after the 
entrance of the ducts into the prostate; a 
layer of muscular fibers consisting of a thin 
outer circular layer and an inner longitudi- 
nal layer; and mucous membrane. 


THE PENIS 


The penis is attached to the front and 
sides of the pubic arch. In the flaccid condi- 
tion it is cylindrical, but when erect it as- 
sumes the form of a triangular prism with 
rounded angles, one side of the prism form- 
ing the dorsum. It is composed of three cy- 
lindrical masses of cavernous tissue bound 
together by fibrous tissue and covered with 
skin. The two lateral masses are known as 
the corpora cavernosa penis; the third mass 
is median and is termed the corpus spongio- 
sum penis, which contains the greater part 
of the urethra (Figs. 17-47; 17-48). 

The integument covering the penis is re- 
markable for its thinness, its dark color, its 
looseness of connection with the deeper 
parts of the organ, and its absence of adipose 
tissue. At the root of the penis it is continu- 
ous with that over the pubes, scrotum, and 
perineum. At the neck it leaves the surface 
and becomes folded upon itself to form the 
prepuce or foreskin. The internal layer of 
the prepuce is directly continuous along the 
line of the neck with the integument over the 
glans. Immediately behind the external ure- 
thral orifice it forms a small secondary redu- 
plication, attached along the bottom of a de- 
pressed median raphe, which extends from 
the meatus to the neck; this fold is termed 
the frenulum of the prepuce. 

The integument covering the glans is con- 
tinuous with the urethral mucous membrane 
at the orifice; it is devoid of hairs, but pro- 
jecting from its free surface are a number of 
small, sensitive papillae. Scattered preputial 
glands (of Tyson’) are present on the neck of 
the penis and inner layer of the prepuce. 
They secrete a sebaceous material with a 
peculiar odor that readily undergoes decom- 
position; when mixed with discarded epithe- 


1Edward Tyson (1650-1708): An English physician and 
anatomist (London). 
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Fig. 17-45. Anterior view of the seminal vesicles, the ampullae of the ductus deferentes, the prostate gland and the 
prostatic urethra. The anterior walls of the left ampulla, left seminal vesicle and the prostatic urethra have been cut 
away. The lower right figure shows a more detailed view of the prostatic urethra and the orifices of the prostatic and 


ejaculatory ducts. 


lial cells it is called smegma. The prepuce 
covers a variable amount of the glans and is 
separated from it by a potential space—the 
preputial space—which has two shallow 
fossae, one on either side of the frenulum. 


Fascia 


The subcutaneous fascia of the penis is 
directly continuous with that of the scrotum, 
and like it, contains a dartos tunic with its 
layer of scattered smooth muscle cells. It is 
not divisible into a superficial and a deep 
layer and it contains no adipose tissue. A 
fascial cleft between the superficial and 
deep fasciae gives the skin great movability. 

The deep fascia of the penis (Buck’s fas- 
cia’) (Fig. 17-46) forms a tubular investment 
for the shaft of the penis as far distally as the 


‘Gurdon Buck (1807-1877): An American surgeon (New 
York). 


corona glandis. Proximally, it invests the 
crura and bulb and is firmly attached with 
them to the ischiopubic rami and the super- 
ficial layer of the urogenital diaphragm. At 
the anterior or distal extremities of the bul- 
bospongiosus and ischiocavernosi muscles, 
it splits into a superficial and deep lamina. 
The superficial lamina covers the superficial 
surface of these muscles as the external peri- 
neal fascia of the perineum; the deep lamina 
is the continuation of the proper deep fascia 
of the penis (Buck’s fascia). A septum of fas- 
cla extends inward between the corpora 
cavernosa and corpus spongiosum penis, 
providing separate tubular investments for 
these columns of erectile tissue. 


CLINICAL CONSIDERATIONS. The deep fascia of 
the penis (Buck’s fascia) encloses the organ in a 
strong capsule. An abscess, a hematoma, or an ex- 
travasation of urine from rupture of the penile ure- 
thra would be confined to the penis by this envelope. 
A rupture of the urethra in its membranous portion, 
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Fig. 17-46. Fasciae of pelvis and perineum in median sagittal section. Diagram. 


however, would allow urine to enter the fascial cleft 
that is between the deep and superficial fasciae and 
is Continuous with the cleft in the scrotum, under 
Colles’ fascia, and under Scarpa’s fascia. 


Corpora Cavernosa Penis - 


The distal three-fourths of these two cy- 
lindrical masses of erectile tissue are inti- 
mately bound together and make up the 
greater part of the shaft of the penis (Fig. 17- 
47). At the pubic symphysis, however, their 
posterior portions diverge from each other 
as two gradually tapering structures called 
the crura. 

The corpora retain a uniform diameter in 
the shaft and terminate anteriorly in a 
bluntly rounded extremity approximately 
1 cm from the end of the penis, being embed- 
ded in a cap formed by the glans penis. 

The corpora cavernosa penis are sur- 
rounded by a strong fibrous envelope con- 
sisting of superficial and deep fibers. The 
superficial fibers have a longitudinal direc- 
tion and form a single tube that encloses 
both corpora. The deep fibers are arranged 
circularly around each corpus, and form the 


septum of the penis by their junction in the 
median plane. This is thick and complete 
behind but imperfect in front, where it con- 
sists of a series of vertical bands arranged 
like the teeth of a comb; it is therefore 
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Fic. 17-47. The ventral aspect of the corpora cavernosa 
penis and the corpus spongiosum penis. These cylindri- 
cal masses of tissue are shown in the erect position with 
the glans and distal part of the corpus spongiosum de- 
tached from the corpora cavernosa and turned to the 
right. 
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named the septum pectiniforme. A shallow 
groove that marks their junction on the 
upper surface lodges the deep dorsal vein of 
the penis, while a deeper and wider groove 
between them on the undersurface contains 
the corpus spongiosum penis. 

Each crus penis, the tapering posterior 
portion of a corpus Cavernosum penis, ter- 
minates just ventral to the tuberosity of the 
ischium in a bluntly pointed process, and as 
it meets its fellow, it has a slight enlarge- 
ment, the bulb of the corpus cavernosum 
penis. The crus is bound firmly to the ramus 
of the ischium and pubis and is enclosed by 
the fibers of the ischiocavernosus muscle. 


Corpus Spongiosum Penis 


This part of the penis contains the penile 
urethra (Fig. 17-47). Its middle portion, in the 
shaft of the penis, is a uniform cylinder 
somewhat smaller than a corpus caver- 
nosum penis. At each end it expands, the 
distal extremity forming the glans penis, the 
proximal forming the bulb of the penis. Be- 
tween the expansions, it lies in the groove on 
the undersurface of the corpora cavernosa 
penis. 

The glans penis is the anterior end of the 
corpus spongiosum expanded into an obtuse 
cone similar to the cap of a mushroom. It is 
molded over and securely attached to the 
blunt extremity of the corpora cavernosa 
penis, and extends farther over their dorsal 
than their ventral surfaces. Its periphery is 
larger in diameter than the shaft, projecting 
in a rounded border, the corona glandis. 
Proximal to the corona is a constriction 
forming the retroglandular sulcus and the 
neck of the penis. At the summit of the glans 
is the slit-like external orifice of the urethra. 

The bulb is the conical enlargement of the 
proximal 4 or 5 cm of the corpus spongio- 
sum. It is just superficial to the urogenital 
diaphragm, the superficial layer of which 
blends with its fibrous capsule and is called 
the ligament of the bulb. It is enclosed by the 
fibers of the bulbospongiosus muscle. 

The urethra enters the corpus spongiosum 
1 or 2 cm from the posterior extremity of the 
bulb by piercing the dorsal surface, i.e., the 
surface that blends with the urogenital dia- 
phragm. The posterior most expanded por- 
tion of the bulb, accordingly, projects back- 
ward toward the anus beyond the entrance 
of the urethra. 


Ligaments 


The fundiform ligament is an extensive 
thickening of the deep layer of subcutaneous 
fascia (Scarpa’s!) of the anterior abdominal 
wall just above the pubis where it is firmly 
attached to the rectus sheath. The fibrous 
bands extend down to the dorsum and sides 
of the root of the penis. The suspensory liga- 
ment, shorter than the fundiform, is a strong 
fibrous triangle derived from the external 
investing deep fascia, which attaches the 
dorsum of the root of the penis to the infe- 
rior end of the linea alba, the symphysis 
pubis, and the arcuate pubic ligament. Serv- 
ing as ligaments also are the attachments of 
the crura to the ischiopubic rami and of the 
bulb to the urogenital diaphragm, which 
have been described previously. 


Muscles 


The voluntary muscles of the penis are the 
bulbospongiosus, ischiocavernosus, and the 
transversus perinei superficialis. 


Structure of the Penis 


From the internal surface of the fibrous 
envelope, tunica albuginea, of the corpora 
cavernosa penis, as well as from the sides of 
the septum, numerous bands or cords are 
given off that cross the interior of the 
corpora cavernosa in all directions, subdi- 
viding them into separate compartments and 
giving the entire structure a spongy appear- 
ance (Fig. 17-48). These bands and cords are 
called trabeculae; they consist of white fi- 
brous tissue, elastic fibers, and plain muscu- 
lar fibers. In them are contained numerous 
arteries and nerves. 

The component fibers that form the tra- 
beculae are larger and stronger around the 
circumference than at the centers of the 
corpora cavernosa; they are also thicker 
proximally than distally. The interspaces or 
cavernous spaces (blood sinuses), on the 
contrary, are larger at the center than at the 
circumference, their long diameters being 
directed transversely. They contain blood 
and are lined by a layer of flat cells similar to 
those in the endothelial lining of veins. 

The fibrous envelope of the corpus spongi- 
osum is thinner, whiter, and more elastic 


‘Antonio Scarpa (1747-1832): An Italian anatomist 
(Pavia). 





Fic. 17-48. Section of corpus cavernosum penis in a 
nondistended condition. (Cadiat.) a, Trabeculae of con- 
nective tissue, with many elastic fibers and bundles of 
plain muscular tissue; b, Blood sinuses. 


than that of the corpora cavernosa penis. 
The trabeculae are more delicate, nearly 
uniform in size, and the meshes between 
them are smaller than those in the corpora 
cavernosa penis: their long diameters, for the 
most part, corresponding with that of the 
penis. The external envelope or outer coat of 
the corpus spongiosum is formed partly of 
unstriped muscular fibers, and a layer of the 
same tissue immediately surrounds the 
canal of the urethra. The corpus spongiosum 
with its expanded end, the-glans penis, may 
be readily dissected away from the corpora 
cavernosa penis. 

Under cerebral or spinal stimuli, the sup- 
ply of arterial blood to the blood sinuses or 
interspaces is increased. This increase in 
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size of sinuses in turn produces compression 
of the deep veins of the penis due to the elas- 
ticity of Buck's fascia. Erection, therefore, is 
due to mechanical engorgement of the blood 
sinuses. 


VESSELS AND NERVES. Most of the blood to the 
penis is supplied by the internal pudendal artery, a 
branch of the internal iliac artery. The arteries (Fig. 
17-49) that supply the cavernous spaces are the 
deep arteries of the penis and branches from the 
dorsal arteries of the penis, which perforate the fi- 
brous capsule along the upper surface, especially 
near the distal end of the organ. On entering the 
Cavernous structure, the arteries divide into 
branches that are supported and enclosed by the tra- 
beculae. Some of these arteries end in a capillary 
network, the branches of which open directly into 
the cavernous spaces. Others assume a tendril-like 
appearance and form convoluted and somewhat di- 
lated vessels, which are called the helicine arteries. 
They open into the spaces and also give off 
small capillary branches to supply the trabecular 
structure. They are bound in the spaces by fine fi- 
brous processes, and are most abundant in the prox- 
imal part of the corpora cavernosa (Fig. 17-50). 

The blood from the cavernous spaces Is returned 
by a series of veins (Figs. 17-50; 17-51), some of 
which emerge from the base of the glans penis and 
converge on the dorsum of the organ to form the 
deep dorsal vein; others pass out on the upper sur- 
face of the corpora cavernosa and join the same 
vein. Some also emerge from the undersurface of 
the corpora cavernosa penis and, receiving branches 
from the corpus spongiosum, wind around the sides 
of the penis to end tn the deep dorsal vein, but the 
greater number pass out at the root of the penis and 
join the prostatic plexus. Batson (1940) demon- 
strated that the deep dorsal vein of the penis has a 
connection with the vertebral veins, hence it is possi- 
ble for metastases from cancerous involvement of 
the pelvic viscera or external genitalia to make their 
way to the vertebrae or even to the skull and brain 
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Diagram of the arteries of the penis. (Testut.) 
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Fic. 17-50. Transverse section of the penis. 


without going through the heart and lungs. Pyo- 
genic organisms may be transported by the same 
route. 

The lymphatic vessels of the penis are described 
in Chapter 710. 

The nerves are derived from the pudendal nerve 
and the pelvic plexuses. On the glans and bulb some 
filaments of the cutaneous nerves have Pacinian 
bodies connected with them, many of which end in 
peculiar endbulbs. 





Fic. 17-51. Superficial veins of the penis. (‘Testut.) 


PROSTATE 


The prostate (Figs. 17-27; 17-28; 17-52) is a 
firm, partly glandular and partly muscular 
body placed immediately below the internal 
urethral orifice and around the commence- 
ment of the urethra. It is situated in the pel- 
vic cavity, below the caudal part of the sym- 
physis pubis, cranial to the deep layer of the 
urogenital diaphragm, and ventral to the rec- 
tum, through which it may be distinctly felt, 
especially when enlarged. 

The prostate measures about 4 cm trans- 
versely at the base, 2 cm in its anteroposte- 
rior diameter, and 3 cm in its vertical diame- 
ter. It weighs about 20 gm. It is held in 
position by the puboprostatic ligaments, by 
the deep layer of the urogenital diaphragm, 
which invests the prostate and the com- 
mencement of the membranous portion of 
the urethra, and by the anterior portions of 
the levatores ani, which pass dorsalward 
from the pubis and embrace the sides of the 
prostate. These portions of the levatores ani 
are named the levatores prostatae from the 
support that they afford to the prostate. 

The prostate is perforated by the urethra 
and the ejaculatory ducts (Fig. 17-43). The 
urethra usually lies along the junction of its 
anterior with its middle third. The ejacula- 
tory ducts pass obliquely through the poste- 
rior part of the prostate and open into the 
prostatic portion of the urethra. 


Borders and Surfaces 


The prostate presents for examination a 
base, an apex, a posterior, an anterior, and 
two lateral surfaces. The base is applied to 
the caudal surface of the bladder. The 
greater part of this surface is directly contin- 
uous with the bladder wall; the urethra pen- 
etrates it nearer its ventral than its dorsal 
border. 

The apex is directed caudalward and is in 
contact with the deep layer of the urogenital 
diaphragm. 

POSTERIOR SURFACE. ‘The posterior sur- 
face (dorsal surface; rectal surface) is flat- 
tened from side to side and slightly convex 
craniocaudally; it is separated from the rec- 
tum by its sheath and the important recto- 
vesicle (Denonvilliers’') fascia, which corre- 


"Charles Pierre Denonvilliers (1808-1872): A French 
anatomist and surgeon (Paris). 
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Fig. 17-52. Prostate with seminal vesicles and seminal ducts, viewed ventrally and cranially. (Spalteholz.) 


sponds in origin and fate to the processus 
vaginalis in the inguinal region. It is about 
4 cm distant from the anus. 

Near its cranial border is a depression 
through which the two ejaculatory ducts 
enter the prostate. This depression divides 
the posterior surface into a lower larger and 
an upper smaller part. The cranial smaller 
part constitutes the middle lobe of the pros- 
tate and intervenes between the ejaculatory 
ducts and the urethra; it varies greatly in 
size, and in some cases is destitute of glandu- 
lar tissue. The caudal larger portion some- 
times has a shallow median furrow, which 
imperfectly separates it into a right and a left 
lateral lobe. These form the main mass of the 
gland and are directly continuous with each 
other dorsal to the urethra. Cranial to the 
urethra the lobes are connected by a band 
named the isthmus, which consists of the 
same tissues as the capsule and is devoid of 
glandular substance. 

ANTERIOR SURFACE. ‘The anterior surface 
(ventral surface; pubic surface) measures 
about 2.5 cm craniocaudally but it is narrow 
and convex from side to side. It is placed 
about 2 cm dorsal to the pubic symphysis, 
from which it is separated by a plexus of 
veins and a quantity of loose fat. It is con- 
nected to the pubic bone on either side by 
the puboprostatic ligaments. The urethra 
emerges from this surface a little cranial and 
ventral to the apex of the gland. 


LATERAL SURFACES. The lateral surfaces 
are prominent and are covered by the ven- 
tral portions of the levatores ani which, 
however, are separated from the gland by a 
plexus of veins. 


Structure 


The prostate is immediately enveloped by 
a thin but firm fibrous capsule distinct from 
that derived from the subserous fascia and 
separated from it by a plexus of veins. This 
capsule adheres firmly to the prostate and is 
structurally continuous with the stroma of 
the gland, being composed of the same tis- 
sues: nonstriped muscle and fibrous tissue. 
The substance of the prostate is dense, a pale 
reddish-gray, and not easily torn. It consists 
of glandular substance and muscular tissue 
(Fig. 17-53). 

The muscular tissue constitutes’ the 
proper stroma of the prostate; the connective 
tissue being scanty and simply forming, be- 
tween the muscular fibers, thin trabeculae in 
which the vessels and nerves of the gland 
ramify. The muscular tissue is arranged as 
follows: immediately. beneath the fibrous 
capsule is a dense layer that forms an invest- 
ing sheath for the gland; around the urethra, 
as it lies in the prostate, is another dense 
layer of circular fibers that is continuous 
above with the internal layer of the muscu- 
lar coat of the bladder and blends below 
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FiG. 17-53. Section through prostate of a 22-year-old 
man. c.t., Connective tissue stroma; ep., glandular epithe- 
lium; gl., lumen of gland; m., smooth muscle fiber in 
stroma. 50 x. (Sobotta.) 





with the fibers surrounding the membranous 
portion of the urethra. Between these two 
layers, strong bands of muscular tissue, 
which decussate freely, form meshes in 
which the glandular structure of the organ is 
embedded. In the part of the gland that is 
situated in front of the urethra the muscular 
tissue is especially dense, and there is little 
or no gland tissue, while in the part that is 
behind the urethra, the muscular tissue pre- 
sents a wide-meshed structure, which is dens- 
est at the base of the gland (i.e., near the 
bladder) and becomes looser and more 
sponge-like toward the apex of the organ. 
The glandular substance is composed of 
numerous follicular pouches, the lining of 
which frequently shows papillary eleva- 
tions. The follicles open into elongated ca- 
nals that join to form 12 to 20 small excre- 
tory ducts. They are connected by areolar 
tissue, supported by prolongations from the 
fibrous capsule and muscular stroma, and 
enclosed in a delicate capillary plexus. The 
epithelium that lines the canals and the ter- 
minal vesicles is columnar. The prostatic 
ducts open into the floor of the prostatic por- 
tion of the urethra and are lined with two 
layers of epithelium, the inner layer consist- 


ing of columnar and the outer of small cubi- 
cal cells. Small colloid masses, known as 
amyloid bodies, are often found in the gland 
tubes. 


VESSELS AND NERVES. The arteries supplying the 
prostate are derived from the internal pudendal, in- 
ferior vesical, and middle rectal arteries. Its veins 
form the prostatic plexus, which surrounds the sides 
and base of the gland. The plexus receives the dorsal 
vein of the penis and empties into the internal iliac 
veins. It has anastomotic connections with the verte- 
bral system of veins, through which metastases of 
carcinoma may reach the bones or even the brain. 
The lymphatics are described in Chapter 10. 

The nerves are derived from the pelvic plexus. 


BULBOURETHRAL GLANDS 


The bulbourethral glands (Cowper’s 
glands) (Fig. 17-27) are two small, round, and 
somewhat lobulated yellow bodies, about 
the size of peas, placed dorsal and lateral to 
the membranous portion of the urethra be- 
tween the two layers of the fascia of the uro- 
genital diaphragm. They lie close to the bulb 
and are enclosed by the transverse fibers of 
the sphincter urethrae. 

The excretory duct of each gland, nearly 
2.5 cm long, passes obliquely forward be- 
neath the mucous membrane and opens by a 
minute orifice on the floor of the cavernous 
portion of the urethra about 2.5 cm in front 
of the urogenital diaphragm. 


Structure 


Each gland is made up of several lobules 
held together by a fibrous investment. Each 
lobule consists of acini, lined by columnar 
epithelial cells, opening into one duct, which 
joins with the ducts of other lobules outside 
the gland to form the single excretory duct. 


Female Genital Organs 


The female genital organs consist of an 
internal and an external group. The internal 
organs are situated within the pelvis and 
consist of the ovaries, the uterine tubes, the 
uterus, and the vagina. The external organs 
are superficial to the urogenital diaphragm 
and below the pubic arch. They comprise 
the mons pubis, the labia majora and minora 
pudendi, the clitoris, the vestibule, the bulb 
of the vestibule, and the greater vestibular 
glands. 


OVARIES 


The ovaries are homologous with the 
testes in the male. They are two nodular 
bodies, situated one on either side of the 
uterus in relation to the lateral wall of the 
pelvis and attached to the broad ligament of 
the uterus, dorsal and caudal to the uterine 
tubes (Fig. 17-54). The ovaries are grayish- 
pink and have either a smooth or a puck- 
ered, uneven surface. They are each about 
4cm long, 2 cm wide, and about 8 mm thick, 
and weigh 2 to 3.5 gm. Each ovary has a lat- 
eral and a medial surface, a cranial or tubal 
and a caudal or uterine extremity, and a ven- 
tral or mesovarian and a dorsal free border. 
It lies in a shallow depression, named the 
ovarian fossa, on the lateral wall of the pel- 
vis; this fossa is bounded by the external 
iliac vessels, the obliterated umbilical artery, 
and the ureter. The exact position of the 
ovary has been the subject of considerable 
differences of opinion, and the description 
given here refers to the ovary of the nullip- 
arous woman. The ovary becomes displaced 
during the first pregnancy and probably 
never again returns to its original position. 
In the erect posture the long axis of the 
Ovary is vertical. 

The tubal extremity is near the external 
iliac vein. Attached to it are the ovarian 
fimbriae of the uterine tube and a fold of 
peritoneum, the suspensory ligament of the 


Ligament of ovary 
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ovary, which is directed cranialward over 
the iliac vessels and contains the ovarian 
vessels. The uterine end is directed caudal- 
ward toward the pelvic floor; it is usually 
narrower than the tubal end and is attached 
to the lateral angle of the uterus, immedi- 
ately behind the uterine tube, by a round 
cord termed the ligament of the ovary, 
which lies within the broad ligament and 
contains some nonstriped muscular fibers. 

The lateral surface is in contact with the 
parietal peritoneum, which lines the ovarian 
fossa; the medial surface is covered largely 
by the fimbriated extremity of the uterine 
tube. The mesovarian border is straight and 
directed toward the obliterated umbilical 
artery; it is attached to the dorsal surface of 
the broad ligament by a short fold named the 
mesovarium. Between the two layers of this 
fold, the blood vessels and nerves pass to the 
hilum of the ovary. The free border is con- 
vex and directed toward the ureter. The 
uterine tube arches over the ovary, runs 
along its mesovarian border, then curves 
over its tubal pole and finally passes along 
its free border and medial surface. 


EpoGphoron 


The epodphoron (parovarium; organ of 
Rosenmiuller) (Fig. 17-55) lies in the mesosal- 
pinx between the ovary and the uterine tube, 
and consists of a few short tubules (ductuli 
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Fic. 17-54. Uterus and right broad ligament, seen dorsally. The broad ligament has been spread out and the ovary 


drawn caudalward. 
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Fic. 17-55. Broad ligaments of adult, showing remains of the Wolffian body and duct. (Modified from Farre.) 


transversi), which converge toward the 
ovary while their opposite ends open into a 
rudimentary duct, the ductus longitudinalis 
epoédphori (duct of Gartner). 


Paroophoron 


The parodphoron consists of a few scat- 
tered rudimentary tubules, best seen in the 
child, situated in the broad ligament be- 
tween the epodphoron and the uterus. The 
ductuli transversi of the epodphoron and the 
tubules of the parodphoron are remnants of 
the tubules of the Wolffian body or meso- 
nephros; the ductus longitudinalis epodphori 
is a persistent portion of the mesonephric or 
Wolffian duct. In the fetus the ovaries are sit- 
uated, like the testes, in the lumbar region, 
near the kidneys, but they gradually descend 
into the pelvis. 


Structure 


The surface of the ovary is covered by a 
layer of columnar cells, which constitutes 
the germinal epithelium (of Waldeyer’). This 


‘Heinrich Wilhelm Gottfried Waldeyer (1836-1921): A 
German anatoinist (Breslau and Berlin). 


epithelium, which is in linear continuity 
with the peritoneum, gives to the ovary a 
dull gray color compared with the shining 
smoothness of the peritoneum, and the 
transistion between the squamous epithe- 
lium of the peritoneum and the columnar 
cells that cover the ovary is marked by a line 
near the attached border of the ovary. The 
ovary consists of a number of vesicular 
ovarian follicles embedded in the meshes of 
a stroma or framework (Fig. 17-56). 
stroma. The stroma isa peculiar soft tis- 
sue Consisting mostly of spindle-shaped cells 
with a small amount of ordinary connective 
tissue abundantly supplied with blood ves- 
sels. At the surface of the organ, this tissue is 
much condensed and forms a layer (tunica 
albuginea) composed of short connective tis- 
sue fibers, with fusiform cells between them. 
OVARIAN FOLLICLES. The stroma immedi- 
ately beneath the tunica albuginea, contain- 
ing a large number of minute vesicles about 
35 ym in diameter, constitutes the cortex of 
the ovary. These vesicles are the primary 
follicles (Fig. 17-56). They contain an ovum 
about 20 um in diameter surrounded by a 
single layer of follicular cells. When these 
follicles begin to mature, the ovum swells 
and the follicular cells become larger and 
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Fic. 17-56. Section through ovary of 23-year-old woman. Lightly stained with hematoxylin. 5 x. 


proliferate by mitosis. When the follicular 
cells form many layers, a cavity filled with 
fluid forms at one side. This is the beginning 
of vesicular or ripening follicles. These re- 
cede from the surface toward the highly vas- 
cular stroma in the center of the organ, 
termed the medullary substance (zona 
vasculosa of Waldeyer). This stroma forms 
the tissue of the hilum by which the ovary is 
attached and through which the blood ves- 
sels enter; it does not contain follicles. 
When the follicle is mature, it forms a 
clear vesicle 10 to 12 mm in diameter and is 
known as a Graafian! follicle. The follicular 
cells are arranged in a layer three or four 
cells thick around the large accumulation of 
follicular fluid. At one side of the follicle 
they form a mass of Cells protruding into the 
cavity, constituting the cumulus oophorus. 
The ovum, now about 100 pm in diameter, is 
in the center of the cumulus, with the layer 
of follicular cells immediately surrounding 


'Reijnier de Graaf (1641-1673): A Dutch physician and 
anatomist (Delft). 


arranged in a regular row known as the co- 
rona radiata. 

THECA FOLLICULI. During the stages of 
growth of the follicle, the cells of the stroma 
around it become flattened into a sheath or 
theca (Fig. 17-57). When the follicle is ma- 
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Fic. 17-57. Section of a vesicular ovarian follicle. 50 x. 
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ture, the theca develops an outer and in- 
ner stratum, the theca interna and theca ex- 
terna. 

ovuLaTion. The mature follicle presses 
against the tunica albuginea, thinning it and 
bulging out on the surface of the ovary. 
Under the influence of hormones of the 
hypophysis, the follicle ruptures, allowing 
the fluid to escape into the abdominal cavity 
and the ovum to be swept into the fimbriated 
opening of the uterine tube. The cavity of 
the follicle collapses but contains some fluid 
tinged with blood, which gives it the name 
corpus hemorrhagicum (Fig. 17-56). The 
remaining follicular cells become greatly 
enlarged and take on a yellow color, forming 
the corpus luteum. The cells of the theca in- 
terna also enlarge, forming theca lutein cells 
in contrast to the follicular lutein cells. If the 
ovum is fertilized, the corpus luteum contin- 
ues to grow, attaining a size of 30 mm by the 
end of nine months. This is a corpus luteum 
graviditatis. 

When the ovum is not fertilized, the fol- 
licle forms a much smaller corpus luteum 
menstruationis. After the corpus degener- 
ates, the connective tissue forms a folded 
whitish scar known as a corpus albicans 
(Fig. 17-56). 

The periodic changes in the ovary and 
uterus during the menstrual cycle are dis- 
cussed later. 

ATRESIA OF FOLLICLES. Many of the folli- 
cles do not reach full maturity and rupture; 
they undergo instead a degenerative process 
known as atresia. In smaller follicles, the 
Ovum disintegrates and is absorbed with the 
degenerating follicular cells. With large fol- 
licles, after the follicular cells degenerate, 
the theca cells form a layer around the fol- 
licle and are absorbed into the stroma. 


VESSELS AND NERVES. The arteries of the ovaries 
and uterine tubes are the ovarian from the aorta. 
Each anastomoses freely in the mesosalpinx, with 
the uterine artery giving off some branches to the 
uterine tube and others that traverse the mesova- 
rium and enter the hilum of the ovary. The veins 
emerge from the hilum in the form of a plexus, the 
pampiniform plexus; the ovarian vein is formed 
from this plexus, and leaves the pelvis in company 
with the artery. The lymphatics are described in 
Chapter 10. The nerves are derived from the hypo- 
gastric or pelvic plexus and from the ovarian plexus; 
the uterine tube receives a branch from one of the 
uterine nerves. 


UTERINE TUBE 


The uterine tubes (Fallopian tube?!: ovi- 
duct) (Figs. 17-58; 17-59; 17-61) convey the 
ova from the ovaries to the cavity of the 
uterus. They are bilateral, extending from 
the superior lateral angle of the uterus to the 
side of the pelvis. Each one is suspended by 
a mesenteric peritoneal fold called the 
mesosalpinx, which comprises the upper 
free margin and adjacent movable portion of 
the broad ligament. Each tube is about 10 cm 
long and consists of three portions: (1) the 
isthmus, or medial constricted third; (2) the 
ampulla, or intermediate dilated portion, 
which curves over the ovary; and (3) the in- 
fundibulum with its abdominal ostium, sur- 
rounded by fimbriae, one of which, the ovar- 
ian fimbria, is attached to the ovary. The 
uterine tube is directed lateralward as far as 
the uterine pole of the ovary, and then as- 
cends along the mesovarian border of the 
ovary to the tubal pole, over which it arches: 
finally it turns downward and ends in rela- 
tion to the free border and medial surface of 
the ovary. The uterine opening is minute and 
admits only a fine bristle; the abdominal 
opening is somewhat larger. Frequently one 
or more small pedunculated vesicles are 
connected with the fimbriae of the uterine 
tube or with the broad ligament close to 
them. These are termed the appendices 
vesiculosae (hydatids of Morgagni). 


Structure 


The uterine tube consists of three coats: 
serous, musCular, and mucous. The external 
or serous coat is peritoneal. The middle or 
musCular coat consists of an external longi- 
tudinal and an internal circular layer of 
nonstriped muscular fibers continuous with 
those of the uterus. The internal or mucous 
coat is continuous with the mucous lining of 
the uterus, and at the abdominal ostium of 
the tube, with the peritoneum. It is thrown 
into longitudinal folds, plicae tubariae, 
which are much more extensive in the am- 
pulla than in the isthmus. The lining epithe- 
lium is columnar and ciliated. This form of 
epithelium is also found on the inner surface 
of the fimbriae, while on the outer or serous 


‘Gabriele Fallopio (1523-1562): An Italian anatomist and 
student of Vesalius (Padua). 
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Fic. 17-58. Female pelvis and its contents, seen from above and in front. 


surfaces of these processes the epithelium 
merges into the mesothelium of the perito- 
neum. 

Fertilization of the ovum is believed to 
occur in the tube (see Chapter 2), and the fer- 
tilized ovum then normally passes into the 
uterus. The ovum, however, may adhere to 
and develop in the uterine tube, giving rise 
to the commonest variety of ectopic gesta- 
tion. In such cases the amnion and chorion 
are formed, but a true decidua is never pres- 
ent. The gestation usually ends by extrusion 
of the ovum through the abdominal ostium, 
although the tube may rupture into the peri- 
toneal cavity; this is accompanied by severe 
hemorrhage and requires surgical interven- 
tion. 


VESSELS AND NERVES. The arteries that supply 
the uterine tube are branches of the uterine and 
ovarian arteries. One branch from the uterine artery, 
much stronger than the others, has special surgical 
importance (Sampson's! artery). It arises just before 
the uterine artery anastomoses with the ovarian ar- 
tery, and continues along the tube to its fimbriated 
extremity, giving off branches along its course. The 
veins drain into the uterine plexus. The lymphatics 


‘John Albertson Sampson (1873-1943): An American 
gynecologist (Albany). 


drain partly with the uterine and partly with the ovar- 
ian vessels. 

The nerves are derived from the pelvic plexus of 
sympathetic and parasympathetic sacral nerves. 


THE UTERUS 


The uterus (womb) (Figs. 17-54; 17-58 to 
17-60) is a thick-walled, hollow, muscular 
organ situated in the pelvis between the 
bladder and the rectum. The uterine tubes 
open into its upper abdominal part, and at 
its perineal end its cavity communicates 
with that of the vagina. It changes remarka- 
bly in size, structure, and position during 
pregnancy, and although it returns again 
almost to its former condition, the following 
description is based on the uterus of an adult 
woman who has never been pregnant. 

The uterus is pear-shaped, somewhat flat- 
tened dorsoventrally, and elongated, with its 
long axis parallel with the median plane but 
curved to correspond with the axis of the 
pelvis. It measures about 7.5 cm in length, 
5 cm in breadth at its cranial part, and nearly 
2.75 cm in thickness; it weighs 30 to 40 gm. 

The uterus is divided structurally and 
functionally into two parts, the body and the 
cervix. On the surface, about midway be- 
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Fic. 17-59. Median sagittal section of female pelvis. The bladder is empty; the uterus and vagina are slightly dilated. 


(Eycleshymer and Jones.) 


tween the two ends, is a slight constriction 
known as the isthmus. Corresponding to this 
on the inside is a narrowing of the cavity, 
formerly known as the internal orifice of the 
uterus. The part cranial to the isthmus is the 
body; caudal to it, the cervix. 


Body 


The part of the body (corpus uteri) that 
extends toward the abdomen as a free, 
rounded extremity above the entrance of the 
uterine tubes is called the fundus. The body 
gradually narrows from the fundus to the 
isthmus (Fig. 17-61). 

The ventral or vesical surface faces to- 
ward the bladder, and the peritoneum cover- 
ing its surface is reflected, at the junction 
with the cervix, into the vesicouterine exca- 
vation and thence to the bladder. 

The dorsal or intestinal surface is more 


convex and the peritoneum covering its sur- 
face is more extensive than that of the vesi- 
cal surface. It extends over the cervix and 
over the cranial portion of the vagina. The 
peritoneal excavation between it and the 
rectum is the rectouterine fossa and is usu- 
ally occupied by coils of small intestine. 

The fundus is convex in all directions and 
its free surface, covered by peritoneum, is 
usually in contact with coils of small intes- 
tine or a distended sigmoid colon. 

The lateral margins are slightly convex. At 
the upper end of each, the uterine tube joins 
the uterine wall. Ventral and caudal to this 
point the round ligament of the uterus is 
fixed, while dorsal to it is the attachment of 
the ligament of the ovary. These three struc- 
tures lie within a fold of peritoneum that is 
reflected from the margin of the uterus to the 
wall of the pelvis, and is named the broad 
ligament. 
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Fic. 17-60. Genital tract in the female after an injection of barium sulfate into the uterus. x, Body of uterus. Note the 
two cornua leading to the uterine tubes. x x, Speculum in vagina. The arrows indicate the infundibula of the uterine 
tubes. Some of the barium has passed through the pelvic opening of the tube into the general peritoneal cavity. 


Cervix 


The cervix (neck) is the portion of the 
uterus between the isthmus and the vagina. 
It is about 2 cm long, and the end toward the 
perineum protrudes into the cavity of the 
vagina as a free extremity. The attachment 
of the vagina around its periphery divides it 
into a vaginal and a supravaginal portion. 

The supravaginal portion is separated 
ventrally from the bladder by fibrous tissue 
(parametrium), which extends also to its 
sides and lateralward between the layers of 
the broad ligaments. The uterine arteries 
reach the margins of the cervix in this fi- 
brous tissue, where they cross over the ure- 
ters. The ureters, on either side, run ventral- 
ward in the parametrium about 2 cm from 
the cervix. Dorsally, the supravaginal cervix 
is covered by peritoneum, which is pro- 
longed caudalward on the posterior vaginal 
wall before it is reflected over to the rectum. 

The vaginal portion of the cervix projects 
into the cavity of the vagina, the free end 


resting against the dorsal wall. On _ its 
rounded extremity is around or oval depres- 
sion that marks the uterine orifice (external 
os) leading into the cavity of the cervix. The 
orifice is bounded by two lips, the ventral lip 
and the dorsal lip. Between the dorsal lip 
and the vaginal wall is the posterior fornix, 
the most cranial part of the vaginal cavity, 
and between the ventral lip and the vaginal 
wall is the anterior fornix (Fig. 17-59). 

The cavity of the uterus is compressed 
dorsoventrally into a mere slit. The orifices 
of the uterine tubes and the internal surface 
of the fundus form the base of a triangle 
whose apex is the isthmus, leading into the 
canal of the cervix. The total length of the 
uterine cavity from the external orifice to the 
fundus is about 6.25 cm. 


Canal of Cervix 


The canal of the cervix (Fig. 17-61) is 
somewhat flattened: and wider in the middle 
than at either extremity. It communicates 


1574 THE UROGENITAL SYSTEM 


Ampulla of uterine tube 


Transverse ducts of epoophoron 


isthmus of uterine tube 


Intramural portion of uterine tube 


Mouth of uterine tube 


Uterine cavity 


Uterine tube 


Ovarian ligament 


Tunica mucosa 


Tunica muscularis 
Tunica serosa 


Cervix 


Fic. 17-61. 


through the isthmus with the cavity of the 
uterine body, and through the external ori- 
fice with the vaginal cavity. The wall of the 
canal has an anterior and a posterior longitu- 
dinal ridge, from each of which proceed a 
number of small oblique columns, the pal- 
mate folds, which give the appearance of 
branches from the stem of a tree. To this ar- 
rangement, the name arbor vitae uterina is 
applied. The folds on the two walls are not 
opposed exactly, but fit between one another 
to close the cervical canal. 


Ligaments 


The principal ligaments of the uterus are 
the broad ligaments, the round ligaments, 
the uterosacral ligaments, and the cardinal 
ligaments. In addition, certain peritoneal 
folds are called ligaments: the vesicouterine, 
rectouterine, and sacrogenital ligamenis. 

BROAD LIGAMENTS. ‘The broad ligaments 
(Figs. 17-54; 17-55) are two fibrous sheets, cov- 
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ered on both surfaces with peritoneum, that 
extend from each side of the uterus to the 
lateral wall and bottom of the pelvis. The 
uterus and these lateral extensions together 
form a septum across the cavity of the pelvis, 
dividing it into a vesicouterine and a rectou- 
terine fossa (Figs. 17-58; 17-59, not labeled). 
The broad ligament is thicker at its inferior 
pelvic attachment than at its free border. 
Between the two peritoneal sheets or leaves 
of the ligament are: 


Parametrium 

Uterine artery 

Uterine tube 
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Epoophoron and parodphoron 

(Ovary) 

(Ureter) 

1. The parametrium is the extension of 
the subserous connective tissue of the uterus 
laterally into the broad ligament. The name 
has been applied also to the whole broad lig- 
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ament below the attachment of the ovary, 
but sometimes the latter is referred to as the 
mesometrium. It contains scattered smooth 
muscle bundles, is anchored to the lateral 
pelvic wall, and is continuous with the car- 
dinal ligament of the intrapelvic fascia. 

2. The uterine artery of each side enters 
the base of the broad ligament at the latter’s 
attachment to the lateral wall of the pelvis 
and traverses the pelvis between the two 
leaves close to their reflection to the pelvic 
floor. It crosses the ureter just before it 
reaches the cervical portion of the uterus, 
and in the parametrium it follows the lateral 
border of the uterus up to the isthmus of the 
uterine tube. It follows the tube laterally and 
anastomoses with the ovarian artery. The 
Ovarian artery crosses the external iliac ves- 
sels in a vertical direction, enters the most 
superior lateral portion of the broad liga- 
ment enclosed in a fibrous cord, the suspen- 
sory ligament of the ovary (infundibulopel- 
vic ligament), and follows the attached 
border of the ovary to the anastomoses 
with the uterine artery. 

3. The superior free border of the broad 
ligament is occupied by the uterine tube, ex- 
cept at its lateral extremity, where it forms 
the suspensory ligament of the ovary which 
also attaches the infundibulum of the tube to 
the lateral wall of the pelvis. The free por- 
tion of the broad ligament extending down 
as far as the attachment of the ovary is called 
the mesosalpinx. It is less fixed than the rest 
of the ligament and affords,a movable mes- 
enteric support for the tube. 

4. The round ligaments are described 
below with the other ligaments of the uterus. 

5. The epodéphoron and paroéphoron lie 
in the mesosalpinx. 

6. The ovary is secured to the posterior 
surface of the broad ligament by a mesen- 
teric attachment, the mesovarium, derived 
from the posterior leaf. It does not lie, there- 
fore, between the leaves of the broad liga- 
ment. Folds of the posterior leaf at each end 
of the ovary cover the suspensory ligament 
of the ovary and the ligamentum ovaril 
proprium, a musculofibrous cord joining the 
ovary to the uterus. 

7. The ureter crosses the attached inferior 
border of the broad ligament obliquely, as it 
courses along the pelvic floor toward the 
base of the bladder. It comes to within 1 or 
2 cm of the uterus at this point and lies close 
to the uterine artery, between the latter and 
the pelvic diaphragm. 
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ROUND LIGAMENT. The round ligament is a 
flat band attached to the superior part of the 
lateral border of the uterus just caudal and 
ventral to the isthmus of the uterine tube. It 
traverses the pelvis between the leaves of 
the broad ligament but causes a prominent 
protrusion of the anterior leaf only. It 
reaches the pelvic wall lateral to the lateral 
vesicoumbilical fold, ascends over the exter- 
nal iliac vessels and inguinal ligament, and 
penetrates the abdominal wall through the 
deep inguinal ring. It passes through the in- 
guinal canal, and its constituent fibers 
spread out to help form the substance of the 
labia majora. In the fetus, the peritoneum is 
prolonged in the form of a tubular process 
for a short distance into the inguinal canal 
beside the ligament. This process is called 
the canal of Nuck (Fig. .17-62). It is generally 
obliterated in the adult, but sometimes re- 
mains pervious even in advanced life. It is 
analogous to the saccus vaginalis, which 
precedes the descent of the testis. 

CARDINAL LIGAMENT. The cardinal liga- 
ment (of Mackenrodt?) is a fibrous sheet of 
the subserous fascia embedded in the adi- 
pose tissue on each side of the lower cervix 
uteri and vagina. To form it, the fasciae over 
the ventral and dorsal walls of the vagina 
and cervix come together at the lateral bor- 
der of these organs, and the resulting sheet 
extends across the pelvic floor as a deeper 


‘Alwin Mackenrodt (1859-1925): A German gynecologist 
and pathologist (Berlin). 
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continuation of the broad ligament. As the 
sheet reaches the lateral portion of the pel- 
vic diaphragm, it forms ventral and dorsal 
extensions that are attached to the internal 
investing layer of deep fascia (supra-anal 
fascia) on the inner surface of the levator 
ani, coccygeus and piriformis muscles. This 
attachment is commonly visible as a white 
line 2 or 3 cm below the arcus tendineus of 
the levator ani, and is called the arcus 
tendineus of the pelvic fascia. The ventral 
extension is continuous with the tissue sup- 
porting the bladder; the dorsal extension 
blends with the uterosacral ligaments. The 
vaginal arteries cross the pelvis in close as- 
sociation with this ligament, giving it addi- 
tional substance and support, and bundles of 
smooth muscle may be embedded in it. 

UTEROSACRAL LIGAMENT. The uterosacral 
ligament is a prominent fibrous band of sub- 
serous fascia that takes a curved course 
along the lateral wall of the pelvis from the 
cervix uteri to the sacrum. It is a posterior 
continuation of the tissue that forms the car- 
dinal ligament. It is attached to the deep fas- 
cia and periosteum of the sacrum and con- 
tains a bundle of smooth muscle named the 
rectouterinus. The ligaments on the two 
sides project out from the wall as crescentic 
shelves, which narrow the diameter of the 
cavity ventral to the lower rectum and mark 
it off as the cul-de-sac of Douglas.! 

OTHER LIGAMENTS AND FOLDS. The vesi- 
couterine fold or anterior ligament is the re- 
flection of peritoneum from the anterior sur- 
face of the uterus, at the junction of the 
cervix and body, to the posterior surface of 
the bladder. 

The rectovaginal fold or posterior liga- 
ment is the peritoneum reflected from the 
wall of the posterior fornix of the vagina 
onto the anterior surface of the rectum. 

The sacrogenital or rectouterine folds (of 
Douglas) are two crescentic folds that cover 
the uterosacral ligaments. 

The rectouterine excavation (pouch or 
cul-de-sac of Douglas) is a deep pouch 
formed by the most inferior or caudal por- 
tion of the parietal peritoneum. Its ventral 
boundary is the supravaginal cervix and 
posterior fornix of the vagina; dorsal bound- 
ary, the rectum; and lateral boundary, the 
sacrogenital folds covering the ulterosacral 
ligaments. 


‘James Douglas (1675-1742): An English physician and 
anatomist (London). 


Support of the Uterus 


The principal support of the uterus is the 
pelvic diaphragm, especially the levator ani 
and its investing layers of fascia, and unless 
it is intact the other structures are unable to 
carry out their supporting function. The 
uterus is held in its proper position within 
the pelvis by its attachment to the vagina 
and by the cardinal, broad, and uterosacral 
ligaments. The blood vessels reinforce these 
ligaments. The round ligaments and the peri- 
toneal folds have relatively slight impor- 
tance as mechanical supports. The padding 
of adipose tissue about the ligaments and 
organs, in well-nourished individuals, is an 
important element of support. There is a 
great variation in the size and development 
of the supporting structures in different indi- 
viduals, and they may be thickened or 
strengthened in response to physiologic and 
pathologic changes. 


Position of the Uterus 


The form, size, and situation of the uterus 
vary at different periods of life and under 
different circumstances. 

In the fetus and infant, the uterus is con- 
tained in the abdominal cavity, projecting 
beyond the superior aperture of the pelvis 
(Fig. 17-62). The cervix is considerably larger 
than the body. 

At puberty, the uterus is piriform and 
weighs 14 to 17 gm. It has descended into the 
pelvis, the fundus being just below the level 
of the superior aperture of this cavity. The 
palmate folds are distinct and extend to the 
upper part of the cavity of the organ. 

The position of the uterus in the adult is 
liable to considerable variation. With the 
bladder and rectum empty, the body of the 
uterus is nearly horizontal when the individ- 
ual is standing. The fundus is about 2 cm 
behind the symphysis pubis and slightly cra- 
nial to it. The uterus and vagina are at an 
angle of about 90° with each other. The ex- 
ternal os is half way between the spines of 
the ischia. As the bladder fills, the uterus is 
bent back toward the sacrum. 

During menstruation, the organ is en- 
larged, more vascular, and its surfaces 
rounder; the external orifice is rounded, its 
labia swollen, and the lining membrane of 
the body thickened, softer, and darker. 

During pregnancy, the uterus becomes 
enormously enlarged, and in the eighth 


month reaches the epigastric region. The 
increase in size is partly due to growth of 
preexisting muscle and partly to the devel- 
opment of new fibers. 

After parturition, the uterus nearly regains 
its usual size, weighing about 42 gm, but its 
cavity is larger than in the virgin state; its 
vessels are tortuous, and its muscular layers 
are more defined; the external orifice is more 
marked, and its edges present one or more 
fissures. 

In old age, the uterus becomes atrophied, 
paler, and denser in texture; a more distinct 
constriction separates the body and cervix. 
The isthmus is frequently, and the ostium 
occasionally, obliterated, while the lips al- 
most entirely disappear. 


Structure 


The uterus is composed of three coats: an 
external or serous, a middle or muscular, 
and an internal or mucous coat. 

SEROUS coaT. The serous coat (perime- 
trium) is derived from the peritoneum; it 
invests the fundus and the whole of the in- 
testinal surface of the uterus, but covers the 
vesical surface only as far as the junction of 
the body and cervix. In the lower fourth of 
the intestinal surface, the peritoneum, 
though covering the uterus, is not closely 
connected with it, being separated from it by 
a layer of loose cellular tissue and some 
large veins. 

MUSCULAR CoaT. The muscular coat (myo- 
metrium) forms the chief bulk of the sub- 
stance of the uterus. In the non-gravid young 
woman it is dense, firm, and grayish, and 
cuts almost like cartilage. It is thick opposite 
the middle of the body and fundus, and thin 
at the orifices of the uterine tubes. It consists 
of bundles of unstriped muscular fibers dis- 
posed in a thick, felt-like structure, inter- 
mixed with areolar tissue, blood vessels, 
lymphatic vessels, and nerves. Muscle fibers 
are continued on to the uterine tube, the 
round ligament, and the ligament of the 
Ovary, some passing at each side into the 
broad ligament, and others running back- 
ward from the cervix into the uterosacral 
ligaments. During pregnancy the muscular 
tissue becomes more prominently devel- 
oped, the fibers being greatly enlarged. 

MUCOUS MEMBRANE. The mucous mem- 
brane (endometrium) (Fig. 17-63) is smooth 
and closely adherent to the subjacent mus- 
cular tissue. It is continuous through the fim- 
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Fig. 17-63. Vertical section of mucous membrane of 
human uterus. ep., epithelium; gl., lumen of gland; m.. 
muscularis; s., connective tissue stroma. (Sobotta.) 


briated extremity of the uterine tubes with 
the peritoneum, and through the uterine os- 
tium with the lining of the vagina. 

In the body of the uterus, the mucous 
membrane is smooth, soft, pale red, lined by 
a single layer of high columnar ciliated epi- 
thelium, and presents, when viewed with a 
lens, the orifices of numerous tubular folli- 
cles arranged perpendicularly to the surface. 
The structure of the corium differs from that 
of ordinary mucous membranes; it consists 
of an embyronic nucleated and highly cellu- 
lar form of connective tissue containing 
numerous large lymphatics. Jn it are the 
tube-like uterine glands. 

In the cervix, the mucous membrane is 
sharply differentiated from that of the uter- 
ine cavity. It is thrown into numerous 
oblique ridges that diverge from an anterior 
and posterior longitudinal raphe. In the 
upper two-thirds of the canal, the mucous 
membrane is provided with numerous deep 
glandular follicles that secrete a clear viscid 
alkaline mucus; in addition, extending 
through the whole length of the canal is a 
variable number of little cysts that have be- 
come occluded and distended with retained 
secretion. These are called the ovulaNabothi.' 
The mucous membrane covering the lower 
half of the cervical canal has numerous pa- 
pillae. The epithelium of the upper two- 
thirds is cylindrical and ciliated, but below 


'Martin Naboth (1675-1721): A German anatomist (Leipzig). 
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this it loses its cilia and gradually changes to 
stratified squamous epithelium close to the 
ostium uteri. On the vaginal surface of the 
cervix the epithelium is stratified squamous 
similar to that lining the vagina. 


VESSELS AND NERVES. The arteries of the uterus 
are the uterine, from the internal iliac artery, and the 
ovarian, from the abdominal aorta. They are remark- 
able for their tortuous course in the substance of the 
organ and for their frequent anastomoses. The ter- 
mination of the ovarian artery meets that of the uter- 
ine artery and forms an anastomotic trunk from 
which branches are given off to supply the uterus in 
a circular disposition. 

The veins are large and correspond with the ar- 
teries. They end in the uterine plexuses. In the im- 
pregnated uterus, the arteries carry the blood to, 
and the veins convey it away from, the intervillous 
space of the placenta. The lymphatics are described 
in Chapter 10. 

The nerves are derived from the hypogastric 
and ovarian plexuses and from the third and 
fourth sacral nerve. Afferent fibers from the 
uterus enter the spinal cord solely through the 
eleventh and twelfth thoracic nerves. 


Menstrual Cycle 


After puberty and throughout the child- 
bearing period the endometrium undergoes 
periodic changes called the menses. The 
manifestation of this cycle is bleeding from 
the uterus, and the beginning of the bleeding 
is used as the point of time from which the 
cycle is measured. The common length of a 
cycle is 28 days, but this may vary markedly 
from individual to individual and between 
cycles of the same individual. 

The changes in the uterus are closely cor- 
related with cyclic changes in the ovary, and 
the two organs must be considered together. 
Although the changes are a continuous proc- 
ess, the cycle is usually divided into four 
phases: (a) proliferative, (b) secretory or 
progravid, (c) premenstrual, and (d) men- 
strual. 

PROLIFERATIVE PHASE. ‘The portion of the 
endometrium adjacent to the myometrium, 
known as the basalis, remains after the men- 
strual flow, allowing the glands and lining 
epithelium to be restored to an inactive con- 
dition such as that shown in Figure 17-63. 
After the cessation of the menstrual flow, a 
hormone from the adenohypophysis, the 
follicle-stimulating hormone, causes the 
growth of one of the ovarian follicles. As the 
follicle enlarges it produces the hormone es- 


trogen, which stimulates the proliferation of 
the endometrium, greatly enlarging the uter- 
ine glands. 

SECRETORY OR PROGRAVID PHASE. When 
the ovarian follicle has ripened into a ma- 
ture Graafian follicle, it ruptures, frequently 
at the middle of the cycle, liberating the 
ovum. The ruptured follicle, under the influ- 
ence of the pituitary luteinizing hormone, 
develops into a corpus luteum, whose prolif- 
erating cells produce the hormone proges- 
terone. The progesterone stimulates the en- 
larged endometrial glands to secrete and 
prepare the uterus for the reception of the 
fertilized ovum. 

PREMENSTRUAL PHASE. If the ovum is fer- 
tilized, the corpus luteum continues to grow 
into the corpus luteum of pregnancy, but if 
the ovum is not fertilized, the corpus luteum 
begins to degenerate and it no longer pro- 
duces hormones. The endometrium re- 
sponds with changes in the blood supply, 
deterioration of the tissues, and fragmenta- 
tion of the glands and epithelium. 

MENSTRUAL PHASE. That portion of the 
endometrium containing the enlarged glands 
and abundant capillaries is known as the 
functionalis, in distinction from the depths 
of the glands and tissue adjacent to the my- 
ometrium, known as the basalis. During 
the menstrual discharge, the functionalis 
sloughs away and the ruptured vessels pro- 
duce the bleeding of the menstrual flow. The 
basalis remains to establish the new endo- 
metrium for the next succeeding cycle. 


THE VAGINA 


The vagina (Figs. 17-61; 17-64) extends 
from the vestibule to the uterus and is situ- 
ated dorsal to the bladder and ventral to the 
rectum. Its axis forms an angle of over 90° 
with that of the uterus. Its walls are ordinar- 
ily in contact, and the usual shape of its 
lower part on transverse section is that of an 
H, the transverse limb being slightly curved 
forward or backward, while the lateral limbs 
are somewhat convex toward the median 
line; its middle part has the appearance of a 
transverse slit. The length of the vagina is 6 
to 7.5 cm along the ventral wall and 9 cm 
along the dorsal wall. It is constricted at its 
commencement, dilated in the middle, and 
narrowed near its uterine extremity; it sur- 
rounds the vaginal portion of the cervix 


uteri, its attachment extending higher up on 
the dorsal than on the ventral wall of the 
uterus. The recess dorsal to the cervix is the 
posterior fornix; the smaller ventral and lat- 
eral recesses are called the anterior and lat- 
eral fornices. 


RELATIONS. The ventral surface of the vagina is 
in relation with the fundus of the bladder and with 
the urethra. Its dorsal surface is separated from the 
rectum by the rectouterine excavation in its upper 
fourth and by the rectovaginal fascia in its middle 
two-fourths; the lower fourth is separated from the 
anal canal by the perineal body. As the terminal por- 
tions of the ureters pass ventralward and medialward 
to reach the fundus of the bladder, they run close to 
the lateral fornices of the vagina, and as they enter 
the bladder they are slightly in front of the ventral 
fornix. 


Structure 


The vagina consists of an internal mucous 
lining and a muscular coat separated by a 
layer of erectile tissue. 

MUCOUS MEMBRANE. The mucous mem- 
brane is continuous above with that lining 
the uterus. Its inner surface has two longitu- 
dinal ridges, one on its anterior and one on 
its posterior wall. These ridges are called the 
columns of the vagina and from them nu- 
merous transverse ridges or rugae extend 
outward on either side. These rugae are di- 
vided by furrows of variable depth, giving to 
the mucous membrane the appearance of 
being studded over with conical projections 
or papillae; they are most numerous near the 
orifice of the vagina, especially before partu- 
rition. The epithelium covering the mucous 
membrane is of the stratified squamous vari- 
ety. The submucous tissue is loose and con- 
tains a plexus of large veins, together with 
smooth muscular fibers derived from the 
muscular coat. It contains mucous crypts, 
but no true glands. 

MUSCULAR Coat. The muscular coat con- 
sists of two layers: an external longitudinal 
layer, which is by far the stronger, and an 
internal circular layer. The longitudinal fi- 
bers are continuous with the superficial 
muscular fibers of the uterus. The strongest 
fasciculi are those attached to the recto- 
vesical fascia on either side. The two layers 
are not distinctly separable from each other, 
but are connected by oblique decussating 
fasciculi, which pass from the one layer to 
the other. In addition to this, the vagina at its 


FEMALE GENITAL ORGANS 1579 


lower end is surrounded by the erectile tis- 
sue of the bulb of the vestibule and a band of 
striped muscular fibers, the bulbospongiosus 
muscle. 

External to the muscular coat is a layer of 
connective tissue containing a large plexus 
of blood vessels. 


VESSELS AND NERVES. The vaginal artery arises 
from the uterine artery or from the adjacent internal 
iliac artery, supplies the mucous membrane, and 
anastomoses with the uterine, inferior vesicle, and 
middle rectal arteries. The branch of the uterine ar- 
tery to the cervix descends on the dorsal or ventral 
wall, forming the azygos artery of the vagina, which 
anastomoses with the vaginal artery. The veins run 
along both sides, forming plexuses with the uterine, 
vesical, and rectal veins, and ending in a vein that 
opens into the internal iliac vein. The lymphatics are 
described in Chapter 10. 

The nerves are derived from the vaginal plexus 
and from the pudendal nerve. 


EXTERNAL GENITAL ORGANS 


The external genital organs of the female 
(Fig. 17-64) are: (1) the mons pubis, (2) the 
labia majora, (3) the labia minora, (4) the clit- 
oris, (5) the vestibule of the vagina, (6) the 
bulb of the vestibule, and (7) the greater ves- 
tibular glands. The term pudendum or 
vulva, as generally applied, includes all 
these parts. 


Mons Pubis 


The mons pubis (mons Veneris), the 
rounded eminence in front of the pubic sym- 
physis, is formed by a collection of fatty tis- 
sue beneath the integument. It becomes cov- 
ered with hair at puberty. 


Labia Majora 


The labia majora are two prominent longi- 
tudinal cutaneous folds that extend caudal- 
ward and dorsalward from the mons pubis 
and form the lateral boundaries of a fissure 
or cleft, the pudendal cleft, into which the 
vagina and urethra open. Each labium has 
two surfaces: an outer surface, pigmented 
and covered with strong, crisp hairs; and an 
inner surface, smooth and beset with large 
sebaceous follicles. Between the two is a 
considerable quantity of areolar tissue, fat, 
and a tissue resembling the dartos tunic of 


1580 «THE LJROGENITAL SYSTEM 


Mons pubis 





Prepuce of 
clitoris 


Vestibule 


Labium 
majus 


Hymen — 


Posterior 
labial 
commissure 


Anus ———== 


Anterior labial 


commissure 


= Clitoris 


= Labium minus 


Urethral orifice 


Vaginal orifice 


Frenulum of 
labia minora 


Central 
perineal 
point 


= a 
_ *- 


Fig. 17-64. The female external genitalia. The labia majora and labia minora have been drawn apart. 


the scrotum, besides vessels, nerves, and 
glands. The labia are thicker in front, where 
they join to form the anterior labial commis- 
sure. Posteriorly they are not really joined, 
but appear to become lost in the neighboring 
integument, ending close to, and nearly par- 
allel with each other. Together with the con- 
necting skin between them, they form the 
posterior labial commissure or posterior 
boundary of the pudendum. The _ labia 
majora correspond to the scrotum in the 
male. 


Labia Minora 


The labia minora (nymphae) are two small 
folds situated between the labia majora and 
extending from the clitoris obliquely back- 


ward for about 4 cm on either side of the 
orifice of the vagina; they end between the 
labia majora and the vaginal orifice. In the 
virgin, the posterior ends of the labia minora 
are usually joined across the midline by a 
fold of skin, named the frenulum of the labia 
or fourchette. Anteriorly, each labium minus 
divides into two portions: the upper division 
passes above the clitoris to meet its fellow of 
the opposite side, forming a fold that over- 
hangs the glans clitoridis and is named the 
preputium clitoridis; the lower division 
passes beneath the clitoris and becomes 
united to its undersurface, forming, with the 
corresponding structure of the opposite side, 
the frenulum of the clitoris. On the opposed 
surfaces of the labia minora are numerous 
sebaceous follicles. 


Clitoris 


The clitoris is an erectile structure, homol- 
ogous with the penis. It is situated beneath 
the anterior labial commissure, partially 
hidden between the anterior ends of the 
labia minora. The free extremity (glans 
clitoridis) is a small rounded tubercle. It con- 
sists of two corpora cavernosa, composed 
of erectile tissue enclosed in a dense layer of 
fibrous membrane; each corpus is connected 
to the rami of the pubis and ischium by a 
crus similar to that of the penis. The clitoris, 
like the penis, is provided with a suspensory 
ligament and with two small muscles, the 
ischiocavernosi, which are inserted into the 
crura of the clitoris. 


Vestibule 


The cleft between the labia minora and 
behind the glans clitoridis is named the ves- 
tibule of the vagina: in it are seen the ure- 
thral and vaginal orifices and the openings 
of the ducts of the greater vestibular glands. 

The external urethral orifice (urinary 
meatus) is placed about 2.5 cm dorsal to the 
glans clitoridis and immediately ventral to 
that of the vagina; it usually assumes the 
form of a short, sagittal cleft with slightly 
raised margins. 

The vaginal orifice is a median slit cau- 
dal and dorsal to the opening of the ure- 
thra; its size varies inversely with that of 
the hymen. : 

The hymen is a thin fold of mucous mem- 
brane situated at the orifice of the vagina; 
the inner edges of the fold are normally in 
contact with each other, and the vaginal ori- 
fice appears as a cleft between them. The 
hymen varies much in shape. When 
stretched, its commonest form is that of a 
ring, generally broadest posteriorly; some- 
times it is represented by a semilunar fold, 
with its concave margin turned toward the 
pubes. Occasionally it is cribriform or its 
free margin forms a membranous fringe. It 
may be entirely absent or may form a com- 
plete septum across the lower end of the 
vagina; the latter condition is known as im- 
perforate hymen. It may persist after copula- 
tion, so its presence cannot be considered a 
sign of virginity. When the hymen has been 
ruptured, small rounded elevations known 
as the carunculae hymenales are found as its 
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remains. Between the hymen and the frenulum 
of the labia is a shallow depression, named 
the navicular fossa. 


Bulb of Vestibule 


The bulb of the vestibule (vaginal bulb) is 
the homologue of the bulb and adjoining 
part of the corpus spongiosum penis of the 
male. It consists of two elongated masses of 
erectile tissue, placed one on either side of 
the vaginal orifice and united to each other 
in front by a narrow median band termed 
the pars intermedia. Each lateral mass meas- 
ures a little over 2.5 cm long. Their poste- 
rior ends are expanded and are in contact 
with the greater vestibular glands; their an- 
terior ends are tapered and joined to each 
other by the pars intermedia: their deep sur- 
faces are in contact with the superficial 
layer of the urogenital diaphragm. Superfi- 
cially, they are covered by the bulbospongi- 
osus muscle. 


Greater Vestibular Glands 


The greater vestibular glands (Bartholin’s 
glands) are the homologues of the bulboure- 
thral glands in the male. They consist of two 
small, roundish bodies situated one on either 
side of the vaginal orifice in contact with the 
posterior end of each lateral mass of the 
bulb of the vestibule. Each gland opens by 
means of a duct, about 2 cm long, immedi- 
ately lateral to the hymen, in the groove be- 
tween it and the labium minus. 


VESSELS AND NERVES. The arteries are derived 
from the internal pudendal artery through the peri- 
neal artery, the artery of the bulb, and deep and 
dorsal arteries of the clitoris. The veins drain into 
the pudendal plexus, which empties into the vaginal 
and inferior vesical veins. The lymphatics follow the 
external pudendal vessels and drain into the inguinal 
or external iliac nodes. The nerves are derived from 
the pudendal nerve and the pelvic plexus. 


MAMMARY GLAND 


The mammary gland (breast) is an acces- 
sory of the reproductive system function- 
ally, since it secretes milk for nourishment 
of the infant, but structurally and develop- 
mentally it is closely related to the integu- 
ment. It reaches its typical development in 
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women during the early childbearing period, 
but is present only in a rudimentary form in 
infants, children, and men. 

In the adult nullipara, each mamma forms 
a discoidal, hemispherical, or conical emi- 
nence on the anterior chest wall, extending 
from the second to the sixth or seventh rib, 
and from the lateral border of the sternum 
into the axilla. It protrudes 3 to 5 cm from 
the chest wall, and its craniocaudal diame- 
ter, approximately 10 to 12 cm, is somewhat 
less than its transverse diameter. Its average 
weight is 150 to 200 gm, increasing to 400 or 
500 gm during lactation. The left mamma is 
generally slightly larger than the right. 

The glandular tissue forms 15 or 20 lobes 
arranged radially about the nipple, each lobe 
having its own individual excretory duct. 
The glandular tissue does not occupy the 
entire eminence called the breast; a variable 
but considerable amount of adipose tissue 
fills out the stroma between and around the 
lobes. The central portion is predominantly 
glandular, the peripheral predominantly fat. 
The connective tissue stroma in many places 
is concentrated into fibrous bands that 
course vertically through the substance of 
the breast, attaching the deep layer of the 
subcutaneous fascia to the dermis of the 
skin. These bands are known as suspensory 
ligaments of the breast or Cooper’s liga- 
ments!. The entire breast is contained within 
the subcutaneous fascia. The deep surface is 
separated from the underlying external in- 
vesting layer of deep fascia by a fascial cleft 
that allows considerable mobility. The deep 
surface of the breast is concave, molded over 
the ventral chest wall mostly in contact with 
the pectoral fascia, but laterally with the 
axillary and serratus anterior fascia, and in- 
feriorly it may reach the obliquus externus 
and rectus abdominis muscles. 


Papilla 


The mammary papilla or nipple projects 
as a small cylindrical or conical body, a little 
below the center of each breast at about the 
level of the fourth intercostal space. It is per- 
forated at the tip by 15 or 20 minute open- 
ings, the apertures of the lactiferous ducts. 
The characteristic skin of the nipple, pig- 
mented, wrinkled, and roughened by papil- 
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lae, extends outward on the surface of the 
breast for 1 or 2 cm to form the areola. The 
color of the nipple and areola in nulliparae 
varies [rom rosy pink to brown, depending 
on the complexion of the individual. During 
the second month and progressing through 
pregnancy, the skin becomes darker and the 
areola becomes larger. Following lactation 
the pigmentation diminishes but is never 
entirely lost and may be used to differentiate 
nulliparous from parous individuals. 


Areola 


The areola is made rough by the presence 
of numerous large sebaceous glands, which 
produce small elevations of its surface. 
These areolar glands (glands of Montgom- 
ery”) secrete a lipoid material that lubricates 
and protects the nipple during nursing. The 
subcutaneous tissue of the areola contains 
circular and radiating smooth muscle bun- 
dles, which cause the nipple to become erect 
in response to stimulation. 


Development 


The primordium of the mamma is first rec- 
ognizable during the sixth week of intrauter- 
ine life as a bandlike thickening of the ecto- 
derm of the anterolateral body wall. It 
extends from the axilla to the inguinal re- 
gion and is called the milk line. The thicken- 
ing of the ectoderm pushes into the subcuta- 
neous mesoderm as it enlarges. After the 
eighth week, only the portion of the ridge 
destined to become mamma is identifiable. 
During the remainder of fetal life the epithe- 
lial cells proliferate, gradually forming buds 
and cords of cells projecting into the subcu- 
taneous tissue, and by birth, little more than 
the main ducts have formed in both sexes. 
The glands remain in this infantile condition 
in the male. 

ADOLESCENT HYPERTROPHY. The female 
gland changes only slightly from the infan- 
tile condition until the approach of puberty. 
At this time the mamma enlarges due to an 
increase in glandular tissue, particularly the 
ducts, and to a deposit of adipose tissue. The 
Mammary papilla and areola enlarge, in- 
crease slightly in pigmentation, acquire 
smooth muscle, and become sensitive. After 
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the onset of the menses, the mamma change 
with each period. In the premenstrual phase 
there is a vascular engorgement, increase in 
the glands, and enlargement of their lumens. 
During the postmenstrual phase the mamma 
regresses and then remains in an inactive 
stage until the next premenstrual phase. 

HYPERTROPHY OF PREGNANCY. Visible en- 
largement of the breast begins after the sec- 
ond month of pregnancy and is accompa- 
nied by an increased pigmentation and 
enlargement of the papilla, areola, and areo- 
lar glands. The duct system develops first, 
reaching its completion during the first six 
months; the acini and secreting portion fol- 
low during the last three months. The adi- 
pose tissue is almost completely replaced by 
parenchyma. 

The secretion from the mammary gland 
during the first two or three days after partu- 
rition is thin and yellowish and is called co- 
lostrum. The secretion of true milk begins on 
the third or fourth day and continues 
through the nursing period. 

INVOLUTION AFTER LACTATION. At the ter- 
mination of nursing, the gland gradually re- 
gresses by loss of the glandular tissue; the 
ducts and acini return to their former size 
and number, and the interstices are filled 
with adipose tissue. There is a slight de- 
crease in size of the breast as a whole and it 
tends to become more flabby and pendulous 
than the nulliparous breast. The pigmenta- 
tion of the nipple and the areola decreases 
but does not entirely disappear. 

MENOPAUSAL INVOLUTION. At the end of 
the childbearing period, the mammae re- 
gress and the glandular tissue reverts toward 
the infantile condition. The adipose tissue 
disappears more slowly, especially in obese 
individuals, but eventually a senile atrophy 
occurs that leaves the mamma a shriveled 
pendulous fold of skin. 

HORMONAL RELATIONSHIPS. The hypertro- 
phy of puberty and the cyclic engorgements 
accompanying menstruation are responses 
to variations in the concentration of the 
Ovarian sex hormones from the follicles and 
corpora lutea. The hypertrophy of preg- 
nancy occurs in response to an increase in 
the corpus luteum hormone. The presence of 
the ovary is necessary only during the first 
part of pregnancy; later, the hormones are 
supplied by the placenta. Lactation is a re- 
sponse to the lactogenic hormone of the hy- 
pophysis, but is influenced by the nervous 
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system through the stimulus of suckling. 
Suppression of the ovarian hormones after 
the menopause results in the involution. Fre- 
quently the mammary glands in the new- 
born of both sexes secrete a fluid called 
“witches milk,” under the influence of the 
hormones passed through the placenta from 
the maternal circulation. 


Structure 


The mamma consists of gland tissue, of 
fibrous tissue connecting its lobes, and of 
fatty tissue in the intervals between the 
lobes (Figs. 17-65; 17-66). The gland tissue, 
when freed from fibrous tissue and fat, is 
pale red, firm, flat, and thicker in the center 
than at the circumference. 

The subcutaneous surface of the mamma 
has numerous irregular processes that pro- 
ject toward the skin and are joined to it by 
bands of connective tissue. It consists of 
numerous lobes, and these are composed of 
lobules, connected together by areolar tis- 
sue, blood vessels, and ducts. The smallest 
lobules consist of a cluster of rounded alve- 
oli, which open into the smallest branches of 
the lactiferous ducts; these ducts unite to 
form larger ducts, and these end in a single 
canal, corresponding to one of the chief sub- 
divisions of the gland. The number of excre- 
tory ducts varies from 15 to 20; they are 
termed the lactiferous tubules. They con- 
verge toward the areola, beneath which they 
form dilatations or ampullae, which serve as 
reservoirs for the milk. At the base of the 
papillae they become contracted and pursue 
a straight course to its summit, perforating it 
by separate orifices considerably narrower 
than the ducts themselves. The ducts are 
composed of areolar tissue containing longi- 
tudinal and transverse elastic fibers; muscu- 
lar fibers are entirely absent. The ducts are 
lined by columnar epithelium resting on a 
basement membrane. 

The epithelium of the mamma differs ac- 
cording to the state of activity of the organ. 
In the gland of awoman who is not pregnant 
or suckling, the alveoli are very small and 
solid, being filled with a mass of granular 
polyhedral cells. During pregnancy the alve- 
oli enlarge, and the cells undergo rapid mul- 
tiplication. At the commencement of lacta- 
tion, the cells in the center of the alveolus 
undergo fatty degeneration, and are elimi- 
nated in the first milk as colostrum corpus- 
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Fig. 17-65. Dissection of the lateral aspect of the right mammary gland during the period of lactation. 


cles. The peripheral cells of the alveolus 
remain, and form a single layer of granular, 
short columnar cells with spherical nuclei, 
lining the basement membrane. The cells 
during the state of activity of the gland are 
capable of forming oil globules in their inte- 
rior, which are then ejected into the lumen 
of the alveolus and constitute the milk glob- 
ules. When the acini are distended by the 
accumulation of the secretion, the lining epi- 
thelium becomes flattened. 


The fibrous tissue invests the entire sur- 
face of the mamma. Bands of fibrous tissue 
traverse the gland and connect the overlying 
skin to the underlying deep layer of subcuta- 
neous fascia. These constitute the ligaments 
of Cooper. 

The fatty tissue covers the surface of the 
gland and occupies the interval between its 
lobes. It usually exists in considerable abun- 
dance and determines the form and size of 
the areola and papilla (Fig. 17-67). 


Fic. 17-66. Section of portion of breasté 
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VESSELS AND NERVES. The arteries supplying the 
mammae are derived from the thoracic branches of 
the axillary, the intercostal, and the internal thoracic 
arteries. The veins describe an anastomotic circle 
around the base of the papilla, called the circulus 
venosus. From this, large branches transmit the 
blood to the circumference of the gland and 
end in the axillary and internal thoracic veins. The 
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VARIATIONS. Independent of the physiologic vari- 
ations, conditions of underdeveloped breasts 
(hypomastia), hypertrophy, and inequality on the 
two sides are common. Variations in position, 
cranially or caudally, are not infrequent, as might be 
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Fic. 17-67. Sagittal section through lactating mammary gland. (Eycleshymer and Jones.) 
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expected from the method of embryologic develop- 
ment. Absence of the breast, amastia, is rare; an 
increase in the number of mammae, polymastia, is 
not rare. The supernumerary Mammae occur some- 
where along the milk line in most instances, but 
other locations have been reported. Not infrequently 
they secrete milk during normal periods of lactation. 
When only the nipples of the supernumerary 
mammae are present the condition is polythetia; 
the extra nipples occur along the milk line in the 
majority of cases and may be found in males, 
though less frequently than in females. 


Racial variations may be due to genetic influ- . 


ences, which cause discoidal, hemispherical, pear- 
shaped, or conical forms to predominate. On the 


other hand, various forms may be due to inten- 
tional practices such as suppressing development by 
tight brassiéres at adolescence or tremendously 
elongating the breasts by manipulation to make 
nursing convenient for an infant strapped on the 
back. 

Gynecomastia is a condition in which the 
mammae of a male are enlarged. In pseudogyneco- 
mastia, the increase is due to adipose tissue. In the 
true gynecomastia, to some extent the epithelial tis- 
sue, but especially the firmer connective tissue ele- 
ments are involved. A background of endocrine dys- 
function is probably involved in this disorder, but 
this is not clearly understood. 
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Mdocrime 


Glands 


Endocrine glands or ductless glands are 
grouped together because of their common 
characteristics of not having ducts and of 
discharging their specific secretions, called 
hormones, into the blood stream. 

Hormones are chemical messengers, and 
although they are carried by the blood to all 
parts of the body, only certain organs or 
types of cells are able to respond to their 
stimulation. The specific organ that does re- 
spond to a particular hormone is called its 
target organ. The body produces several hor- 
mones other than those secreted by the en- 
docrine glands described in this chapter, 
such as insulin, from the islands of Langer- 
hans’ in the pancreas; androgens and estro- 
gens, from the gonads; and secretin, from the 
mucous membrane of the gastrointestinal 
tract. The structures secreting these hor- 
mones are described in other chapters. 

The endocrine glands included in this 
chapter are the thyroid and parathyroid 
glands, the hypophysis or pituitary gland, 


'Paul Langerhans (1847-1888): A German anatomist and 
pathologist (Berlin and Freiburg). 
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the suprarenal glands, and the paraganglia. 
The pineal gland is discussed in Chapter 11, 
with the epithalamus. The thymus was once 
classified with the ductless glands but is now 
included in the lymphatic system. 


Thyroid Gland 


DEVELOPMENT 


The thyroid gland is developed from a 
median diverticulum of the ventral wall of 
the pharynx (Fig. 18-1) that appears about 
the fourth week on the summit of the tuber- 
culum impar, but later is found in the furrow 
immediately caudal to the tuberculum. It 
grows distalward and caudalward as a tubu- 
lar duct, which bifurcates and subsequently 
subdivides into a series of cellular cords, 
from which the isthmus and lateral lobes of 
the thyroid gland are developed. The con- 
nection of the median diverticulum with the 
pharynx is termed the thyroglossal duct; its 
continuity is subsequently interrupted and it 
degenerates, its cranial end being repre- 
sented by the foramen cecum of the tongue, 
and its caudal end, by the pyramidal lobe of 
the thyroid gland. 


ANATOMY 
The thyroid gland (Fig. 18-2) is a highly 


vascular organ situated at the front of the 
neck. It consists of right and left lobes con- 
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Ultimobranchial body 


Fig. 18-1. Scheme showing development of brachial 
epithelial bodies. 1, II, 111, 1V, Branchial pouches. (Modi- 
fied from Kohn.) 
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Fic. 18-2. Blood supply of the thyroid gland, viewed from in front. The thoracic duct and principal lymphatics are 


also shown. (Ecyleshymer and Jones.) 


nected across the midline by a narrow por- 
tion, the isthmus. Its weight is somewhat 
variable, but usually about 30 gm. It is 
slightly heavier in women and becomes en- 
larged during pregnancy. 

The lobes have a conical shape, the apex 
of each being directed cranialward and 
lateralward as far as the junction of the mid- 
dle with the caudal third of the thyroid carti- 
lage; the base looks caudalward and is on a 
level with the fifth or sixth tracheal ring. 
Each lobe is about 5 cm long; its greatest 
width is about 3 cm, and its thickness about 
2 cm. The lateral or superficial surface is 
convex and covered by the skin, the subcu- 
taneous and deep fasciae, the sternocleido- 
mastoid, the superior belly of the omohyoid, 
the sternohyoid, and the sternothyroid. 
Beneath the sternothyroid muscle, the vis- 


ceral layer of the deep fascia forms a capsule 
for the gland. The deep or medial surface is 
molded over the underlying structures: the 
trachea, the inferior pharyngeal constrictor 
and the posterior part of the cricothyroid 
muscle, the esophagus (particularly on the 
left side of the neck), the superior and infe- 
rior thyroid arteries, and the recurrent 
nerves. The ventral border is thin and in- 
clines obliquely from above downward to- 
ward the midline of the neck, while the dor- 
sal border is thick and overlaps the common 
carotid artery and, as a rule, the parathy- 
roids. 

The isthmus connects the lower thirds of 
the lobes. It measures about 1.25 cm in 
breadth and in depth, and usually covers the 
second and third rings of the trachea. Its sit- 
uation and size have many variations. In the 
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midline of the neck it is covered by the skin 
and fascia, and on either side, close to the 
midline, by the sternothyroid. Across its cra- 
nial border runs an anastomotic branch unit- 
ing the two superior thyroid arteries; at its 
caudal border are the inferior thyroid veins. 
Sometimes the isthmus is altogether wanting. 

A third conical lobe, called the pyramidal 
lobe, frequently arises from the cranial part 
of the isthmus or from the adjacent portions 
of either lobe (most commonly the left) and 
ascends as far as the hyoid bone. It is occa- 
sionally detached or may be divided into 
two or more parts. 

A fibrous or muscular band is sometimes 
found attached to the body of the hyoid 
bone and to the isthmus of the gland or its 
pyramidal lobe. When muscular, it is termed 
the levator glandulae thyroideae. 

Small detached portions of thyroid tissue 
are sometimes found in the vicinity of the 
lateral lobes or above the isthmus. They are 
called accessory thyroid glands. 


STRUCTURE 


The thyroid gland is invested by a thin 
capsule of connective tissue, which projects 
into its substance and imperfectly divides it 
into masses of irregular form and size. When 
the fresh organ is cut open, its interior ap- 
pears to be brownish-red and made up of 
closed vesicles containing colloid, which are 
separated from each other by intermediate 
connective tissue (Fig. 18-3). 

The thyroid follicles (acini, vesicles) of the 
adult are closed sacs of inconstant shape and 
size. They are normally of microscopic di- 
mensions, although macroscopically visible 
in colloid goiter. The follicles located pe- 
ripherally may be larger than those centrally 
placed. The cuboidal epithelium of the nor- 
mal thyroid rests directly on the delicate 
connective tissue surrounding the follicle. 
No basement membrane can be seen. The 
capillaries and lymphatics are thus in close 
contact with the secretory epithelium of the 
gland. The follicle normally is filled with 
colloid which contains the active principle 
of the gland, thyroxin. The thyroid epithe- 
lium may secrete this hormone directly into 
the colloid-filled lumen of the follicle where 
it is stored, or the hormone may be secreted 
directly into the capillaries. The stored col- 
loid may be absorbed and liberated into the 
capillaries. 





Fic. 18-3. Sectionof thyroid gland of a 21-year-old man. 
b.v., blood vessel; c., colloid; f., follicle; g.ep., glandular 
epithelium; s., connective tissue stroma. 120 x. (Sobotta.) 


FUNCTION. The hormone, thyroxin, requires io- 
dine for its elaboration, which is normally obtained 
in adequate amounts in the diet. Proper functioning 
of the thyroid gland and normal histologic structure 
depend upon the adequacy of available iodine. The 
thyroid itself is activated or regulated by another 
hormone, the thyrotropic hormone of the anterior 
pituitary gland. Removal of the thyroid results in a 
marked reduction of the oxidative processes of the 
body. This lowered metabolic rate is characteristic of 
hypothyroidism. In infancy and childhood, the thy- 
roid gland is essential to normal growth of the body. 

VESSELS AND NERVES. (Fig. 18-4). The arteries 
Supplying the thyroid gland are the superior and in- 
ferior thyroid arteries and sometimes an additional 
branch (thyroidea ima), from the brachiocephalic 
artery or the arch of the aorta, which ascends upon 
the front of the trachea. The arteries are remarkable 
for their large size and frequent anastomoses. The 
veins (Fig. 18-2) form a plexus on the surface of the 
gland and on the front of the trachea; from this 
plexus the superior, middle, and inferior thyroid 
veins arise; the Superior and middle veins end in the 
internal jugular vein; the inferior, in the brachioce- 
phalic vein. The capillary blood vessels form a dense 
plexus in the connective tissue around the vesicles, 
lying between the epithelium of the vesicles and the 
endothelium of the lymphatics, which surround a 
greater or smaller part of the circumference of the 
vesicle. The lymphatic vessels run in the interlobu- 
lar connective tissue, not uncommonly surrounding 
the arteries they accompany, and communicate with 
a network in the capsule of the gland; they may con- 
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Fic. 18-4. Posterior view of larynx, trachea, thyroid, and parathyroids. Relations of thyroid arteries and laryngeal 


nerves are shown. (Nordland, 1930.) 


tain colloid material. They end in the thoracic and 
right lymphatic trunks. The nerves are derived from 
the middle and inferior cervical ganglia of the sym- 
pathetic system. 


Parathyroid Glands 


DEVELOPMENT 


The parathyroid bodies are developed as 
outgrowths from the third and fourth bran- 
chial pouches (Fig. 18-1). 


ANATOMY 


The parathyroid glands (Fig. 18-4) are 
small brownish-red bodies, situated as arule 
between the dorsal borders of the lateral 
lobes of the thyroid gland and its capsule. 
They differ from the thyroid gland in struc- 


ture, being composed of masses of cells ar- 
ranged in a more or less columnar fashion 
with numerous intervening capillaries. They 
measure On an average about 6 mm long and 
3 to 4 mm wide, and usually have the ap- 
pearance of flattened oval discs. The para- 
thyroid glands are divided, according to 
their situation, into superior and inferior 
glands. The superior, usually numbering two, 
are the more constant in position, situated, 
one on either side at the level of the caudal 
border of the cricoid cartilage, beside the 
junction of the pharynx and esophagus. The 
inferior glands, also usually two, may be 
applied to the caudal edge of the lateral 
lobes; placed at some little distance caudal 
to the thyroid gland; or found in relation to 
one of the inferior thyroid veins. 

Four parathyroid glands are usually found 
in the human body; fewer than four were 
found in less than 1% of over a thousand per- 
sons (Pepere), but more than four (five or six) 
were found in over 33% of 122 bodies exam- 
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ined by Civalleri. In addition, numerous 
minute islands of parathyroid tissue may be 
found scattered in the connective tissue and 
fat of the neck around the parathyroid 
glands proper, quite distinct from them. 


STRUCTURE 


Microscopically the parathyroids consist 
of intercommunicating columns of cells 
(principal or chief cells) supported by con- 
nective tissue containing a rich supply of 
blood capillaries (Fig. 18-5). Most of the cells 
are clear, but some larger cells contain 
oxyphil granules (eosinophil cells). Vesicles 
containing colloid have been described as 
occurring in the parathyroid. 


FUNCTION. The parathyroids secrete a hormone, 
parathyrin or parathormone, necessary for calcium 
metabolism. The tetany that follows parathyroidec- 
tomy can be relieved by feeding or injecting calcium 
salts or parathyroid extracts. 


Hypophysis Cerebri or 
Pituitary Gland 


DEVELOPMENT 


The hypophysis has a dual origin that cor- 
responds to the two distinct parts of the 
adult gland. At an early embryonic stage, 
about the fourth week, when the neural tube 
and the primitive digestive tube are still in 
close proximity, outgrowths or diverticula 
from both tubes come in contact with each 
other to form the primordium of the hy- 
pophysis. The part from the neural tube is in 
the diencephalic floor of the hypothalamus, 
and is called the infundibular process. The 
part from the alimentary tube is from the 
portion of the future pharynx developed 
from ectoderm, the stomodaeum, and is 
known as Rathke’s pouch.? The infundibular 
process retains a connection with the hypo- 
thalamus as the stalk, preserves some resem- 
blance to neural tissue, and becomes the 
neural lobe. The cells of Rathke’s pouch 
adhere to the infundibular process and grow 


'Martin Heinrich Rathke (1793-1860): A German embry- 
ologist and anatomist (Danzig and Konigsberg). 





Eosinophil Principal 
cells cells 
Fic. 18-5. Section of a human parathyroid gland to 


show principal and eosinophil cells. 250 x . 


partly around it, forming the pars tuberalis 
(Fig. 18-6). The remainder of the pouch 
forms a double layered cup and the connec- 
tion with the pharynx gradually disappears. 
The rostral portion of the cup thickens 
greatly and becomes the glandular anterior 
lobe or pars distalis. The other layer of the 
cup remains adherent to the neural lobe, 
thickens but little, and develops into the 
pars intermedia. The cavity of the original 
diverticulum eventually disappears except 





Fic. 18-6. Model of hypophysis and adjacent brain wall 
from a thirty-day embryo, viewed from the left side. 
25 X.b.w., brain wall; p. t., pars tuberalis; st., stalk; ant. 
I., anterior lobe; n. |., neural lobe. (Atwell, Amer. J. Anat.; 
courtesy of Wistar Institute.) 


for the vestigial lumina in the form of one or 
more narrow vesicles of variable length in 
the pars intermedia. 


ANATOMY 


The hypophysis cerebri or pituitary gland 
is couched in the sella turcica or hypophy- 
seal fossa of the body of the sphenoid bone. 
It is attached to the hypothalamus by the 
stalk or infundibulum. After the brain has 
been removed from the cranial cavity, the 
cut end of the stalk is visible protruding 
through a hole in the diaphragma sellae. The 
latter is a shelf of dura mater stretching be- 
tween the clinoid processes and covering 
over the sella turcica. The two principal por- 
tions of the gland, the anterior and posterior 
lobes, are not easily distinguished in the 
whole gland, but are visible in a median sag- 
ittal section because of a difference in color. 

The hypophysis is a small gland, 1.2 to 
1.5 cm in its greatest diameter, which is from 
side to side; its rostrocaudal diameter is ap- 
proximately 1 cm, and its thickness is 0.5 cm. 
Its weight in an adult male is 0.5 to 0.6 gm, 
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but varies according to the stature rather 
than the weight of an individual. It is larger 
in women, and since a slight increase occurs 
during pregnancy, in a multipara it may 
weigh as much as 1 gm. 


RELATIONS. Many important structures lie in 
close proximity to the hypophysis (Fig. 18-7). The 
internal carotid artery emerges from the dural cover- 
ing of the cavernous sinus immediately lateral to it. 
The intercavernous and circular sinuses are enclosed 
in the diaphragma sellae above it. The optic nerves, 
chiasma, and optic tracts lie between it and the bulk 
of the brain. In skulls with large sphenoid sinuses, 
the hypophysis may be separated from this air space 
only by a thin plate of bone and the dural lining of 
the sella. The practical importance of these relations 
is emphasized in patients with tumors of the hy- 
pophysis. These tumors may compress the carotid 
arteries or the optic nerves, causing changes in the 
retina known as choked discs, which are visible with 
the ophthalmoscope. 


LOBES 


The hypophysis is divided into two parts 
on the basis of embryologic development, 
adult morphology, and function. The nam- 
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Fic. 18-7. A midsagittal section through the cerebrum showing the corpus callosum, anterior cerebral vessels, cere- 
bellum, brainstem and the hypophysis cerebri located within the sella turcica. 
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ing of these main parts and their subdivi- 
sions results in some overlapping, which is 
best shown in Table 18-1 and Figure 18-8. 


Anterior Lobe 


The anterior lobe or adenohypophysis is 
larger than the posterior lobe, occupying 
about three-fourths of the gland. It appears 
darker in a sagittal section because of its vas- 
cularity and the composition of glandular 
tissue. 

STRUCTURE. The anterior lobe or pars 
distalis is composed of cords of epithelial 
cells richly supplied with sinusoidal capil- 
laries. The epithelial cells are of two main 
types: those that are colored by various 
stains, the chromophils, and those that re- 
main pale or unstained, the chromophobes. 
The chromophils in turn are two kinds: 
those whose granules take up acid dyes, 
named acidophils, and those that take up 
basic dyes, the basophils. The basophils can 
again be subdivided into beta and delta 
types by their coloration with certain dyes. 
There is no definite pattern of distribution of 
the two chromophils, either in different 
parts of the gland or within individual cords. 
The chromophobes are smaller than the 
chromophils, less discrete, and tend to accu- 
mulate in the center of cords and clumps. 
The lack of mitotic division in the hypophy- 
sis and experimental observations indicate 
that the chromophils undergo cycles of se- 
cretory activity in which they discharge 
their specific granules and pass through a 
resting stage in the form of chromophobes. 


Posterior Lobe 


The posterior lobe or neurohypophysis 
has a pale color, corresponding to the over- 
lying brain with which it is continuous by 


means of the infundibulum and median emi- 
nence of the tuber cinereum. 

STRUCTURE. The specific cell is the pitui- 
cyte, which resembles neuroglia in shape 
due to its long processes. The outlines of the 
cells and their processes are distinguishable 
only in special preparations. They contain a 
variable number of granules and lipid glob- 
ules. The inclusions, blackened by osmic 
acid, correspond with the neurosecretion, 
which is stored by them but is produced by 
the nerve cells of the supraoptic and para- 
ventricular nuclei of the hypothalamus. 

The pars tuberalis is a layer of cuboidal 
cells covering the stalk and neighboring 
area. It is richly supplied with arterial blood. 

The pars intermedia is composed of a thin 
layer of epithelial cells between the neural 
lobe and the pars distalis. It encloses the 
remnants of the vestigial lumen of Rathke’s 
pouch, which appear as vesicles containing 
a “colloid” resembling that of the thyroid 
gland in histologic preparations but having 
no relation to it chemically. The lining cells 
also may be ciliated. 


VESSELS. The arteries to the hypophysis are the 
superior hypophyseal arteries, from the internal ca- 
rotid or posterior communicating arteries, and the 
inferior hypophyseal arteries, which are also 
branches of the internal carotid but traverse the cav- 
ernous sinus. The branches of the superior arteries 
supply the stalk and adjacent parts of the anterior 
lobe (Fig. 18-9). The branches of the inferior arteries 
supply the posterior lobe. The blood supply of the 
pars distalis is mainly through a portal system of 
veins. The blood from the capillaries of the pars tu- 
beralis and adjacent stalk collects into veins that 
pass along the stalk and break up into the numerous 
sinusoidal capillaries of the pars distalis. 

The veins of the hypophysis are the lateral hy- 
pophyseal veins, which drain into the cavernous and 
intercavernous sinuses. 





TaBLe 18-1. Major Divisions and Subdivisions of the Mammalian Hypo- 
physis 
Anterior lobe Pars distalis (Pars anterior) Adenohypophysis 
(lobus anterior) Pars tuberalis (glandular portion) 


Pars intermedia 
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(lobus posterior) 
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Pars nervosa (Neural lobe) 
(Infundibular process) 
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Fic. 18-8. Diagrammatic median sagittal section of the hypophysis cerebri or pituitary gland. (Atwell.) 





Fic. 18-9. Schematic drawing of the hypophysis of the adult rhesus monkey. or, arachnoid membrane; ba, basilar 
artery; bv, basilar vein; d, dura; di, sellar diaphragm; iho, inferior hypophyseal artery; /v, lateral hypophyseal veins; oc, 
optic chiasma; pc, posterior clinoid process; pv, portal venules; sos, subarachnoid space; sd, subdural space; sha, 
superior hypophyseal arteries (1, branches to hypophyseal stalk; 2, branches to anterior lobe); v, dural veins; vpi, veins 
of infundibular process. (Wislocki, Pituitary Gland, Williams & Wilkins, Baltimore, 1938.) 
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NERVES. The pars distalis has no specific innerva- 
tion. Fibers from the superior cervical ganglion of 
the sympathetic system have been traced along the 
blood vessels but have not been conclusively associ- 
ated with the glandular cells. 

The neurohypophysis is supplied by fibers from 
the supraoptic and paraventricular nuclei of the hy- 
pothalamus. Similar osmiophilic meurosecretory 
granules are found in the cells of these nuclei and in 
their processes, which extend down to the posterior 
lobe in the hypothalamico-hypophyseal system in 
the infundibulum. Experimental evidence indicates 
that the hormones extracted from the neurohypoph- 
ysis Originate from these neurosecretions and are 
stored in the gland. 

FUNCTION. The hypophysis supplies several hor- 
mones. Among those of the anterior lobe are a 
growth hormone, somatotropin, which affects gen- 
eral body growth; a thyrotropic hormone, which acts 
on the thyroid gland; an adrenocorticotropic hor- 
mone (ACTH), which acts on the suprarenal cortex; 
two gonadotropic hormones, one that stimulates 
ovarian follicles (FSH) and another that stimulates 
the lutein cells (LH); and pro/actin, which promotes 
milk secretion by the mammary gland. Attempts to 
associate the specific types of cells with the elabora- 
tion of these hormones have been partly successful. 
The growth hormone is produced by acidophils. 
Tumors of the gland composed of acidophils are 
found in patients with tremendous overgrowth of 
various parts of the body in a condition called acro- 
megaly, and the absence of acidophils is notable in 
pituitary dwarfs. Acidophils also appear to be re- 
sponsible for prolactin. Experimental evidence 
points to the basophils as the source of the follicle- 
stimulating, thyroid-stimulating, and luteinizing hor- 
mones. The source of adrenotropic hormone is con- 
troversial but may be a specific cell developed from 
chromophobes. 

From the neurohypophysis, two hormones have 
been extracted: oxytocin (Pituitrin), which stimulates 
the contraction of smooth muscle and is sometimes 
used in obstetric practice to make the uterus con- 
tract; and the antidiuretic principle or vasopressin, 
which inhibits diuresis by the kidneys and also raises 
the blood pressure. As mentioned previously, it is 
doubtful that the neural lobe elaborates these hor- 
mones. A lack of the antidiuretic principle in patients 
produces a condition called diabetes insipidus. 


Suprarenal or Adrenal Gland 


The suprarenal gland (adrenal gland) in 
man and other mammals is a combination of 
two distinct glands that remain independent 
in fishes and other more primitive verte- 
brates. The two organs in the human gland 


are fused together but remain distinct and 
identifiable as the cortex and medulla of the 
adult gland. 


DEVELOPMENT 


The cortex of the suprarenal gland is first 
recognizable in an embryo of the sixth week 
as a groove in the coelom at the base of the 
mesentery near the cranial end of the meso- 
nephros. The cells at the bottom of the 
groove proliferate rapidly to form a mass in 
the mesenchyme extending toward the aorta. 
During the seventh and eighth weeks the 
cells become arranged into cords with dila- 
ted blood spaces between; the connection 
with the coelomic mesothelium is lost, and a 
capsule of connective tissue encloses the 
gland. During the remainder of fetal devel- 
opment the cortical tissue is composed of 
two zones: an outer zone of more undifferen- 
tiated cells and an inner zone of cell cords 
that appear to be differentiated and active in 
secretion. After birth the inner zone atro- 
phies and the outer zone differentiates into 
the three zones of the adult gland. 

The medulla of the suprarenal gland is 
developed from cells of the neural crest, 
which migrate ventrally along with the cells 
that form the sympathetic ganglia. These 
cells later detach themselves from the gan- 
glia and become small knots of glandular 
cells scattered along the vertebral column. 
During the seventh and eighth weeks, a large 
group of the neural cells, migrating along the 
suprarenal vein, invades the cortex, thus es- 
tablishing the primordium of the suprarenal 
medulla. These glandular cells of sympa- 
thetic origin contain a substance, probably 
the precursor of the secretion, epinephrine, 
which is colored brown by chromic acid. 
This has given them their name of chromaf- 
fin or pheochrome cells. Many of the small 
masses of chromaffin cells persist through- 
out life and are given the name paraganglia. 


ANATOMY 


The suprarenal gland, as the name sug- 
gests, is located at the cranial pole of each of 
the two kidneys. They are quite different in 
shape on the two sides (Figs. 18-10; 18-11). 
The right gland resembles a pyramid, or the 
cocked hat of colonial days; the left is semi- 
lunar and tends to be slightly larger. The 
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Fig. 18-10. Suprarenal glands, ventral view. 


length and width vary from 3 to 5 cm and the 
thickness 4 to 6 mm. The average weight is 
3.9 to 5 gm. 


RELATIONS. The right suprarenal is situated dor- 
sal to the inferior vena cava and right lobe of the 
liver, and ventral to the diaphragm and cranial end 
of the right kidney. The ventra/ surface has two 
areas: a medial, narrow, and nonperitoneal surface, 
which lies cranial to the inferior vena cava; and a 
lateral, somewhat triangular, surface in contact with 
the liver. The cranial part of the latter surface is de- 
void of peritoneum, and is in relation with the bare 
area of the liver near its caudal and medial angle, 
while its caudal portion is covered by peritoneum, 
reflected onto it from the inferior layer of the coro- 
nary ligament; occasionally the duodenum overlaps 
the inferior portion. A little below the apex and near 
the ventral border of the gland is a short furrow 
termed the hilum, from which the suprarenal vein 
emerges to join the inferior vena cava. The posterior 
surface is divided into cranial and caudal parts by a 
curved ridge: the cranial, slightly convex, rests upon 
the diaphragm; the caudal, concave, is in contact 
with the cranial end and the adjacent part of the 
ventral surface of the kidney. 

The left suprarenal has a crescentic shape, its 


Diaphrag- 
matic area 


Renal area 





RIGHT 


concavity being adapted to the medial border of the 
Cranial part of the left kidney. Its ventra/ surface has 
two areas: a Cranial one, covered by the peritoneum 
of the omental bursa, which separates it from the 
cardiac end of the stomach and sometimes from the 
cranial extremity of the spleen; and a caudal one, 
which ts in contact with the pancreas and splenic 
artery and therefore is not covered by the perito- 
neum. On the ventral surface, near its caudal end, is 
a furrow or hilum, from which the suprarenal vein 
emerges. Its posterior surface has a vertical ridge, 
which divides it into two areas; the lateral area rests 
on the kidney, and the medial and smaller area rests 
on the left crus of the diaphragm. 

The surface of the suprarenal gland is surrounded 
by areolar tissue containing much fat. It is closely 
invested by a thin fibrous capsule, which is difficult 
to remove because of the numerous fibrous proc- 
esses and vessels entering the organ through the 
furrows on its ventral surface and base. 


ACCESSORY GLANDS 


Accessory suprarenals occur frequently 
in the connective tissue near the main gland, 
but they may occur near the testis or the 
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Fic. 18-11. Suprarenal glands, dorsal view. 
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ovary, where small groups of embryonic 
cells might have migrated with the meso- 
nephros, especially in certain hermaphro- 
ditic conditions. They are usually small 
round bodies composed of cortical cells. 
Larger ones may have the cortical zones rep- 
resented and rarely contain central medul- 
lary tissue. 


STRUCTURE 


The suprarenal gland consists of two por- 
tions, an outer cortex that takes up the 
greater part of the organ and an inner me- 
dulla (Fig. 18-12). In the fresh condition the 
outer cortex is a deep yellow, the inner part 
a dark red or brown, and the medulla a pale 
pink. At the transition between the cortex 
and medulla, there is no connective tissue 
barrier, and the cords of the two types of 
cells are intermingled for a short distance. 

The cortical portion consists of a fine con- 
nective-tissue network, in which is embed- 
ded the glandular epithelium. The epithelial 
cells are polyhedral and possess rounded 
nuclei; many of the cells contain coarse 
granules, and others have lipoid globules. 
Owing to differences in the arrangement of 
the cells, three distinct zones can be made 
out: (1) The zona glomerulosa, situated be- 
neath the capsule, consists of cells arranged 
in rounded groups, with indications here 
and there of an alveolar structure; the cells 
of this zone are highly granular and stain 
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Zones 
of fasciculata 


cortex 


reticularis: 
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deeply. (2) The zona fasciculata, continuous 
with the zona glomerulosa, is composed of 
columns of cells arranged in a radial man- 
ner; these cells contain finer granules and in 
many instances globules of lipoid material. 
(3) The zona reticularis, in contact with the 
medulla, consists of cylindrical masses of 
cells irregularly arranged; these cells often 
contain pigment granules, which give this 
zone a darker appearance than the rest of the 
cortex (Fig. 18-13). 

The medullary portion is highly vascular 
and consists of large chromaffin cells ar- 
ranged in a network. The irregular polyhe- 
dral cells have a finely granular cytoplasm 
that is probably concerned with the secre- 
tion of epinephrine. In the meshes of the cel- 
lular network are large anastomosing venous 
sinuses (sinusoids), which are in close rela- 
tionship with the chromaffin or medullary 
cells. In many places the endothelial lining 
of the blood sinuses is in direct contact with 
the medullary cells. Some authors believe 
the endothelium is absent in places and here 
the medullary cells are directly bathed by 
the blood. This intimate relationship be- 
tween the chromaffin cells and the blood 
stream undoubtedly facilitates the discharge 
of the internal secretion into the blood. 
There is a loose meshwork of supporting 
connective tissue containing nonstriped 
muscle fibers. This portion of the gland is 
richly supplied with nonmedullated nerve 
fibers, and here and there sympathetic gan- 
glia are found. 
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Fic. 18-12. Section through suprarenal gland of adult cadaver. Lightly stained with hematoxylin. 5 x. 
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Fic. 18-13. Section of human suprarenal gland. b.v., 
central vein; cort., cortex; fasc., zona fasciculata; glom., 
zona glomerulosa; ret., zona reticularis; med., medulla; 
g.c., ganglion cell; n., nerve fibers. 100 x. (Redrawn from 
Sobotta.) 


VESSELS AND NERVES. The suprarenals are highly 
vascular organs. The arteries are numerous and 
comparatively large. These arteries are derived from 
the aorta and the inferior phrenic and the renal ar- 
teries. Three sets of branches penetrate the capsule, 
one of which breaks up in capillaries that supply the 
capsule. The second set breaks up into capillaries 
that supply the cell cords of the cortex and empty 
into veins in the medulla. The third set of arteries 
traverses the cortex to supply the medulla only and 
breaks up into the sinusoids of the medulla. Venous 
blood from the capsule is collected into veins of the 
capsule. Blood from the two other sets of arteries is 
gathered into the central vein in the medulla, which 
emerges at the hilum as the suprarenal vein. On the 
right side this vein opens into the inferior vena cava; 
on the left, into the left renal vein. 

Lymphatics accompany the large blood vessels 
and end in the lumbar nodes. 

The nerves are numerous and are derived from 
the celiac and renal plexuses. They enter the lower 
and medial part of the capsule, traverse the cortex, 
and end around the cells of the medulla. They have 
numerous small ganglia in the medullary portion of 
the gland. 

FUNCTION. The adrenal medulla elaborates an 
internal secretion, epinephrine (Adrenalin), which 
has definite sympathomimetic actions such as caus- 
ing constriction of arterioles, acceleration of the 
heart rate, and contraction of the radial muscle of 
the iris. In man an injection of the drug epinephrine 
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hydrochloride increases systolic blood pressure, 
pulse rate, minute volume of the heart, and volume 
of respiration. These effects are transitory and disap- 
pear after one or two hours. A rise in blood sugar 
and basal metabolic rate follows injection of this 
drug due to an increased enzymatic breakdown of 
glycogen in liver and muscle. The duration of epi- 
nephrine action is brief, the hormone being rapidly 
inactivated in the body. 

The adrenal cortex elaborates one or more hor- 
mones essential to maintenance of life. Various frac- 
tlons serve in the maintenance of physiologic 
‘steady states,’ the regulation of the distribution of 
water and electrolytes, and many aspects of carbohy- 
drate metabolism and muscular efficiency. 


Paraganglia, Glomera, and 


‘'Glands”’ or ‘‘Bodies”’ 


The various structures that have been 
given these names are for the most part 
small, difficult to demonstrate, and fre- 
quently misnamed. The following is an at- 
tempt to sort them out and give their appro- 
priate names and synonyms. 


PARAGANGLIA 


The paraganglia (chromaffin bodies; 
pheochrome bodies) are small groups of 
chromaffin cells connected with the ganglia 
of the sympathetic trunk and the ganglia of 
the celiac, renal, suprarenal, aortic, and hy- 
pogastric plexuses. They are sometimes 
found in connection with the ganglia of 
other sympathetic plexuses. 


AORTIC BODIES OR LUMBAR PARAGANGLIA 


The aortic glands or bodies (corpora 
para-aortica, glands or organs of Zucker- 
kandl') are the largest of these groups of 
chromaffin cells, about 1 cm long in the new- 
born. They lie one on either side of the aorta 
in the region of the inferior mesenteric ar- 
tery. They decrease in size with age and 
after puberty are only visible with the micro- 
scope. Other groups of chromaffin cells have 
been found associated with the sympathetic 
plexuses of the abdomen independently of 
the ganglia. 


1Emil Zuckerkand! (1849-1910): An Austrian anatomist 
(Graz and Vienna). 
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GLOMUS COCCYGEUM 


The glomus coccygeum (coccygeal gland 
or body; Luschka’s gland?) is placed ventral 
to, or immediately distal to, the tip of the 
coccyx. It is about 2.5 mm in diameter 
and is irregularly oval in shape; several 
smaller nodules are found around or near 
the main mass. 

It consists of irregular masses of round or 
polyhedral cells, with each mass grouped 


“Hubert von L. Luschka (1820-1875): A German anato- 
mist (Tubingen). 


around a dilated sinusoidal capillary vessel. 
Fach cell contains a large round or oval nu- 
cleus, the protoplasm surrounding which is 
clear and not stained by chromic salts. It is 
not a chromaffin paraganglion, and since its 
structure is not like that of the chemorecep- 
tors (carotid bodies), its function is un- 
known. 

The glomus caroticum or carotid body is 
not a paraganglion but a chemoreceptor. 

The glomus aorticum is better named the 
cardioaortic body or glomus aorticum supra- 
cardiale. It is a chemoreceptor similar to the 
carotid body. 
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A band(s), 593-594, 595, 596, 597 
Abdomen, 1448-1450, 1450, 1451, 
1452 
apertures of, 1449 
arteries of, 728-748 
boundaries of, 1448-1449 
disposition of viscera in, 1449- 
1450, 1450, 1451, 1452 
lymphatic vessels and nodes of, 
892, 896-912, 909, 910 
muscles and fasciae of, 483-498 
development of, 430 
planes of, 88, 91 
quadrants of, 88 
regions of, 88, 91 
surface and topographical anat- 
omy of, 85-96, 86, 87, 89, 90, 
92, 93, 94, 95 
veins of, 834-839 
visceral afferent fibers from, 1246- 
1247 
Abdominal aorta, 731-733, 732 
position of, 1450, 1452 
surface projection of, 95-96, 95, 97 
Abdominal aortic plexus, 1252, 1266, 
1267, 1271 
Abdominal inguinal ring, 88, 97, 496, 
497 
Abducent nerve (VI), 1150, 1152t, 
1157, 1170, 1170, 1183 
development of, 944, 957 
Abduction, 3, 4, 336 
Abductor digiti minimi, of foot, 585, 
986-587 
of hand, 551, 552-553, 553 
Abductor hallucis, 585, 586 
Abductor indicis, 554 
Abductor ossis metatarsi quinti, 587 
Abductor pollicis brevis, 550, 551, 553 
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Abductor pollicis longus, 530, 534, 
539-540, 539 
Abscess(es) of hands, spread of, 549- 
9900 
Accelerator urinae, 503, 508, 509 
Accessory basal amygdaloid nu- 
cleus, 1055 
Accessory cephalic vein, 822, 822 
Accessory cystic artery, 738 
Accessory hemiazygos vein, 828 
development of, 791 
Accessory left gastric artery, 734 
Accessory meningeal artery, 680 
Accessory nerve (XI), 1150, 1153t, 
1181, 1182, 1183, 1189, 1200 
development of, 956, 956, 957 
roots of, 963, 978, 979 
surface markings for, 78, 79, 80 
Accessory obturator nerve, 1226, 1231 
Accessory olivary nucleus, dorsal, 
943, 979 
medial, 943, 979 
Accessory phrenic nerve, 1207 
Accessory process(es), 137, 138 
Accessory pudendal artery, 756 
Accessory renal artery(-ies), 746 
Accessory saphenous vein, 846, 846 
Accessory sinus(es) of nose. See 
Paranasal sinus(es) 
Accessory vertebral vein, 820 
Accompanying vein of hypoglossal 
nerve, 818-819, 819 
Acetabular branch of medial femo- 
ral circumflex artery, 767 
Acetabular branch of obturator ar- 
tery, 753 
Acetabular fossa, 266, 269 
Acetabular labrum, 393-394, 394 
Acetabular ligament, transverse, 
393, 393, 394, 394 
Acetabular notch, 264, 266, 269 
Acetabulum, 264, 266, 269 
lunate surface of, 262, 266, 267, 269 
sex differences in, 273, 274 
Acetylcholine, 436 
Acetylcholine receptor(s), 436 
Achilles’ tendon, 110, 111, 112, 576, 
977, 582 
mucopolysaccharides, in 
ground substance, 308 
Acidophil(s), 1602 
Acoustic meatus, external, 73, 160- 
161, 160, 201, 1317-1319, 1318 
development of, 1313 
internal, 171, 173, 195, 199 
Acoustic nerve. See Vestibulococh- 
lear nerve 
Acrocentric chromosome, 15, 16 
Acromegaly, 1604 
Acromial angle, 231, 231 
Acromial branch of suprascapular 
artery, 704 
Acromial branch of thoracoacromial 
artery, 695, 712, 714 
Acromial bursa, subcutaneous, 374 
Acromial rete, 712 
Acromioclavicular joint, 103, 368- 
370, 368, 369, 372 


Acid 


Acromioclavicular ligament, 369, 369 

Acromion, 81, 87, 99, 101, 230-231, 
230, 231 

Acrosomal cap, 21, 22, 23, 23 

Acrosomal vesicle, 21-23 

Acrosome, 21, 23 

Actin myofilament(s), 594-595, 596, 
597 

Actomyosin complex, 595 

Adamkiewicz, artery of, 969 

Adam’s apple, 74, 76, 1366, 1374 

Adduction, 3, 4, 336 

Adductor brevis, 108, 564, 565 

Adductor canal, 109, 110, 763 

Adductor hallucis, 588, 589 

Adductor longus, 108, 109, 561, 564, 
565 

Adductor magnus, 108, 109, 561, 565, 
565 

Adductor minimus, 565 

Adductor pollicis, 551-552, 551, 552, 
553 

Adductor tubercle, 107, 278, 279, 280 

Adductor-interosseous compart- 
ment, 547-548, 547 

Adenohypophysis, 1602, 1602t, 1603 

function of, 1604 

Adenoids, 1442 

Adipose tissue, 311, 311 

Adminiculum lineae albae, 494 

Adrenal gland(s). See Suprarenal 
gland(s) 

Adrenalin, 1607 

Adrenocorticotropic hormone, 1604 

Afterbirth, 60-61 

Agger nasi, 216 

Ala cinerea, 987, 988 

Ala(e) nasi, 1358 

Alar branch of superior labial ar- 
tery, 674 

Alar cartilage(s), 162, 1359, 1359, 1360 

Alar fascia, 453, 456 

Alar lamina, 936, 936, 937 

Alar ligament(s), 343, 343, 344 

Alar plate, 936, 936, 937 

Alcock, pudendal canal of, 501, 504, 


905 

Alimentary canal. See Digestive 
tube 

Alimentary system. See Digestive 
system 


Alimentary tract. See Digestive tube 
Allantoic vein(s), 58 
Allantois, 39, 54, 55, 57, 58 
Allocortex, 1076 
Alpha cell(s), 1506 
Alpha efferent(s), 592 
Alvear path, 1065 
Alveolar arch, of mandible, 180, 181 
of maxilla, 216, 217 
Alveolar artery, inferior, 678-679, 679 
superior, posterior, 681 
Alveolar branch(es) of infraorbital 
artery, anterior superior, 679, 
681 
Alveolar branch(es) of maxillary 
nerve, 1162, 1165 
Alveolar canal(s), 213, 214, 216 
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Alveolar duct(s), 1396, 1396, 1397 
Alveolar nerve, inferior. See Inferior 
alveolar nerve 
Alveolar point, 216 
Alveolar process of maxilla, 162, 
213, 216 
Alveolar sac(s), 1396, 1397, 1397 
Alveolar vein(s), inferior, 804 
superior, posterior, 804 
Alveolus(-i), dental, formation of, 
1424 
pulmonary, 1396, 1397, 1397 
Alveus, 1064, 1065, 1066, 1066, 1067, 
1068 
Amacrine Cell(s), 1299, 1299 
Amastia, 1586 
Ameloblast(s), 1421, 1422 
Amitosis, 12 
Ammon’s horn. See Cornu ammonis 
Amnioblast(s), 56 
Amnion, 31, 32, 33, 33, 55, 56, 57 
expulsion of, 60-61 
Amniotic cavity, 32, 33, 33, 54, 55, 56, 
a7 
Amniotic fluid, 56 


Amphiarthrosis(-es). See Joint(s), 
cartilaginous 
Amygdalofugal tract, dorsal, 1057- 
1058, 1057 
ventral, 1057, 1058, 1058 
Amygdaloid area, anterior, 1055, 


1058 
Amygdaloid body, 1054, 1055-1058, 
1056, 1057, 1058 
Amygdaloid nucleus(-i), afferent 
fiber connections of, 1055- 
1057 
basal, 1054, 1055 
accessory, 1055 
central, 1054, 1055 
cortical, 1054, 1055 
efferent fiber connections of, 
1057-1058, 1057, 1058 
functions of, 1058 
lateral, 1054, 1055 
medial, 1054, 1055 
Anal canal, 1483, 1484, 1485, 1485 
development of, 1410, 1410 
lymphatics of, 899-901 
palpation of, 98, 99 
structure of, 1487, 1488 
Anal column(s), 1485, 1485, 1488 
Anal gland(s), 1487, 1488 
Anal membrane, 1410 
Anal sinus(es), 1485, 1485 
Anal sphincter. See External anal 
sphincter; Internal anal 
sphincter 
Anal triangle, 502 
Anal valve(s), 1485 
Anaphase, 12, 13, 14 
Anastomosis(-es), of arteries, 648- 
649 
of veins, 797 
Anastomotic branch of inferior glu- 
teal artery, 758 
Anuastomotic nerve, peroneal, 1241 
Anastomotic vein, inferior, 806 
superior, 806 


Anatomical snuff-box, 540 
Anatomy, 1-2 
applied, 6 
comparative, 2 
cross-sectional, 6 
developmental, 2, 34-64 
Bross, 2 
microscopic, 2 
regional, 6 
surface and topographical, 6, 69- 
Ty 
systemic, 5-6 
Anconeus, 536, 538 
Anesthesia, spinal, 80, 1131 
Angioblast(s), 41 
Angiology, 5, 606 
Angular artery, 672, 674, 679 
Angular branch of middle cerebral 
artery, 1115, 1118, 1118, 1119 
Angular gyrus, 1037, 1038, 1041, 1041 
Angular incisure, 1464, 1464 
Angular vein, 801, 802, 804 
Anisotropic (A) band(s), 593-594, 
595, 596, 597 
Ankle joint, 409-413, 410, 411, 412, 
414 
anastomosis around, 775 
articular capsule of, 409-410 
fascia of, 581-584 
ligaments of, 409-412, 410, 411, 
412 
movements of, 412-413 
muscles acting on, 413, 581 
palpation of, 110 
roentgenogram of, 291 
sprained, 413 
structures surrounding, 412, 414 
synovial tendon sheaths of, 583, 
584 
Annular ligament of base of stapes, 
I322 
Annular ligament of radius, 377, 378, 
379, 380, 380 
Annular plexus of cornea, 1296 
Anococcygeal body, 96, 1485 
Anococcygeal nerve(s), 1245 
Anococcygeal raphe, 498-499 
Anorchism, 1554 
Ansa cervicalis (ansa hypoglossi), 
1181, 1190, 1191, 1200, 1202- 
1203 
Ansa lenticularis, 1029, 1074, 1075 
Ansa subclavia, 1256, 1258, 1259 
Anserine bursa, 406, 563 
Antagonist (muscle), 437 
Antebrachial artery, superficial, 716 
Antebrachial cutaneous nerve, lat- 
eral, 1210, 1211, 1212, 1212 
medial, 1205, 1208, 1210-1212, 
1210, 1211, 1212, 1214 
posterior, 1210, 1211, 1212, 1220 
Antebrachial fascia(e), 529-530, 530 
Antebrachial vein, median, 822, 822 
Antecubital fossa, 104 
Anterior amygdaloid area, 1055, 1058 
Anterior ascending ramus of lateral 
sulcus, 1037, 1037, 1038 
Anterior atlantoaxial ligament, 344, 
345 


Anterior atlanto-occipital 
brane, 341, 342 
Anterior auricular branch(es) of au- 

riculotemporal nerve, 1167 
Anterior auricular branch(es) of 
superficial temporal artery, 
677 
Anterior auricular lymph node(s), 
880, 881, 883 
Anterior auricular lymphatic ves- 
sel(s), 880-881 
Anterior auricular vein, 801, 803 
Anterior axillary fold, 81 
Anterior axillary line, 82 
Anterior axillary lymph node(s), 889, 
891 
Anterior basal segmental artery, of 
left lung, 660, 662 
of right lung, 660, 660 
Anterior basal vein, 796-797 
Anterior bronchial branch(es) of 
vagus nerve, 1187-1188 
Anterior canaliculus of chorda tym- 
pani, 197 
Anterior cardiac vein(s), 799 
Anterior cardinal vein(s), 788-790, 
789, 791, 792, 794 
Anterior cecal branch of ileocolic 
artery, 742, 742 
Anterior cerebral artery, 688-690, 
689, 690, 692, 693, 1110, 1116, 
1119-1121, 1119, 1121 
development of, 1111 
Anterior cerebral vein, 807 
Anterior cervical cutaneous nerve, 
80, 1201-1202, 1201 
Anterior cervical intertransverse 
muscle(s), 473 
Anterior cervical lymph node(s), 886 
Anterior chamber, 1291, 1294, 1300 
development of, 1290 
Anterior choroidal artery, 692-693, 
1110, 1111, 1114 
Anterior ciliary artery(-ies), 688 
Anterior clinoid process, 171, 172, 
203, 204, 206 
Anterior commissure, 
1059, 1060-1061 
development of, 953, 954 
Anterior communicating artery, 689, 
690, 693, 1110, 1119, 1120 
Anterior coronary plexus, 1252, 1270 
Anterior corticospinal tract, 979 
Anterior cranial fossa, 170-171, 171 
fractures of, 179 
Anterior cruciate ligament of knee, 
400, 401, 401, 402, 403, 404 
Anterior crural intermuscular sep- 
tum, 573 
Anterior crural nerve. See Femoral 
nerve 
Anterior cuneolingual gyrus, 1047 
Anterior cutaneous cervical nerve, 
80, 1201-1202, 1201 
Anterior cutaneous nerve(s) of tho- 
rax, 1223, 1223 
Anterior deep temporal nerve, 1167 
Anterior diaphragmatic lymph 
node(s), 894 


mem- 


1052, 1057, 


Anterior dorsal nucleus, 1019, 1021 

Anterior epiploic artery(-ies), 734 

Anterior ethmoidal artery, 686, 687 

Anterior ethmoidal branch({es) of 
nasociliary nerve, 1161 

Anterior ethmoidal canal, 194, 209, 
209 

Anterior ethmoidal foramen, 165, 
166, 170, 171 


Anterior ethmoidal nerve, 1157, 
1158, 1161 

Anterior external arcuate fiber(s), 
976, 979 


Anterior external vertebral venous 
plexus(es), 830, 830, 831 
Anterior fontanelle, 71, 177, 177, 178 
Anterior funiculus (ventral f.), 963, 

963 
development of, 937, 937 
Anterior gluteal line, 263, 264, 266 
Anterior horizontal ramus of lateral 
sulcus, 1037, 1037, 1038 
Anterior horn of lateral ventricle, 
1103, 1104, 1105, 1105, 1107 
Anterior humeral circumflex artery, 
712, 713, 714-715, 714 


Anterior hypothalamic nucleus, 
1031, 1032 

Anterior ileocolic lymph _node(s), 
912 


Anterior inferior cerebellar artery, 
689, 693, 700-701, 700, 1007, 
1008, 1010 

Anterior inferior iliac spine, 264, 
265-267, 266 

Anterior inferior pancreaticoduo- 
denal vein, 839 

Anterior intercavernous sinus, 812, 
813 

Anterior intercondylar area of tibia, 
284, 286 

Anterior intercostal artery(-ies), 85, 
707, 708 © 

Anterior intercostal vein(s), 85, 826 

Anterior internal vertebral venous 
plexus(es), 830, 830, 831 

Anterior interosseous artery, 721, 
Taey 720 

Anterior interosseous cleft, 529-530 

Anterior interosseous ligament of 
tarsus, 413, 414 

Anterior interosseous nerve, 1215 

Anterior interventricular sulcus, 625, 


627 
Anterior jugular communicating 
vein, 87 


Anterior jugular vein, 817, 817 

Anterior labial commissure, 1580, 
1580 

Anterior lacrimal crest, 216 

Anterior lateral malleolar artery, 
774-775, 776 

Anterior lateral sulcus, 976-977 

Anterior ligament of auricula, 1317 

Anterior ligament of head of fibula, 
408 

Anterior ligament of malleus, 1320, 
1326 

Anterior ligament of uterus, 1576 


Anterior longitudinal ligament, 341, 
344, 346, 347, 350 
Anterior malleolar fold, 1321, 1321 
Anterior medial malleolar artery, 
774, 774 
Anterior medial nucleus, 1019, 1021 
Anterior median fissure, of medulla 
oblongata, 976, 978 
of spinal cord, 961-962, 961, 962, 
963 
Anterior median longitudinal artery 
of spinal cord. See Anterior 
spinal artery 
Anterior median spinal vein, 832, 
972, 974, 975 
Anterior mediastinal lymph node(s), 
892, 894 
Anterior medullary artery, great, 969 
Anterior medullary feeder artery 
(-ies), 966, 969-970 
Anterior medullary vein(s), 973, 974- 
975 
great, 975 
Anterior meningeal branch of inter- 
nal carotid artery, 685 
Anterior meniscofemoral ligament, 
403 
Anterior middle cerebral artery, 1120 
Anterior nasal spine, 162, 214, 215, 
218 
Anterior neuropore, 36, 39 
Anterior oblique carpometacarpal 
ligament of thumb, 387 
Anterior obturator tubercle, 270 
Anterior olfactory nucleus, 1051, 
1052 
Anterior orbital gyrus, 1048, 1048 
Anterior palatine nerve, 1164, 1168 
Anterior papillary muscle, of left 
ventricle, 631, 634 
of right ventricle, 629, 633 
Anterior paraventricular nucleus of 
thalamus, 1021 
Anterior parietal artery, 1115, 1118, 
1118 
Anterior parolfactory sulcus, 1046, 
1046 
Anterior perforated substance, 1053, 
1053 
Anterior position, 2, 3 
Anterior pulmonary branch(es) of 
vagus nerve, 1187-1188 
Anterior pulmonary plexus, 1188, 
1204 
Anterior radicular vein(s), 972, 976 
Anterior recess of Trdltsch, 1327 
Anterior root(s). See Ventral root(s) 
Anterior segmental artery, of left 
lung, 660, 661 
of right lung, 659, 660 
Anterior segmental vein(s), 795, 796 
Anterior semicircular canal, 1328, 
1329-1330, 1329, 1330 
Anterior semicircular duct, 
1334, 1332, 1333 
Anterior spinal artery, 689, 693, 699, 
699, 700, 964-967, 965, 966 
intramedullary branches from, 
970-971 


1332- 
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Anterior spinocerebellar tract, 979 

Anterior sternoclavicular ligament, 
366-367, 367 

Anterior superior alveolar branch(es) 
of infraorbital artery, 679, 
681 

Anterior superior alveolar branch of 
maxillary nerve, 1162, 1165 

Anterior superior dental branch of 
maxillary nerve, 1162, 1165 

Anterior superior iliac spine, 87, 88, 
107, 107, 264, 264, 265, 266 

Anterior superior pancreaticoduo- 
denal vein, 838-839, 838 

Anterior supraclavicular nerve(s), 
1201, 1202 

Anterior talocalcaneal ligament, 413, 
414 

Anterior talofibular ligament, 410, 
410, 411 

Anterior temporal artery, 691, 1114, 
His, 1116, 1117 

Anterior temporal branch of lateral 
occipital artery, 1113, 1116 

Anterior temporal branch of poste- 
rior cerebral artery, 690, 702 

Anterior temporal diploic vein, 814, 
814 

Anterior thalamic radiation, 1099 

Anterior thalamic tubercle, 1018, 
1019 

Anterior tibial artery, 111, 112, 771, 
773, 774, 776, 778 

Anterior tibial lymph node, 915-916 

Anterior tibial lymphatic vessel(s), 
915 

Anterior tibial nerve, 1229, 1230, 
1231, 1241-1243, 1242 

Anterior tibial recurrent artery, 772, 
774, 774, 776 

Anterior tibial vein(s), 849 

Anterior tibiofibular ligament, 409, 
410, 411 

Anterior tibiotalar part of deltoid 
ligament, 410 

Anterior triangle, of neck, 75-78, 77, 
461 

of perineum, 96, 502 

Anterior tympanic artery, 678, 679 

Anterior ulnar recurrent artery, 718, 
720, 725 

Anterior vagus nerve, 
1188, 1266, 1267 

branches of, 1188-1189 

Anterior ventral nucleus, 1019-1021 

Anterior vertebral vein, 820, 821 

Anterior vesical lymph _node(s), 
903 

Anterior white column. See Anterior 
funiculus 

Anterolateral central artery(-ies). 
See Lenticulostriate artery 
(-ies ) 

Anterolateral spinal vein(s), 832, 973, 
974 

Anterolateral sulcus, 961, 963, 963 

Anterolateral thalamostriate  ar- 
tery(-ies). See Lenticulostriate 
artery(-ies) 


1185-1186, 
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Anteromedial branch(es) of anterior 
communicating artery, cen- 
tral, 1120 
Anteromedial central 
1120, 1121 
Anteromedial frontal branch of 
callosomarginal artery, 1116, 
Na a | 
Anthropology, physical, 6 
Antidiuretic principle, 1604 
Antihelix, 1316, 1316 
Antitragicus, 1317, 1317 
Antitragus, 1316, 1316 
Anulus fibrosus, 348 
Anulus stapedius, 1313 
Anulus tendineus communis, 1304 
Anulus tympanicus, 1319 
Aorta, 662-666 
arch of, 85, 659, 661, 664-665 
ascending, 659, 661, 662-664 
coarctation of, 655 
descending. See Abdominal oorto; 
Thorocic aorto 
development of, 614-615, 617, 618, 
655, 657 
dorsal, 41, 41, 650, 654, 655 
Aortic arch(es), 41, 41, 650, 651-655, 
651, 652, 653, 654 
Aortic body(-ies). See Aortic poro- 
ganglion(-a); |= Glomus(-ero) 
oorticum(-o) 
Aortic gland(s). See Aortic pora- 
gonglion(-o) 
Aortic hiatus, 479, 480 
Aortic isthmus, 655, 665 
Aortic lymph node(s), lateral, 892, 
897, 903, 905, 909, 909, 910 
Aortic network, 1263 
Aortic orifice, 634-635, 635 
Aortic paraganglion(-a), 1187, 1246, 
1607 
Aortic plexus, 1252, 1266, 1267, 1271 
Aortic ring, 636 
Aortic sac, 651, 654 
Aortic sinus, 635, 662 
Aortic spindle, 665 
Aortic valve, 84, 85, 632, 634-635, 635 
development of, 615, 618 
Aortic vestibule, 635 
Aorticopulmonary septum, 614-615, 
617 
Aorticorenal ganglion, 1267 
Apertura tympanica canaliculi chor- 
dae, 1320, 1320 
Aphagia, 1032 
Apical axillary lymph node(s), 890, 
891 
Apical foramen, 1416, 1418 
Apical incisure, 625 
Apical ligament of dens, 343, 344 
Apical segmental artery, of left lung, 
660, 661 
of right lung, 659, 660 
Apical segmental vein, 795, 795 
Apical superior segmental vein, 795, 
796 
Apicoposterior artery, 661 
Apicoposterior segmental vein, 795, 
796 


artery(-ies), 


Aponeurosis(-es), histologic struc- 
ture of, 309 

Appendicular artery, 742, 742 

Appendicular lymph node, 912 

Appendix. See Vermiform appendix 

Appendix(-ces) epiploica(e), 1459, 
1486, 1487 

Appendix fibrosa hepatis, 1497 

Appendix testis, 1522, 1550, 1552 

Appendix(-ces) vesiculosa(e), 1522, 
1568, 1570, 1574 

Aqueductus  Fallopii. 
canal 

Aqueductus vestibuli, 171, 173, 195, 
199) 1329) 1330; 1331 

Aqueous humor, 1302 

Arachnoid, 961, 1126, 1126, 1128, 


See Focial 


1131, 1132 

Arachnoid granulation(s), 190, 809, 
1129 

Arachnoid trabecula(e), 1126, 1128, 
1131 


Arachnoid villus(-i), 190, 809, 1129 
Arantius, corpus of, 633 
Arbor vitae uterina, 1574 
Arch of aorta, 85, 659, 661, 664-665 
Arch(es) of foot, 422-424, 423 
Archambault, loop of Meyer and, 
1026, 1100, 1101, 1103 
Archeocerebellum. See  Flocculo- 
nodulor lobe 
Archeocortex, 1076 
Archeopallium, 950 
See also Hippocompal formotion 
Arcuate artery of foot, 774, 775-776 
Arcuate artery(-ies) of kidney, 1532, 
1534, 1535 
Arcuate cerebral fiber(s), 1100-1102, 
1101 
long, 1100-1102, 1101, 1102 
short, 1100, 1101 
Arcuate eminence, 171, 172, 195, 199 
Arcuate fasciculus, 1101, 1102, 1102, 
1103 
Arcuate fiber(s), anterior external, 
976, 979 
Arcuate ligament, lateral, 479, 480 
medial, 479-480, 479 
median, 479, 480 
Arcuate line of ilium, 262, 265 
Arcuate line of sheath of rectus ab- 
dominis, 492, 494 
Arcuate nucleus of hypothalamus, 
1031, 1032 
Arcuate nucleus of thalamus, 1023- 
1025, 1024 
Arcuate popliteal ligament, 399, 400 
Arcuate pubic ligament, 363, 364 
Arcuate vein(s), 1532, 1534, 1536 
Arcus glossopalatinus, 1437, 1437 
Arcus pharyngopalatinus, 1437, 1437 
Arcus tendineus of pelvic fascia, 
501, 501, 504, 1576 
vertebralis. See 
arch(es) 
Area of deep cardiac dullness, 85 
Area of superficial cardiac dullness, 
85, 623 
Area postrema, 987, 988 


Arcus Vertebro! 


Areola(e) of bone, primary, 117 
secondary, 118 
Areola of mammary gland, 1582 
Areolar gland(s), 1582 
Areolar tissue, 310, 310 
Arm. See Limb(s), upper 
Arnold, nerve of, 1186 
Arrectores pilorum, 1346, 1351, 1353 
Arteria caudae pancreatis. See Cau- 
dol pancreatic ortery 
Arteria pancreatica magna. See 
Great pancreatic ortery 
Arteria radialis indicis. See Radial 
index ortery 
Arteria(e) recta(e), 1534, 1536 
Arterial circle (of Willis), 693-694, 
693, 1110, 1110 
Arterial mesocardium, 622 
Arteriole(s), histology of, 853-854, 
856 
Artery(-ies), 648-780, 649 
anastomosis of, 648-649 
development of, 650-657, 651, 652, 
653, 654, 656, 658 
end, 650, 694 
histology of, 850-855, 851, 852, 853, 
854, 855 
in bone, 317 
of head and neck, 72, 72, 79, 80, 
666-709 
of lower limb, 112, 760-780 
of pelvis, perineum and gluteal 
region, 748-760 
of thorax and abdomen, 728-748 
of upper limb, 104-105, 106, 709- 
720,-7 45 
patterns of branching, 648 
See also particular arteries 
Artery of bulb of penis, 754, 755 
Artery of bulb of vestibule of va- 
gina, 756 
Artery of cerebral hemorrhage, 691 
Artery of ductus deferens, 749, 751, 
1551, 1551, 1558 
Artery of pterygoid canal, 681-682 
Artery of round ligament of uterus, 
760 
Artery of sciatic nerve, 757, 758 
Arthrology, 5, 329 
Articular capsule. See Joint capsule 
Articular cartilage, 312, 336 
Articular disc(s), 334, 334 
Articular pillar, 131, 131 
Articular process(es), 129, 129, 130 
of cervical vertebrae, 131, 131 
of lumbar vertebrae, 137, 137, 138, 
138 
of sacral vertebrae, 140-141, 142 
of thoracic vertebrae, 135, 135, 136 
Articular tubercle of temporal bone, 
195, 196 
Articularis cubiti, 529 
Articularis genus, 563 
Articulations. See Joint(s) 
Aryepiglottic fold, 1371, 1372, 1373 
Aryepiglotticus, 1375, 1375 
in deglutition, 1441 
Arytenoid cartilage(s), 1366, 1367, 
1370, 1372 


movements of, 1371 
structure of, 1369 
Arytenoid gland(s), 1376 
Arytenoid muscle, 1375, 1375 
action of, 1376 
in deglutition, 1441 
Arytenoid swellings, 1357, 1404 
Aryvocalis muscle, action of, 1376 
Ascending aorta, 659, 661, 662-664 
Ascending cervical artery, 668, 695, 
703 
Ascending cervical vein, 820, 821 
Ascending lumbar vein, 827, 834 
Ascending palatine artery, 672, 673, 
679 
Ascending pharyngeal artery, 78, 
668, 670, 679, 683 
Ascending pharyngeal vein, 78 
Ascending ramus of lateral sulcus, 
anterior, 1037, 1037, 1038 
Association  fiber(s), | 1100-1102, 
1101 
Asterion, 70, 70, 159, 191 
Atlantal ligament, transverse, 132, 
132 
Atlantoaxial joint(s), 345-346 
lateral, 341, 343, 344, 345, 346 
median, 345-346, 345 
Atlantoaxial ligament, anterior, 344, 
345 
posterior, 342, 344, 345 
Atlanto-occipital joint(s), 341-343, 
341, 342 
Atlanto-occipital 
eral, 342 
Atlanto-occipital membrane, ante- 
rior, 341, 342 
posterior, 342, 342 
Atlas, 131-133, 132 
ossification of, 145, 145 
transverse process of, 74 
Atrioventricular bundle, 638-639, 
638, 639 : 
Atrioventricular canal, 610, 610 
Atrioventricular node, 638, 638 
histology of, 641 
Atrioventricular orifice(s), left, 634 
right, 629, 631, 631 
Atrioventricular ring(s), 636 
Atrioventricular valve(s), left, 84, 85, 
631, 632, 634, 635 
right, 84, 85, 629, 631-632, 631, 632 
Atrium(-a), left, 634 
musculature of, 636 
partitioning of, 611-612, 613, 614, 
615 
primitive, 610, 612 
right, 627-630, 629 
Attic, 199 
Auditory artery, internal, 689, 693, 
700, 1339 
Auditory meatus. See Acoustic meo- 
tus 
Auditory ossicle(s), 1325-1327, 1325, 
1326 
development of, 46, 47, 1313 
Auditory pit, 1312, 1312 
Auditory plate, 1312 
Auditory radiation, 1100, 1101 


ligament(s), _ lat- 


Auditory receiving area(s), 
1084, 1087-1090, 1091 
Auditory tube, 1318, 1322, 1324-1325, 
1324 
development of, 1313 
Auditory vein, internal, 1339 
Auditory vesicle, 1312, 1313 
Auerbach's plexus, 1476, 1476, 1478 
Auricle of atrium, left, 627, 628, 634 
right, 628, 629 
Auricula of ear. See Pinno 
Auricular artery, deep, 678, 679 
posterior, 668, 672, 676, 679 
Auricular branch(es) of auriculo- 
temporal nerve, anterior, 1167 
Auricular branch of lesser occipital 
nerve, 1200 
Auricular branch of occipital artery, 
675 
Auricular branch of posterior auric- 
ular artery, 676 
Auricular branch(es) of superficial 
temporal artery, anterior, 677 
Auricular branch of vagus nerve, 
1186 
Auricular lymph node(s), anterior, 
880, 881, 883 
posterior. See 
lymph node(s) 
Auricular lymphatic vessel(s), ante- 
rior, 880-881 
inferior, 881 
posterior, 881 
Auricular nerve, great, 79, 80, 1200, 
1201, 1201 
posterior, 1175, 1176 
Auricular point, 70, 70 
Auricular tubercle of Darwin, 1315- 
115 
Auricular vein, anterior, 801, 803 
posterior, 801, 803 
Auricularis anterior, 441, 1317 
Auricularis posterior, 440, 441, 1317 
Auricularis superior, 441, 1317 
Auriculotemporal nerve, 1162, 1163, 
1164, 1166, 1167, 1168, 1176, 
1179 
Auscultation, triangle of, 81, 515 
Autonomic nervous system. See Vis- 
cero! nervous system 
Autonomic plexus(es), 1268-1272 
Autosomes, 15 
Axial core, 21, 23 
Axilla, 81, 105, 518, 520, 710 
Axillary arch, 515 
Axillary artery, 104, 710-711, 712, 713 
Axillary fascia, 517, 518 
Axillary fold(s), 81 
Axillary line(s), 82 
Axillary lymph node(s), 888-890, 891 
Axillary nerve, 1205, 1208, 1210, 
1210, 1211, 1212, 1220 
surface markings for, 105, 106 
Axillary neurovascular sheath, 455, 
517 01a 
Axillary vein, 99, 105, 825, 825 
Axis, 133-134, 133 
ligaments connecting occipital 
bone with, 343, 343, 344 


1083, 


Retroouricular 
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ossification of, 145, 146 
Axis artery, of lower limb, 657, 658 
of upper limb, 656-657, 656, 709- 
710 
Axis ligament of malleus, 1326 
Azygos artery(-ies) of vagina, 752, 
752 
Azygos system of veins, 789, 790 
Azygos uvulae, 1440-1441, 1440 
Azygos vein, 826, 827 


Back, bones of. See Vertebrol col- 
umn 
muscles and fasciae of, 464-473, 
465, 467, 470, 472 
development of, 429-430 
surface and topographical anat- 
omy of, 79-80, 81, 82, 101 
Backbone. See Vertebro!] column 
Baillarger, external band of, 1077 
internal band of, 1078 
Barrel chest, 158 
Bartholin, duct of, 1433, 1435 
glands of. See Greater vestibulor 
glond(s) 
amygdaloid nucleus, 
1055 
accessory, 1055 
Basal artery, 662 
Basal ganglion(-a), 1069-1075, 1074 
functions of, 1075 
Basal lamina, 936, 936, 937 
Basal lamina of artery, 851 
Basal nucleus(-i). See Basal gon- 
glion(-o) 
Basal plate, 936, 936, 937 
Basal plate of chondrocranium, 123 
Basal plate of placenta, 59 
Basal segmental artery, 660 
anterior, 660, 660, 662 
lateral, 660, 660, 662 
medial, 660, 660, 662 
posterior, 660, 660, 662 
Basal vein, 807 
anterior, 796-797 
common, of left lung, 796-797 
of right lung, 796 
inferior, of left lung, 795, 796 
of right lung, 795, 796 
lateral, 797 
posterior, 797 
superior, of left lung, 795, 796 
of right lung, 795, 796 
Basilar artery, 693, 697, 700, 700, 981, 
1006-1007, 1007 
development of, 656 
Basilar crest, 1335 
Basilar membrane, 1336-1337, 1336, 
1337 
Basilar plexus, 810, 812, 813 
Basilar sulcus, 981 
Basilic vein, 100, 102, 105, 822, 822, 
825 
median, 822 
Basion, 169 
Basivertebral vein(s), 830, 831, 831 
Basle Nomina Anatomica, 4 
Basophil(s), in adenohypophysis, 
1602 


Basal 1054, 
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Basophil(s) (Continued) 
in connective tissue, 307 
Batson, vertebral venous plexus(es) 
of, 829-831, 830, 831, 972 
Bed nucleus of stria terminalis, 1057, 
1057 
Bell, respiratory nerve of, external, 
1205, 1207-1209, 1208 
internal. See Phrenic nerve 
Bellini, duct of, 1535 
Beta cell(s), 1506 
Betz, giant cells of, 1078, 1079 
Biceps brachii, 100, 101, 102, 104, 105, 
520, 526, 527-528, 527 
Biceps femoris, 108, 109, 110, 110, 
561, 567, 571-572 
Biceps femoris bursa, inferior, 406 
Bicipital aponeurosis, 527, 528 
Bicipital groove, 233-234, 233, 235, 
236 
Bicipital ridge(s), 234 
Bicuspid(s), 1414, 1415, 1417 
Bicuspid valve, 84, 85, 631, 632, 634, 
635 
Bifurcated ligament, 411, 414, 415, 
416 
Bile capillaries, 1499, 1500, 1500 
Bile duct(s), 1500 
common. See Common bile duct 
Biliary duct(s), intrahepatic distribu- 
tion of, 1495 
structure of, 1500 
Biliary passage(s), intercellular, 1499, 
1500, 1500 
Binucleate cell(s), 12-15 
Bipolar retinal cell(s), 1299 
Bird’s nest, 991, 995 
Birmingham Revision, 4 
Biventer cervicis, 471 
Biventer lobule(s), 990, 991, 992, 995 
Bladder, 1539-1545 
development of, 1517, 1518 
extroversion of, 1545 
in child, 1541-1542, 1542 
in female, 1542, 1543 
in male, 1540, 1541 
ligaments of, 1542-1543 
lymphatics of, 870, 903-904, 903 
palpation of, 96, 98, 99 
position of, 1449 
rupture of, 507-508 
structure of, 1544-1545, 1544, 1545 
variations of, 1545 
vessels and nerves of, 1545 
Blastocele, 29 
Blastocyst, 28-29, 29, 30 
implantation of, 30-33, 30, 31, 32 
Blastocyst cavity, 29, 30 
Blastomere(s), 28, 29 
Blastopore, 36 
Blind spot, 1294 
Blood, development of, 41-42 
Blood island(s), 41, 57, 650 
Blood plasma, primitive, 41 
Blood pressure, pulmonary, 657 
systemic, 657 
Blood-brain barrier, 1130 
Bloodless fold of Treves, 1462, 1462, 
1463 


Blue baby, 644 
BNA (Basle Nomina Anatomica), 4 
Body stalk, 34, 36, 38, 39, 54, 55, 58 
Body types, 69 
Bone(s), 114-323 
cancellous, 119, 315, 316 
cells of, 321-323 
chemical composition of, 323 
compact, 119, 315, 316 
flat, 114 
growth of, 119, 120 
irregular, 114 
long, 114 
nerves of, 317 
number of, 114 
of back. See Vertebral column 
of head. See Skull 
of lower limb, 107-110, 261-304 
of thorax, 147-158 
of upper limb, 98-103, 226-260 
physical features and properties 
o1,/315 
short, 114 
structure of, 314-323 
macroscopic, 315-317, 316 
microscopic, 317-323, 318, 319, 
320; 321,322 
types of, 114 
vessels of, 317 
See also particular bones 
Bone marrow. See Marrow 
Bowel. See Intestine(s) 
Bowman, capsule of, 1533, 1534 
glands of, 1283, 1284 
membrane of, 1295, 1296 
BR (Birmingham Revision), 4 
Brachial artery, 100, 102, 104, 715- 
Van Winey AW 
deep, 717-718, 717, 718 
superficial, 716 
Brachial cutaneous nerve, lateral, 
1208, 1210 
medial, 1205, 1208, 1210 
posterior, 1220 
Brachial fascia, 525-526, 526 
Brachial intermuscular septum, lat- 
eral, 525, 526 
medial, 525-526, 526 
Brachial plexus, 1183, 1184, 1204, 
1205-1207, 1205, 1208, 1252, 
1261, 1262 
branches of, 1207-1221 
palpation of, 79, 105 
variations of, 1206-1207 
Brachial vein, 105, 824-825, 824 
Brachialis, 100, 102, 104, 520, 526, 527, 
928 
Brachiocephalic trunk, 659, 665-666 
Brachiocephalic vein(s), 85, 827, 828- 
829 
development of, 791, 791 
left, 85, 827, 829 
right, 85, 800, 827, 828-829 
Brachioradialis, 102, 103, 104, 530, 
531, 535-536, 536 
Brachium(-a) conjunctivum. See Su- 
perior cerebellor peduncie(s) 
Brachium of inferior colliculus, 999, 
1004, 1025 


Brachium of superior colliculus, 999, 
1004, 1027 
Brachium(-a) pontis. See Middle cer- 
ebellar peduncle(s) 
Brachycephalic skull, 69 
Brain, composition of, 957 
developinent of, 941-954, 942, 944, 
945, 946, 949, 950, 954 
meninges of, 1121-1125, 1123, 1124, 
1126, 1127-1129, 1128, 1129, 
1131-1132, 1131 
surface anatomy of, 73, 75, 76 
See also particular structures 
Brain stem, 976, 977, 978, 980, 985, 
987, 999 
blood supply to, 1006-1007, 1012- 
1013, 1012, 1013, 1014, 1015, 
1016 
cerebellar attachments to, 991, 
996-998, 997, 998 
venous drainage of, 1015-1016 
See also Medullo oblongata; Mid- 
broin; Pons 
Branchial arch(es), 45-47, 45, 46, 50 
cartilage of, 125, 126 
Branchial cyst, 47 
Branchial fistula, 47 
Branchial groove(s), 45, 45, 47 
Branchial region, development of, 
45-50 
Breast. See Mommory gland 
Breathing, costal (thoracic), 481 
diaphragmatic (abdominal), 481 
Bregma, 70, 71, 158, 190 
Broad ligament of uterus, 1456, 1567, 
1568, 1574-1575 
Broca, diagonal band of, 1052, 1053 
motor speech area of, 1095, 1096 
Brédel's line, 1535 
Bronchial artery(-ies), 729, 1398 
Bronchial branch(es) of internal tho- 
racic artery, 707 
Bronchial branch(es) of vagus nerve, 
anterior, 1187-1188 
posterior, 1188 
Bronchial plexus, 1252 
Bronchial vein(s), 828, 1398 


Bronchiole(s), lobular, 1396-1397, 
1396 
respiratory, 1396, 1396, 1397 
Bronchomediastinal lymphatic 


trunk, left, 878-879, 892 
right, 879, 879 
Bronchopulmonary lymph node(s), 
895, 895, 896 
Bronchopulmonary 
1388-1389, 1390 
Bronchoscope, view through, 1378- 
1379, 1379 
Bronchus(-i), 1377 
eparterial, 1378 
hyparterial, 1378 
intrapulmonary, 1396 
left, 1377, 1378-1379 
right, 1377, 1378 
segmental, 1389, 1390, 1391t, 1394 
structure of, 1379-1380 
Brunner's gland(s), 1477 
Bucca(e), 1412 


segment(s), 


Buccal artery, 679, 680 
Buccal branch(es) of facial nerve, 
1176-1177 
Buccal cavity, 1410-1411, 1411 
Buccal fat pad, 444, 447 
Buccal gland(s), 1412 
Buccal lymph node(s), 880, 884 
palpation of, 72 
Buccal nerve, 1163, 1166, 1167, 1176 
Buccal vein, 804 
Buccinator muscle, 440, 444, 446-447, 
446 
Buccinator nerve, 1163, 1166, 1167, 
1176 
Bucconasal membrane, 48-49, 51 
Buccopharyngeal fascia, 447, 455- 
456 
Buccopharyngeal fat pad, 72 
Buccopharyngeal membrane, 38, 39, 
1402, 1403 
Buck’s fascia, 1560, 1561 
Bulb. See Medulla oblongata 
Bulb of aorta, 662 
Bulb of penis, 1561, 1562 
Bulb of vestibule, 1581 
Bulbar ridge(s), 612, 614, 617 
Bulbocavernosus. See Bulbospon- 
iosus 
Bulbospiral bundle(s), 637 
Bulbospongiosus, in female, 510, 510 
in male, 503, 508, 509 
Bulbourethral gland(s), 1540, 1566 
development of, 1520, 1521 
Bulboventricular loop, 609, 610, 611 
Bulboventricular sulcus, 609-610, 
610 
Bulbus cordis, 610, 610 
Bulla ethmoidalis, 210, 1360, 1361 
Burns, suprasternal space of, 455 
Bursa(e), 433 
of hip joint, 564 
of knee, 404, 405, 406, 406 
of shoulder region, 373-374, 525 
synovial, 337 
See also particular bursae 


Cajal, horizontal cells of, 1076 
interstitial nucleus of, 1003 
Calamus scriptorius, 987 
Calcaneal artery(-ies), medial, 771, 
778, 779 
Calcaneal branch(es) of peroneal 
artery, lateral, 771, 778, 778 
Calcaneal branch(es) of tibial nerve, 
medial (internal), 1238, 1240 
Calcaneal network, 778 
Calcaneal subtendinous bursa, 577 
Calcaneal sulcus, 295, 296, 297 
Calcaneal tendon, 110, 111, 112, 576, 
977, 582 
Calcaneal tuberosity, 108, 296, 296, 
297 
Calcaneocuboid joint, 416 
synovial cavity of, 418, 421 
Calcaneocuboid ligament, 
411, 415, 416 
plantar, 416, 417 
Calcaneocuboid part of bifurcated 
ligament, 416 


dorsal, 


Calcaneofibular ligament, 410, 411, 
412, 412, 414 
Calcaneonavicular ligament, plan- 
tar, 411, 415, 417-418, 417 
Calcaneonavicular part of  bifur- 
cated ligament, 416 
Calcaneus, 108-110, 295-297, 296, 297 
articulations of, 297 
ligaments connecting to navicular, 
416-418 
ossification of, 304, 304 
Calcar avis, 1047, 1105, 1107, 1108 
Calcarine branch of medial occipital 
artery, 1113, 1116 
Calcarine branch of posterior cere- 
bral artery, 690, 703 
Calcarine sulcus, 954, 1038, 1045, 
1047 
Calleja, islands of, 1053 
Callosal branch of medial occipital 
artery, dorsal, 1113 
Callosal sulcus, 1045, 1045 
Callosomarginal artery, 690, 691, 
1116, 1121, 1121 
Calot, cystic triangle of, 737 
Calvaria, 158 
inner surface of, 170 
Camper, fascia of, 483 
Canaliculus innominatus, 205 
Canaliculus(-i) of bone, 318, 319, 320- 
321 
Canalis reuniens, 1332, 1332, 1333 
Canalis sacralis, 142, 142, 143 
Candelabrum, 1116 
Canine eminence, 162, 213, 213 
Canine fossa, 213, 213 
Canine teeth, 1414, 1415, 1417 
Canthus(-i), 72, 1308 
Capillary(-ies), 606 
bile, 1499, 1500, 1500 
continuous, 855 
fenestrated, 855 
histology of, 854-855, 857, 858 
lymphatic, structure of, 871, 872 
sheathed, 922 
Capillary plexus(es), lymphatic, 869- 
870, 870 
Capitate bone, 249, 250, 253, 254 
ossification of, 259, 260, 261 
Capsula fibrosa perivascularis. See 
Glisson’s capsule 
Capsula lentis, 1300, 1302 
Capsula vasculosa lentis, 1288 
Capsular branch(es) of hepatic ar- 
tery, 1499 
Capsular matrix, 312 
Capsule. See External capsule; Ex- 
treme capsule; Internal cap- 
sule 
Capsule of lens, 1300, 1302 
Caput medusae, 839 
Carcinoma of breast, 516 
Cardiac antrum, 1446, 1464, 1464 
Cardiac branch(es) of recurrent 
nerve, 1187 
Cardiac branch(es) of vagus nerve, 
inferior (thoracic), 1187 
superior, 1186-1187 
Cardiac cycle, 639-640, 640 
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Cardiac dullness, deep, area of, 85 
superficial, area of, 85, 623 
Cardiac fossa, 1491 
Cardiac ganglion, 1269 
Cardiac gland(s), 1469 
Cardiac impression of liver, 1491 
Cardiac impression of lung, 1385, 
1387, 1388 
Cardiac loop, development of, 609- 
611, 610, 611 
Cardiac nerve, inferior, 1260 
middle (great), 1258, 1259 
superior, 1257, 1258 
Cardiac notch of lung, 83, 1386, 1388 
Cardiac notch of stomach, 1464, 1464 
Cardiac orifice of stomach, 88, 1464 
Cardiac plexus, 622, 1252, 1258, 1262, 
1263, 1268-1270 
Cardiac valve(s), surface projections 
of, 84, 85 
See also Aortic valve; Atrioven- 
tricular valve(s); Pulmonary 
valve 
Cardiac vein(s), 664, 798-799, 798 
anterior, 799 
great, 661, 664, 798, 798 
middle, 664, 798, 799 
small, 664, 798-799, 798 
smallest, 799 
Cardinal ligament, 1575-1576 
Cardinal vein(s), anterior, 788-790, 
789, 791, 792, 794 
common. See Common cardinal 
vein(s) 
posterior, 788-790, 789, 791, 792, 
794 
Cardioaortic body. See 
(-era) aorticum(-a) 
Cardioesophageal branch of left gas- 
tric artery, 733-734 
Carina, 1377, 1378-1379, 1379 
Caroticoclinoid foramen, 172, 206 
Caroticoclinoid ligament, 208 
Caroticotympanic artery, 684 
Caroticotympanic _ nerve(s), 
1254-1255, 1328 
Carotid artery(-ies). See Common 
carotid artery; External ca- 
rotid artery; Internal carotid 
artery 
Carotid body, 78, 668 
nerve fibers from, 1246 
nerve fibers to, 1186 
Carotid canal, 168, 169, 196, 198, 199, 
200 
Carotid groove, 171, 172, 203, 204, 204 
Carotid nerve(s), external, 1255 
internal, 1183, 1254 
Carotid plexus, 1157, 1254-1255 
Carotid sheath, 78, 453, 456, 667 
Carotid sinus, 78, 668-669 
Carotid sinus nerve, 1180, 1181 
Carotid sulcus, 171, 172, 203, 204, 204 
Carotid triangle, 77-78, 77, 461, 667, 
667 
Carotid tubercle, 74 
Carotid venous plexus, internal, 816 
Carpal bone(s), 102-103, 249-254, 
249, 250, 255, 306 


Glomus 


1178, 
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Carpal bone(s) (Continued) 
ossification of, 259-260, 260, 261, 
262 
See also individual bones 
Carpal branch(es) of radial artery, 
dorsal, 727 
palmar, 725, 726-727, 726 
Carpal branch(es) of ulnar artery, 
dorsal, 722.3722 
palmar, 721, 725 
Carpal collateral ligament(s), 385 
Carpal groove, 250 
Carpal ligament, palmar (volar), 541 
transverse. See Flexor retinacu- 
lum, of hand 
Carpal network, dorsal, 721, 727 
palmar, 721, 725, 726, 727 
Carpal radiate ligament, 385 
Carpal tunnel, 541, 551 
Carpometacarpal joint(s), 382, 383, 
386-388, 386 
Carpometacarpal ligament(s), dor- 
sal, 387 
interosseous, 387-388 
of thumb, 387 
palmar, 387 
Carpus. See Carpal bone(s); Inter- 
carpal joint(s); Wrist joint 
Carrying angle, 379 
Cartilage, articular, 312, 336 
epiphyseal, 116, 116, 119, 120 
histologic structure of, 311-314 
hyaline, 311-313, 312 
See also particular cartilages 
Cartilage lacuna(e), 311, 314 
Cartilage matrix, in hyaline carti- 
lage, 311-312, 312 
in yellow fibrocartilage, 313 
Cartilagines costales. See Costal 
cartilage(s) 
Cartilago triticea, 1368, 1369, 1370 
Caruncula(e) hymenalis(-es), 1581 
Caruncula lacrimalis, 72, 1310, 1311, 


1311 

Caruncula sublingualis, 1432, 1433, 
1435 

Cauda equina, 938, 938, 958, 959, 960, 
960, 1125 


Cauda helicis, 1316, 1316 

Caudal neuropore, 36, 39 

Caudal pancreatic artery, 737, 739 

Caudal position, 2, 3 

Caudate lobe, 1494 

Caudate nucleus, 1070, 1071, 1072, 
1073 

development of, 951, 953 

Caveola(e), 855, 858 

Cavernous branch(es) of internal 
carotid artery, 685 

Cavernous nerve(s), 1272 

Cavernous plexus, 1168, 1255 

Cavernous sinus(es), 811-812, 812 

relation of orbital nerves to, 1170, 

1170 

Cavum conchae, 1316 

Cavum nasi. See Nasal cavity 

Cavum septum pellueidi, 1059 

Cavum trigeminale, 1124 


Cecal branch(es) of ileocolic artery, 
742, 742 
Cecal fold, 1462, 1463 
Cecal fossa, 1462, 1463 
Cecum, 1479-1482, 1480, 1481 
development of, 1406, 1406, 1407, 
1408, 1408 
lymphatics of, 898-899, 900 
position of, 90-91, 95, 1449, 1451, 
1452 
Celiac artery. See Celiac trunk 
Celiac branch(es) of posterior vagus 
nerve, 1189 
Celiac ganglion, 1227, 1248, 1265, 
1266-1267, 1266, 1267 
development of, 955 
Celiac lymph node(s), 899, 909, 911 
Celiac plexus, 1252, 1267-1268, 1267, 
1270-1271 
Celiac trunk, 96, 97, 732, 733, 734, 736 
development of, 657 
Cell(s), 7-34, 8, 11 
binucleate, 12-15 
connective tissue, 306-307 
See also particular types of cells 
Cell membrane, 7, 11 
of spermatozoon, 21, 22, 23 
Cement, 1416, 1419-1420, 1419 
formation of, 1423-1424 
Central amygdaloid nucleus, 1054, 
1055 
Central anteromedial branch(es) of 
anterior communicating ar- 
teny liz 
Central artery(-ies) of cerebrum, 
1115, 1118, 1118 
anterolateral. See Lenticulostriate 
artery(-ies) 
anteromedial, 1120, 1121 
long. See Recurrent artery of 
Heubner 
short, 1120, 1121 
Central artery of retina. See Central 
retinal artery 
Central artery(-ies) of spinal cord, 
970-971, 970, 971 
Central artery(-ies) of spleen, 922, 
922, 923 
Central axillary lymph node(s), 889, 
891 
Central body. See Centrosome 
Central lateral nucleus, 1022 
Central ligament of spinal cord. See 
Filum terminale 
Central lobe. See Insula 
Central lobule, 990, 991, 992, 993, 994 
alae of, 994 
Central nervous system, develop- 
ment of, 933-957 
gross anatomy of, 957-1133 
See also particular structures 
Central palmar compartment, 547, 
947 
Central posteromedial artery(-ies), 
TAZ 
Central retinal artery, 688, 1291, 
1295, 1301-1302 
development of, 1287, 1288 


Central retinal vein, 1295, 1301-1302 
Central sulcus, 1037-1038, 1037, 1038, 
1041 
development of, 954 
surface markings for, 73, 75 
Central sulcus of insula, 1044 
Central tendinous point of  peri- 
neum, 96, 507 
Central tendon of diaphragm, 479, 
480 
Central thalamic radiation, 1099 
Central vein(s) of liver, 836, 1500 
Central vein of retina, 1295, 1301- 
1302 
Central vein(s) of spinal cord, 972- 
973, 972, 973 
Centriole(s), 7, 11 
Centroacinar cell(s), 1506, 1506 
Centromedian nucleus, 1020, 1022 
Centromere, 12, 13, 14, 15, 16 
Centrosome, 7, 11 
in mitosis, 12, 13 
of fertilized ovum, 27 
Centrum. See Vertebral body(-ies) 
Centrum semiovale, 1097, 1097 
Cephalic flexure, 941, 942 
Cephalic vein, 83, 87, 99, 100, 102, 
105, 821-822, 822, 825 
accessory, 822, 822 
median, 822 
Cerebellar artery, inferior, anterior, 
689, 693, 700-701, 700, 1007, 
1008, 1010 
posterior, 689, 699, 700, 1008, 
1009, 1014 
superior, 689, 693, 700, 701, 1007, 
1010-1012, 1011, 1016 
Cerebellar peduncle(s), inferior, 977, 
980, 983, 986, 996, 997, 998 
middle, 977, 978, 981, 987, 991, 
996-998, 997, 998 
superior, 977, 980, 983, 984, 984, 
986, 987, 991, 997, 998, 998 
Cerebellar plate, transverse, 945 
Cerebellar tonsil(s), 990, 991, 992, 995 
Cerebellar vallecula, 991, 993 
Cerebellar vein(s), inferior, 807-808 
superior, 807 
Cerebellomedullary cistern, 
1128, 1129 
Cerebellum, 988-998, 989 
attachments of, to brain stem, 991, 
996-998, 997, 998 
blood supply to, 1006-1012, 1009, 
1010, 1011 
development of, 945-946 
fissures of, 989-993, 990, 991, 992, 
994 
development of, 945-946 
functions of, 988 
gross form and topography of, 
989-995, 990, 991, 992 
hemispheres of, 990, 991, 992, 993- 
995 
development of, 945 
lobes of, 992, 995-996, 995t 
size of, 989 
venous drainage of, 1016 
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Cerebral aqueduct (of Sylvius), 981, 
1019, 1034 
development of, 941 942, 946, 947 
Cerebral arterial circle (of Willis), 
693-694, 693, 1110, 1110 
Cerebral artery. See Anterior cere- 
bral artery; Middle cerebral 
artery; Posterior cerebro! ar- 
tery 
Cerebral cortex, 1075-1097 
motor areas of, 1083, 1084, 1091- 
1095, 1092, 1093, 1094 
sensory areas of, 1081-1091, 1083, 
1084 
Cerebral fossa, lateral (of Sylvius), 
954, 954, 1042 
Cerebral hemorrhage, artery of, 691 
Cerebral nerve(s). See Craniol 
nerve(s) 
Cerebral peduncle(s), 999 
See also Crus(-ra) cerebri; Mid- 
brain tegmentum 
Cerebral sulcus, lateral. See Lateral 
cerebral sulcus 
Cerebral vein(s), 805-806, 805, 807 
anterior, 807 
external, 805-806 
great, 806, 807, 808 
inferior, 805, 806 
internal, 806, 807, 808 
middle, deep, 807 
superficial, 805, 806 
superior, 805, 806 
Cerebrospinal fluid, 1130-1131 
Cerebrum, 1035-1102 
development of, 949-954, 949, 950, 
953, 954 
inferior surface of, 1038, 1045, 
1047-1049, 1048 
medial surface of, 1038, 1044-1047, 
1045, 1046 
sulci of, development of, 953-954 
See also particular sulci-and 
under particular lobes 
superolateral surface of, 
1044, 1037, 1038, 1041 
See also particular structures 
Ceruminous gland(s), 73 
Cervical artery, ascending, 668, 695, 
703 
deep, 683, 709 
superficial, 695, 705, 706 
transverse, 668, 704, 705-706 
Cervical branch of facial nerve, 1177 
Cervical cutaneous nerve, anterior, 
80, 1201-1202, 1201 
Cervical fascia, deep, 453-456, 453, 
454 
superficial, 453, 453 
Cervical flexure, 941, 942 
Cervical intertransverse muscle(s), 
473 
Cervical ligament, 411, 413 
Cervical lymph node(s), anterior, 886 
superficial, 880, 881, 886 
See also Deep cervical lymph 
node(s) 


Cervical nerve(s), communications 


1036- 


with cervical ganglia, 1256- 
1257, 1257-1259, 1259-1260 
cutaneous, anterior, 80, 1201-1202, 
1201 
descending, 1190, 1191 
dorsal primary divisions of, 1193- 
1195, 1194 
roots of, 1192 
ventral primary divisions of, 1195- 
1198 
Cervical plexus, 
1252 
branches of, 1200-1205, 1203 
communications of, 1199-1200, 
1200 
posterior, 1195 
Cervical sympathetic ganglion, infe- 
rior, 1181, 1183, 1204, 1252, 
1258, 1259-1260 
intermediate, 1257 
middle, 1181, 1183, 1184, 1200, 
1252, 1256, 1257-1259, 1258 
superior, 1157, 1173, 1175, 1179, 
1181, 1183, 1200, 1248, 1255- 
207 
Cervical vein, ascending, 820, 821 
deep, 820, 821 
transverse, 79, 817-818, 817, 820 
Cervical vertebra(e). See under Ver- 
tebra(e) 
Cervicothoracic ganglion, 1260 
Cervix, 1573-1574, 1574 
digital examination of, 96, 98, 99 
lymphatics of, 904, 906, 907 
mucous membrane of, 1577-1578 
Chassaignac’s tubercle, 74 
Check ligament(s) of axis, 343, 343, 
344 
Check ligament(s) of eye, 1307, 1308 
Cheek(s), 1412 
Chest. See Thorox 
Chiasmatic cistern, 1127, 1128 
Chiasmatic groove, 170-171, 171, 172, 
203, 203 
Choana(e), 167, 173, 1360 
permanent, 49 
primitive, 49 
Chondrocranium, 123-124, 124, 125, 
126 
Chondrocyte(s), in hyaline cartilage, 
311, 312 
in white fibrocartilage, 313-314, 
314 
in yellow fibrocartilage, 313 
Chondroepitrochlearis, 520 
Chondroglossus, 1429 
Chondroitin sulfuric acid, in ground 
substance, 308 
Chorda(e) tendineae, of left ventri- 
cle, 631, 634 
of right ventricle, 632 
Chorda tympani nerve, 1162, 1168, 
1168, 1174, 1320, 1328 
variations of, 1169 
Chorion, 33, 52-56, 54, 55 
appearance in afterbirth, 61 
Chorion frondosum, 53, 55, 59 
Chorion laeve, 53, 55 


1198-1199, 1200, 
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expulsion of, 60-61 
Chorionic gonadotropin, 54 
Chorionic villi, 52-53, 53, 55, 59 
Choroid, 1291, 1292, 1292, 1293, 1300 
development of, 1288-1289, 1288 
structure of, 1296-1297 
Choroid fissure, 1108, 1108, 1109, 
1109 
development of, 946, 951, 954, 1061 
Choroid plexus(es), of lateral ventri- 
cle, 1107, 1108-1109, 1108, 
1109 
development of, 951, 952 
of 3rd ventricle, 1034, 1035, 1108, 
1109-1110 
development of, 948 
of 4th ventricle, 985-986, 986 
Choroidal artery(-ies), anterior, 692- 
693, 1110, 1111, 1114 
posterior. See Posterior choroidol 
artery(-ies) 
Choroidal fissure, 1286, 1287 
Choroidal vein(s), 806, 807, 1109 
Chromaffin body(-ies), 1607 
Chromaffin cell(s), 1604 
Chromatid(s), 12, 13, 14, 15 
Chromatin, 11 
Chromomere(s), 12 
Chromonema(ta), 12, 13 
Chromophil(s), 1602 
Chromophobe(s), 1602 
Chromosome(s), 11, 15-21, 16 
chemistry of, 17-19 
classification of, 15, 16, 16-17 
in mitosis, 12, 13, 14 
sex, 15 
structure of, 15, 16 
Chyle, 867 
Cilia. See Eyelosh(es) 
Ciliaris muscle. See Ciliory muscle 
Ciliary artery(-ies), anterior, 688 
posterior, long, 686, 688 
short, 688 
Ciliary body, 1291, 1292-1294 
Ciliary bundle, 441 
Ciliary ganglion, 1156-1158, 1157, 
1248, 1252 
developmeut of, 955 
long (sensory) root of, 1161 
short (parasympathetic motor) 
root of, 1156 
Ciliary gland(s), 1309, 1309 
Ciliary muscle, 1293-1294, 1293, 1300 
development of, 1290 
Ciliary nerve(s), long, 1157, 1161 
short, 1157, 1158 
Ciliary process(es), 1293, 1300 
structure of, 1293, 1297 
Cingular branch of callosomarginal 
artery, 1121, 2121 
Cingulate gyrus, 1038, 1045, 1045, 
1046 
Cingulate sulcus, 1038, 1045, 1045 
development of, 954 
Cingulum, 1101, 1102, 1102 
Circular band(s) of conus, 637 
Circular fold(s), 1473, 1474 
Circular sinus, 813 
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Circular sulcus of insula, 1043, 1044 
Circulation, collateral, 649-650 
development of, 42, 618, 650-651 
fetal, 618-621, 620 
placental, 59, 61 
portal, 606, 836-839, 838 
collateral circulation for, 839 
pulmonary, 606, 607, 648, 657-662, 
660 
systemic, 606, 607, 648 
Circulatory system, 5, 606, 607 
See also Artery(-ies); Heart; 
Vein(s); particular vessels 
Circulus arteriosus cerebri, 693-694, 
693, 1110, 1110 
Circulus arteriosus major, 688, 1298 
Circulus arteriosus minor, 688, 1298 
Circulus venosus of breast, 1585 
Circumduction, 4, 336 
Circumflex femoral artery, lateral, 
765, 766, 767 
medial, 765, 767 
Circumflex femoral vein, lateral, 850 
medial, 850 
Circumflex fibular artery, 772, 777 
Circumflex humeral artery, anterior, 
712, 713, 714-715, 714 
posterior, 712, 713, 714, 714 
Circumflex iliac artery, deep, 750, 
760, 765 
superficial, 763, 764, 766 
Circumflex iliac lymph node(s), 908 
Circumflex iliac vein, deep, 845 
superficial, 846, 846, 847 
Circumflex nerve. See Axillary 
nerve 
Circumflex scapular artery, 695, 713- 
714, 714 
Circumvallate papilla(e), 1285, 1426, 
1427, 1427 
Cistern of great cerebral vein, 1128, 
1129, 1129 
Cisterna basalis, 1127 
Cisterna chyli, 878, 878, 879 
development of, 867, 867 
Cisterna magna, 1127, 1128, 1129 
Cisterna(e) of lateral cerebral fossae, 
1127 
Cisterna pontis, 981, 985 
Cisternal puncture, 1127, 1131 
Civini, foramen of. See Pterygospi- 
nous foramen 
Claudius, cells of, 1338 
Claustrum, 1073, 1075 
Clavicle, 226-228, 226, 227 
fractures of, 227-228 
ossification of, 227, 228 
palpation of, 82, 86, 87, 98-99 
Clavicular branch of thoracoacro- 
mial artery, 712 
Clavicular notch, 148, 151 
Clavipectoral fascia, 517-518, 517 
Cleavage, 28 
Cleavage line(s), 1348-1349, 1349 
Cleft lip, 49-50 
Cleft palate, 49, 179 
Cleidohyoid muscle, 459 
Clinoid process, anterior, 171, 172, 
203, 204, 206 


medial, 171, 172, 203, 203 
posterior, 171, 172, 203, 203, 204 
Clitoris, 1580, 1581 
development of, 1524, 1525 
veins of, 842, 843 
Clivus, 204, 204 
Cloaca, 38, 39, 1406, 1409-1410, 1410 
Cloacal duct, 1410 
Cloacal membrane, 1410, 1410 
Cloquet, lymph node of, 917 
Clunial branch(es) of posterior fem- 
oral cutaneous nerve, infe- 
rior, 1236 
Clunial nerve(s), superior, 1195 
Coarctation of aorta, 655 
Coccygeal body, 1608 
Coccygeal branch(es) of inferior glu- 
teal artery, 758 
Coccygeal gland, 1608 
Coccygeal nerve, dorsal 
division of, 1195 
roots of, 1192 
Coccygeal plexus, 1235, 1245 
Coccygeal sympathetic ganglion, 
1251, 1268 
Coccygeus muscle, 499, 500 
Coccyx, 143-144, 143 
ossification of, 147 
palpation of, 96 
sex differences in, 273, 274 
Cochlea, 1328, 1329, 1330-1332, 1330, 
1331, 1335, 1336 
membranous, 1332, 1333, 1334- 
1336, 1336 
Cochlear branch(es) of internal au- 
ditory artery, 1339 
Cochlear canaliculus, 198, 200 
Cochlear duct, 1332, 1333, 1334-1336, 
1336 
Cochlear nerve, 1177, 1335, 1338-1339 
Cochlear nucleus, 945 
Cochlear tubercle, 988 
Coelom, extraembryonic, 32, 33, 34, 
36 
intraembryonic, 37, 38, 43, 44 
Cog-tooth of malleus, 1325 
Colic artery, left, 743, 744 
middle, 740, 743-744, 743 
right, 740, 743, 743 
Colic branch of ileocolic artery, 742 
Colic flexure, left, 92, 1452, 1482 
right, 91, 1452, 1457, 1482 
Colic impression, 1482, 1492, 1493 
Colic lymph node(s), left, 901, 912 
middle, 901, 912 
right, 901, 912 
Colic vein, left, 837, 838 
middle, 838 
right, 838, 838 
Collagen fiber(s), 307-308, 307 
Collateral artery, middle, 718, 718 
radial, 718, 718 
ulnar. See Ulnor collatero! artery 
Collateral eminence, 1105, 1107, 1108 
Collateral intercostal branch of pos- 
terior intercostal artery, 730- 
731 
Collateral ligament(s), carpal, 385 
fibular, 399, 400, 401, 402 


primary 


of interphalangeal joints, of fin- 
gers, 389, 389 
of toes, 422 
of metacarpophalangeal 
388, 389 
of metatarsophalangeal joints, 422 
radial, 376, 377, 382, 383, 384 
tibial, 399, 400-401, 400, 402 
ulnar, 376, 377, 382, 383, 384 
Collateral nerve, ulnar, 1220 
Collateral sulcus, 954, 1038, 1045, 
1048 
Collateral trigone, 1105-1108, 1108 
Collecting lymphatic vessel(s). See 
under Lymphotic vessel(s) 
Collecting tubule(s), 1534, 1535 
development of, 1516 
Colles’ fascia, 501, 502, 503, 504-505, 
504 
Colliculus seminalis, 1546 
Coloboma, 1286, 1297 
Colon, 1482-1483, 1483 
lymphatics of, 899, 901 
position of, 1449, 1450, 1450, 1451, 
1452 
surface markings for, 86, 89, 90, 91- 
92, 92, 93, 95 
Colored lines (of Retzius), 1419 
Colostrum, 1583 
Colostrum corpuscle(s), 1583-1584 
Columella, 48 
Columna nasi. See Nosal septum 
Columna vertebralis. See Vertebro! 
column 
Commissural fiber(s), 1097-1098 
Commissure of fornix, 1068, 1068 
development of, 953 
Common basal vein, of left lung, 
796-797 
of right lung, 796 
Common bile duct, 1501, 1502, 1505 
lymphatics of, 870, 902 
Common cardinal vein(s), 790, 791, 
792, 794 
development of, 41, 45 
Common carotid artery, 77-78, 79, 
80, 85, 86, 666-669, 667, 668, 
683 
collateral circulation for, 669 
development of. 655 
variations in, 669 
Common digital artery(-ies), palmar, 
720, 723, 724, 725, 726 
Common digital nerve(s), of foot, 
1240-1241 
palmar, 1216-1217, 1216 
Common digital vein(s), palmar, 824 
Common facial vein, 802, 803, 804 
Common flexor tendon sheath, 542, 
943 
Common hepatic artery, 734, 735 
Common iliac artery, 96, 97, 732, 748- 
749, 749, 750 
collateral circulation for, 749 
left, 732, 748, 749 
right, 748, 749, 750 
variations of, 748-749 
Common iliac lymph node(s), 897, 
908, 909, 910 


joints, 


Common iliac vein(s), 791, 827, 840, 
841, 844 
Common interosseous artery, 721, 
725 
Common mesentery, 1406, 1407, 1408 
Common palmar digital artery(-ies), 
720, 723, 724, 725, 726 
Common palmar digital branch of 
ulnar nerve, 1218 
Common palmar digital nerve(s), 
1216-1217, 1216 
Common palmar digital vein(s), 824 
Common peroneal nerve, 1229, 1230, 
1235, 1237, 1238, 1241, 1242 
palpation of, 109, 112 
Communicating artery, anterior, 
689, 690, 693, 1110, 1119, 1120 
posterior, 689, 692, 692, 693, 1110, 
1112, 1113-1114 
Communicating branch of peroneal 
artery. 715770 
Communicating branch of posterior 
tibial artery, 771, 779 
Communicating ramus of lateral 
sural cutaneous nerve, 1241 
Communicating vein, anterior jugu- 
lar, 87 
Comparative anatomy, 2 
Comparative embryology, 2 
Competence, 934 
Compressor naris, 443 
Concentric contraction, 437 
Concha of auricula, 1316, 1316 
Concha of nose. See Noso! concho 
Conchal crest of maxilla, 214, 215 
Conchal crest of palatine bone, 219- 
220, 219, 220 
Condylar emissary vein, 816 
Condylar process of mandible, 180, 
182 
Condyloid canal, 170, 173, 186, 187, 
188 
Condyloid fossa, 168, 169-170, -186, 
188 
Cone(s), 1298, 1299, 1301 
Cone bipolar(s), 1299 
Cone nucleus(-i), 1300 
Confluence of sinuses, 187, 810, 811 
Conical papilla(e), 1426, 1427-1428 
Conjoined tendon, 489, 490-491, 490, 
491, 492 
Conjugation, chromosomal, 21 
Conjunctiva, 1310-1311 
development of epithelium of, 
1290 
Conjunctival lymphatic vessel(s), 
881 
Connective tissue, cells of, 306-307 
dense fibrous, 309-310 
fibers of, 307-308 
histologic structure of, 306-323 
loose fibrous, 310, 310 
reticular, 308, 310-311 
types of, 308-311 
Conoid ligament, 369, 370 
Conoid tubercle, 226, 227 
Constrictor urethrae. See Sphincter 
urethrae; Tronsversus perinel 
profundus 


Contraction of muscle. See Muscle 
controction 
Conus arteriosus, 629, 631, 631 
circular bands of, 637 
development of, 614 
Conus elasticus, 1368, 1370-1371, 
1372, 1377 
Conus medullaris, 959, 959, 961, 1125 
Conus(-i) vasculosus(-i), 1554 
Cooper, pectineal ligament of, 487- 
488 
suspensory ligaments of, 516, 1582 
Copula, 1404, 1404 
Coracoacromial ligament, 369, 370, 
S72 
Coracobrachialis, 520, 526-527, 526, 
527 
palpation of, 100, 104 
Coracobrachialis bursa, 373 
Coracoclavicular bursa, 525 
Coracoclavicular ligament, 369, 369 
Coracohumeral ligament, 369, 373 
Coracoid process, 99, 230, 231, 231 
Corium. See Dermis 
Cornea, 1291, 1292, 1300 
development of, 1289-1290, 1289 
endothelium of, 1296, 1296 
epithelium of, 1295, 1296, 1300 
development of, 1290 
structure of, 1294-1296, 1296 
Corneal corpuscle(s), 1295, 1296 
Corneal space(s), 1295 
Corniculate cartilage(s), 1366, 1367- 
1368, 1370, 1373 
structure of, 1369 
Cornu ammonis, 1065-1067, 1065, 
1066, 1067 
development of, 951, 1061, 1062 
fields, 1065, 1067 
Corona glandis, 1561, 1562 
Corona radiata of cerebrum, 1098, 
1098 
Corona radiata of ovum, 25, 25, 1569 
Coronal artery(-ies), 970, 971 
Coronal plane, 2, 3 
Coronal suture, 71, 158, 159 
Coronal venous plexus, 972 
Coronary artery(-ies), 661, 662-664, 


663, 664 

left, 627, 628, 659, 661, 663, 663, 
664 

right, 627, 628, 659, 661, 662-663, 
664 


Coronary ligament(s) of knee, 402 
Coronary ligament of liver, 1453, 
1458, 1497 
Coronary plexus(es) of heart, 1252, 
1270 
Coronary plexus of stomach, 1252, 
1270 
Coronary sinus, 798-799, 798 
development of, 612, 616 
opening of, 630 
valve of, 629, 630, 798 
Coronary sulcus, 625, 627, 628 
Coronary vein, 838, 839 
Coronoid fossa, 235, 236, 238 
Coronoid process of mandible, 180, 
181-182 
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Coronoid process of ulna, 240-242, 
240, 241 
Corpus adiposum buccae, 1412 
Corpus albicans, 1569, 1570 
Corpus callosum, 1038, 1044, 1045, 
1046 
development of, 953, 954, 1062, 
1063 
Corpus cavernosum clitoridis, 1581 
development of, 1524 
Corpus cavernosum penis, 
1562, 1561, 1563 
development of, 1524 
Corpus cerebelli, 995-996 
Corpus hemorrhagicum, 1569, 1570 
Corpus Highmori, 1552-1553 
Corpus luteum, 54, 1570, 1574, 1578 
Corpus mandibulae. See Mondible 
Corpus ossis hyoidei. See Hyoid 
bone 
Corpus papillare of corium, 1347, 
1348 
Corpus(-ora) para-aorticum(-a), See 
Aortic paragonglion(-o) 
Corpus(-ora) quadrigeminum(-a). 
See Inferior colliculus(-i); 
Superior colliculus(-1) 
Corpus sphenoidale. See Sphenoid 
bone 
Corpus spongiosum penis, 1561, 1562 
Corpus sterni. See Sternum, body of 
Corpus striatum, 1069, 1070, 1070, 
1071 
development of, 944, 946, 951, 952, 
953 
fiber connections of, 1072-1075, 
1074 
See also Coudote nucleus; Globus 
pollidus; Lentiform nucleus; 
Putomen 
Corpus uteri. See Uterus 
Corpus vertebrae. See Vertebrol 
body(-ies) 
Corrugator cutis ani, 511, 1487 
Corrugator supercilii, 440, 442, 442, 
443, 444 
Corti, ganglion of. See Spirol gon- 
glion 
pillars (rods) of, 1337, 1337 
spiral organ of. See Spiro! orgon 
of Corti 
tunnel of, 1337 
Cortical amygdaloid nucleus, 1054, 
1055 
Cortical branch(es) of superior cere- 
bellar artery, 1011-1012, 1011 
Cortical receiving area(s), 1082-1083, 
1083, 1084 
Cortical sinus, 873, 875 
Corticobulbar fiber(s), 1099, 1099 
Corticofugal fiber(s), 1098, 1098 
Corticonuclear fiber(s), 1000 
Corticopetal fiber(s), 1098, 1098 
Corticopontine tract(s), 1000 
Corticorubral fiber(s), 1099, 1100 
Corticospinal fiber(s), 978-979, 982, 
983, 1000, 1099-1100, 1099 
Corticospinal tract, anterior, 979 
lateral, 978-979 


1561- 


1628 


Corticostriate projection(s), 1072- 
1073 

Corticothalamic fiber(s), 1099, 1099 

Costa(e). See Rib(s) 

Costal arch(es), primitive, 122 

Costal branch of internal thoracic 
artery, lateral, 708 

Costal cartilage(s), 148, 150, 156-157, 
312-313 

Costal demifacet(s), 134-135, 135 

Costal fovea, 129, 129 

Costal groove, 154, 154, 155 

Costal process(es), 131 

formation of, 121, 122-123 

Costal tuberosity, 227, 227 

Costocervical trunk, 683, 709 

Costochondral joint(s), 357 

Costoclavicular ligament, 367, 367 

Costocoracoid ligament, 517 

Costocoracoid muscle, 520 

Costodiaphragmatic recess. See 
Phrenicocosto! sinus 

Costomediastinal recess (sinus), 84, 
1381, 1382, 1382 

Costotransverse foramen, 352, 353 


Costotransverse joint(s), 350, 352- 
354, 352, 355 

Costotransverse ligament, 352, 353, 
355 


lateral, 352, 353-354, 355 
superior, 350, 352, 353, 355 
Costovertebral joint(s), 350, 351-354, 
352 
Costoxiphoid ligament(s), 355, 356 
Cotyledon(s), 59 
Cowper's gland(s). See Bulboure- 
thral gland(s) 
Cranial cavity, 170 
Cranial fossa(e), anterior, 170-171, 
171 
fractures of, 179 
middle, 171-172, 171 
posterior, 171, 172-173 
Cranial nerve(s), 1149-1191, 1150, 
1152t-1153t 
development of, 955-957, 956, 957 
See also particular nerves 
Cranial position, 2, 3 
Craniopharyngeal canal, 208 
Craniopharyngeoma(s), 208 
Craniosacral nervous system. See 
Parasympathetic nervous 
system 
Cranium, membranous, 123 
See also Skull 
Cremaster muscle, 489-490, 489, 490 
Cremasteric artery, 760 
Cremasteric fascia, 489 
Cribriform fascia, 483, 559, 560 
Cribriform plate of ethmoid, 170, 
171, 173, 174, 208-209, 209 
Cricoarytenoid ligament, posterior, 
1370, 1371 
Cricoarytenoid muscle, lateral, 1374- 
1375, 1375, 1376 
posterior, 1374, 1375, 1376 
Cricoid cartilage, 1366, 1367, 1368, 
1370, 1372 


movements of, 1371 
structure of, 1369 
surface markings for, 74, 76 
Cricothyroid branch of superior thy- 
roid artery, 668, 670, 683 
Cricothyroid ligament, 74, 
1370, 1372 
Cricothyroid membrane, 1368, 1370- 
1371203872, 1377 
Cricothyroid muscle, 
1375 
action of, 1376 
Cricotracheal ligament, 1369, 1372 
Crista colli costae, 153 
Crista galli, 170, 171, 208, 209 
Crista(e) of mitochondrion, 7, 9 
Crista terminalis, 612, 613, 628 
Crista vestibuli, 1328, 1329 
Cruciate anastomosis of conus med- 
ullaris, 968 
Cruciate anastomosis of thigh, 758 
Cruciate crural ligament. See Infe- 
rior extensor retinoculum 
Cruciate ligament of atlas, 343, 346 
Cruciate ligament(s) of knee, 401, 404 
anterior, 400, 401, 401, 402, 403, 404 
posterior, 400, 401-402, 402, 403, 
404 
role of, in movement, 401-402, 401, 
402, 403, 408 
Crural arch, deep, 497, 761 
Crural fascia, 573 
Crural intermuscular septum, ante- 
Flor, O73 
posterior, 573 
Crural interosseous membrane, 409, 
412 
Crural ligament, transverse, 574, 581, 
582, 583 
Crural nerve, anterior. See Femorol 
nerve 
Crus(-ra) cerebri, 
1002, 1003 
development of, 947 
Crus commune, 1328, 1330, 1330 
Crus(-ra) of diaphragm, 479, 480 
Crus(-ra) of penis, 97, 1562 
Crusta petrosa. See Cement 
Cruveilhier’s fascia, 502 
Crypta(e) tonsillaris(-es), 1438, 1439, 
1439 
Cryptorchidism, 1521, 1554 
Crystalline lens. See Lens 
Cubital fossa, 716 
Cubital vein, median, 104, 105, 821, 
O22, baa 
Cuboid bone, 297-298, 298 
ossification of, 304, 304 
Cuboideonavicular joint, 418-419 
Cuboideonavicular ligament(s), dor- 
sal, 411, 418-419 
interosseous, 419 
plantar, 417, 419 
Culmen, 990, 991, 992, 993, 994 
Cumulus oophorus, 25, 1569, 1569 
Cuneiform bone, intermediate, 299- 
300, 299, 300 
ossification of, 304, 304 


1368, 


1374, 1374, 


999-1000, 1000, 


palpation of, 108 
lateral, 300, 300 
ossification of, 304, 304 
medial, 299, 299 
ossification of, 304, 304 
Cuneiform cartilage(s), 1366, 1368, 
1373 
structure of, 1369 
Cuneiform tubercle, 1371, 1373 
Cuneocuboid joint, 419 
synovial cavity of, 418, 421 
Cuneocuboid ligament(s), dorsal, 
419 
interosseous, 419 
plantar, 419 
Cuneolingual gyrus, anterior, 1047 
posterior, 1047 
Cuneometatarsal ligament(s), inter- 
osseous, 421 
Cuneonavicular joint, 418, 420 
movements of, 419 
synovial cavity of, 418, 421 
Cuneonavicular ligament(s), dorsal, 
411, 418 
plantar, 417, 418 
Cuneus, 1038, 1045, 1047 
Cusp(s) of cardiac valves. See par- 
ticular valves 
Cutaneous nerve(s), antebrachial. 
See Antebrochiol cutoneous 
nerve 
brachial. See Brochio! cutoneous 
nerve 
cervical, anterior, 80, 1201-1202, 
1201 
dorsal. See Dorsol 
nerve 
external. See Femoral cutaneous 
nerve, loterol 
femoral. See Femorol cutaneous 
nerve 
of thigh, intermediate (middle), 
1232 
medial (internal), 1232 
of thorax, anterior, 1223, 1223 
lateral, 1208, 1222, 1223-1224, 
1223, 1224 
sural. See Suro! cutoneous nerve 
Cutaneous plantar venous arch, 848 
Cutaneous plantar venous network, 
848 
Cuticle. See Epidermis 
Cuticula dentis, 1423 
Cutis vera. See Dermis 
Cuvier, ducts of. See Common cor- 
dinol vein(s) 
Cymba conchae, 1316 
Cyon, nerve of. See Depressor nerve 
Cyst(s), branchial, 47 
Cystic artery, 734, 735, 738 
accessory, 738 
Cystic duct, 1501-1502, 1501, 1505 
lymphatics of, 869-870 
Cystic lymph node, 911 
Cystic triangle, 737 
Cystic vein(s), 838, 839 
Cytology, 2, 7-34 
Cytoplasm, 7 


cutaneous 


Cytoplasmic inclusion(s), 10 
Cytotrophoblast, 31, 32, 33433702) 53, 
99 


Dacryon, 165, 166 

Darkschewitsch, nucleus of, 1003 

Dartos tunic, 483, 1549-1550, 1549 

Darwin, auricular tubercle of, 1315- 
1316 

Decidua, 54-56, 57 

Decidua basalia (placentalis), 53, 55, 
57, OY 

Declive, 990, 991, 992, 993, 994 

Decussation of pyramids, 978-979, 
978, 982 

Deep artery of clitoris, 756 

Deep artery of penis, 754, 755 

Deep auricular artery, 678, 679 

Deep brachial artery, 717-718, 717, 
718 

Deep bulbospiral bundle, 637 

Deep cardiac dullness, area of, 85 

Deep cervical artery, 683, 709 

Deep cervical lymph node(s), 886 

inferior, 880, 882, 883, 885, 887 
superior, 880, 881, 882, 883, 884, 

885, 887 

Deep cervical vein, 820, 821 

Deep circumflex iliac artery, 750, 
760, 765 

Deep circumflex iliac vein, 845 

Deep crural arch, 497, 761 

Deep dorsal vein of penis, 841, 842, 
842 

Deep external pudendal artery, 763, 
764-765, 766 

Deep facial lymph node(s), 884 

Deep facial vein, 801, 802, 804 

Deep femoral artery, 765-767, 765, 
766 

Deep femoral vein, 850 

Deep infrapatellar bursa, 404, 406, 


563 
Deep inguinal lymph node(s), 916- 
917, 916 


Deep inguinal ring, 88, 97, 496, 497 

Deep labial lymphatic vessel(s), 881 

Deep lingual artery, 672-673, 683 

Deep lingual vein, 818-819, 819 

Deep lymphatic vessel(s), 871 

Deep middle cerebral vein, 807 

Deep palmar arterial arch, 105, 106, 
725, 726, 728 

Deep palmar branch of ulnar artery, 
720, 722-723, 723, 725, 726 

Deep palmar venous arch, 824 

Deep parotid lymph node(s), 883, 885 

Deep perineal compartment (space, 
pouch), 507 

Deep peroneal nerve, 1229, 1230, 
1231, 1241-1243, 1242 

Deep petrosal nerve, 1163, 1168, 
1173, 1173, 1254 

small, 1255 

Deep plantar artery, 774, 776, 776 

Deep plantar venous arch, 849 

Deep sinuspiral bundle, 637 

Deep structures, 4 


Deep temporal branch(es) of maxil- 
lary artery, 679, 680 
Deep temporal lymphatic vessel(s), 
881 
Deep temporal nerve(s), 1166, 1167 
Deep temporal vein(s), 804 
Deep transverse fascia of leg, 577 
Deep transverse metacarpal liga- 
ment, 382, 388-389, 389 
Deep transverse metatarsal liga- 
ment(s), 421 
Deglutition, muscle actions of, 1441 
Deiters, cells of, 1337, 1338 
Delta cell(s), 1506 
Deltoid, 100, 519, 522 
palpation of, 81, 83, 87, 101, 104 
Deltoid branch of deep brachial ar- 
hery, 716 
Deltoid branch of thoracoacromial 
artery, 695, 712 
Deltoid fascia, 521-522 
Deltoid ligament, 410, 411, 412, 414 
Deltoid tuberosity, 236 
Deltopectoral lymph node(s), 888, 
689 
Deltopectoral triangle, 99, 522 
Demours, membrane of, 1295, 1296, 
1300 
Denonvilliers’ fascia, 1564-1565 
Dens, 132, 132, 133, 133 
formation of, 122 
ossification of, 145, 146 
Dens(-tes) acousticus(-i), 1336 
Dens serotinus, 1417, 1425 
Dental branch(es) of inferior alveo- 
lar artery, 679 
Dental branch(es) of inferior alveo- 
lar nerve, 1169 
branch(es) of maxillary 
nerve, 1162, 1165 
Dental canaliculus(-i), 1418, 1419 
Dental formula(e), 1413, 1413t 
Dental furrow, 1420, 1420, 1421, 1422 
Dental germ(s), common, 1420, 1420, 
1421, 1421 
special, 1420-1422 
Dental lamina, 1420, 1420, 1421, 1421 
Dental nerve, inferior. See Inferior 
olveolor nerve 
Dental pulp, 1416, 1417-1418 
Dental sac, 1422 
Dentate gyrus, 1066, 1067, 1067 
development of, 951, 1061, 1062 
Denticulate ligament(s), 961, 1126, 
1128, 1132-1133 
Dentin, 1416, 1418-1419, 1419 
formation of, 1421, 1423 
intertubular, 1418-1419 
secondary, 1420 
Dentinal fiber(s), 1418, 1423 
Dentinal sheath, 1418 
Dentinal tubule(s), 1418, 1419 
Dentinum. See Dentin 
Depressor anguli oris, 440, 444, 445 
Depressor labii inferioris, 440, 444, 
445 
Depressor nerve, 1187, 1246 
Depressor septi, 440, 443 
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Depressor supercilli, 440, 441 

Dermatome, 42, 43 

Dermis, 1346, 1347-1348, 1348 

lymphatics of, 869, 870 

Descemet, membrane of, 1295, 1296, 
1300 

Descending aorta. See Abdominol 
aorto; Thorocic oorta 

Descending branch of occipital ar- 
tery, 676, 683 


Descending cervical nerve, 1190, 
1191 

Descending genicular artery, 765, 
766, 769, 772 

Descending hypoglossal nerve, 1190, 
1191, 1200 


Descending palatine artery, 681 
Descending palatine vein, 804 
Descending scapular artery, 695, 705, 
706 
Descriptive anatomy, 5-6 
Desmocranium, 123 
Desoxyribonucleic acid (DNA), 10 
replication of, 19, 20 
structure of, 17-19, 18 
Detrusor urinae muscle, 1545, 1545 
Developmental anatomy, 2, 34-64 
Diabetes insipidus, 1033, 1604 
Diagonal band, 1052, 1053 
Diaphragm, 478, 479-482, 479 
action of, 481 
lymphatics of, 891-892 
movements of, in respiration, 481- 
482 
nerve to, 481 
openings in, 479, 480-481 
position of, 84, 85, 86, 89, 90, 93, 
482 
variations in, 481 
Diaphragma sellae, 1123-1124, 1124 
Diaphragmatic hernia(s), 482 
Diaphragmatic lymph node(s), ante- 
rior, 894 
lateral, 894 
posterior, 894 
Diaphysis, 116, 116 
Diarthrosis(-es). See Joint(s), syno- 
vial 
Diastole, 639, 640 
Diencephalon, 1016-1034, 1018, 1019 
development of, 948-949 
Digastric branch of facial nerve, 
1475 
Digastric muscle, 76, 77, 457-458, 458, 
460 
Digestive system, 1402-1507 
development of, 1402-1410, 1402, 
1405, 1406, 1408 
See also particular structures 
Digestive tube, 1402 
lymphatic capillary plexuses in 
mucous membranes of, 869 
parasympathetic efferent fibers to, 
io0) 1251 
See also particular structures 
Digital artery(-ies), of foot, dorsal, 
776, 776 
plantar, 780, 780, 781 
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Digital artery(-ies) (Continued) 
palmar. See Polmor digito! ar- 

tery(-ies) 

Digital branch(es) of dorsal metacar- 
pal artery(-ies), dorsal, 727 

Digital branch(es) of ulnar nerve, 
palmar, 1218 

Digital fossa, 1552 

Digital lymphatic plexus(es), 887, 888 

Digital tendon sheath(s). See Tendon 


sheoth(s) 

Digital nerve(s). See Common digital 
nerve(s); Dorsal _ digital 
nerve(s); Proper __ digitol 
nerve(s) 


Digital vein(s), dorsal. See Dorsal 
digitol vein(s) 
palmar, 823-824 
plantar, 848-849 
Dilatator naris, 443 
Dilatator pupillae, 1297, 1300 
development of, 1290 
Diploé, 315 
Diploic vein(s), 814-815, 814 
frontal, 814, 814 
occipital, 814-815, 814 
temporal, anterior, 814, 814 
posterior, 814, 814 
Diploid number, 15 
Direction, terms of, 2-4, 3 
Disc(s), articular, 334, 334 
intervertebral. See Intervertebral 
disc(s) 
Distal direction, 4 
Distal perforating branch(es) of su- 
perficial palmar arch, 727 
Distal radioulnar joint. See Radioul- 
nor joint(s), distal 
Diverticulum ilei. See Meckel, diver- 
ticulum of 
DNA. See Desoxyribonucleic ocid 
Dolichocephalic skull, 69 
Dorsal accessory olivary nucleus, 
943, 979 
Dorsal amygdalofugal tract, 1057- 
1058, 1057 
Dorsal aorta(e), 41, 41, 650, 654, 655 
Dorsal artery of clitoris, 756 
Dorsal artery of penis, 754, 755-756 
Dorsal callosal branch of medial 
occipital artery, 1113 


Dorsal calcaneocuboid ligament, 
411, 415, 416 

Dorsal carpal branch of radial ar- 
tery, 727 

Dorsal carpal branch of ulnar artery, 
122; foe 


Dorsal carpal network, 721, 727 

Dorsal carpometacarpal ligament(s), 
387 

of thumb, 387 

Dorsal cuboideonavicular ligament, 
411, 418-419 

Dorsal cuneocuboid ligament, 419 

Dorsal cuneonavicular ligament(s), 
411, 418 

Dorsal cutaneous nerve, intermedi- 
ate, 1242, 1243 


lateral, 1240 
medial, 1242, 1243 
Dorsal digital artery(-ies) of foot, 
776, 776 
Dorsal digital branch(es) of dorsal 
metacarpal artery(-ies), 727 
Dorsal digital nerve(s), of foot, 1242, 
1242 
of hand, 1217-1218, 1221 
Dorsal digital vein(s), of foot, 848 
of hand, 823, 823 
Dorsal funiculus. See Posterior fu- 
niculus 
Dorsal gray column (dorsal horn), 
development of, 936 
Dorsal hypothalamic nucleus, 1032 
Dorsal intercarpal ligament(s), 384, 
385 
Dorsal intercuneiform ligament(s), 
419 
Dorsal intermetatarsal ligament(s), 
421 
Dorsal interosseous fascia, 547, 549 
Dorsal interosseous muscle(s), of 
foot, 589-590, 589 
of hand, 551, 554-555, 555 
Dorsal interosseous nerve, 1221 
Dorsal lingual branch(es) of lingual 
artery, 672, 683 
Dorsal lingual vein(s), 818, 819 
Dorsal median sulcus. See Posterior 
median sulcus 
Dorsal metacarpal artery(-ies), 722, 
727 
ISt,.: 722), 027 
Dorsal metacarpal ligament(s), 388 
Dorsal metacarpal vein(s), 823, 823, 
824 
Dorsal metatarsal artery(-ies), 776, 
776 
Dorsal metatarsal vein(s), 848 
Dorsal nasal artery, 687, 688 
Dorsal nerve of clitoris, 1245 
Dorsal nerve of penis, 1244, 1245 
Dorsal nucleus, anterior, 1019, 1021 
Dorsal pancreatic artery, 737, 738- 
739 
Dorsal pancreaticoduodenal arcade, 
736 
Dorsal position, 2, 3 
Dorsal pulmonary branch(es) of 
vagus nerve, 1188 
Dorsal radicular artery(-ies), 967, 
969, 970, 971 
Dorsal radiocarpal ligament, 383, 384 
Dorsal rhombencephalic sulcus, 941 
Dorsal root(s), 963-964, 963, 1191, 
1192 
development of, 937, 939 
Dorsal root ganglion, 1192, 1192 
Dorsal sacrococcygeal ligament, 359, 
362 
Dorsal sacroiliac ligament, 360-361, 
362 
Dorsal scapular artery, 695, 705, 706 
Dorsal scapular nerve, 1205, 1207 
Dorsal subaponeurotic space, 549, 
949 


Dorsal subcutaneous space, 541, 549, 
549 
Dorsal talonavicular ligament, 411, 
415 
Dorsal tarsometatarsal ligament(s), 
411, 420 
Dorsal tegmental nucleus, 1003 
Dorsal tendon compartment of 
hand, 548 
Dorsal thalamus. See Thalomus 
Dorsal vein of clitoris, 842, 843 
Dorsal vein of penis, deep, 841, 842, 
842 
superficial, 842. 842 
Dorsal venous arch of foot, 846, 
848 
Dorsal venous network of hand, 823, 
823 
Dorsal white column. See Posterior 
funiculus 
Dorsalis pedis artery, 112, 774, 775, 
776 
Dorsiflexion, 335, 412, 413 
Dorsoepitrochlearis brachii, 529 
Dorsomedial nucleus of hypothala- 
mus, 1032, 1032 
Dorsomedial nucleus of thalamus, 
1021-1022 
Dorsum nasi, 1358 
Dorsum sellae, 172, 203, 203, 204 
Douglas, cul-de-sac of. See Rectou- 
terine excovation 
folds of. See Socrogenitol fold(s) 
semicircular line of, 492, 494 
Drummond, marginal artery of, 744- 
745 
Ductulus(-i) aberrans(-tes), 1558 
development of, 1519 
Ductulus(-i) efferens(-tes), 1554 
Ductulus(-i) transversus(-i), 1567- 
1568, 1568, 1574 
Ductus arteriosus, 619, 620 
contraction of, 621 
development of, 655 
Ductus choledochus. See Common 


bile duct 

Ductus cochlearis, 1332, 1333, 1334- 
1336, 1336 

Ductus deferens, 1551, 1557-1558, 
1557 


development of, 1519, 1520 
lymphatics of, 870, 904 
Ductus endolymphaticus, 1329, 1329, 
1332, 1332,°9833 
Ductus  longitudinalis 
1568, 1568 
Ductus reuniens, 1332, 1332, 1333 
Ductus utriculosaccularis, 1332, 1333 
Ductus venosus, 619, 620, 794 
changes in, at birth, 621, 794 
Duodenal fossa(e), 1460-1461, 1461 
Duodenal gland(s), 1477 
Duodenal impression, 1492, 1493 
Duodenal papilla (of Vater), 1476- 
1477, 1477, 1505 
Duodenojejunal flexure, 1471, 1505 
Duodenojejunal fossa, 1460-1461, 
1461 


epoophori, 


Duodenum, 1457, 1470-1472, 1505 
development of, 1407-1408, 1407, 
1408 
lymphatics of, 898, 899 
position of, 88-90, 94, 1449 
structure of, 1476-1477, 1477 
Dura mater, 1122-1125, 1128 
arteries and veins of, 1124-1125 
cranial, 1122-1125, 1123, 1124, 1131 
nerves of, 1125 
sinuses of. See Venous sinus(es), 
introcroniol 
spinal, 961, 1125, 1126, 1132 
structure of, 1124 
Dural branch of maxillary nerve, 
1162 
Dural branch of vagus nerve, 1186 
Dural sheath(s), 1125 
Dwarfism, pituitary, 1604 


Ear(s), 1312-1339 
development of, 1312-1314, 1312, 
1313, 1314, 1315 
external. See Externo! ear 
extrinsic muscles of, 441 
inner. See Lobyrinth 
middle. See Tymponic covity 
surface anatomy of, 72-73 
Ebner's gland(s), 1431 
Eccentric contraction, 437 
Ectoderm, 31, 33 
Edinger-Westphal nucleus, 947, 1003 
Eighth nerve. See Vestibulocochleor 
nerve 
Eisenmenger complex, 644 
Ejaculatory duct, 1540, 1557, 1559, 
1560 
development of, 1519 
Elastic fiber(s), 308, 308 
Elastic membrane of artery, exter- 
nal, 851, 852 
internal, 851, 851, 852 / 
Elastic membrane of larynx, 1369 
Elastic membrane of thoracic duct, 
internal, 871-873 
Elbow joint, 375-380, 377, 378, 379 
anastomosis around, 718, 719 
arteries of, 378 
articular capsule of, 375-376, 377, 
378 
ligaments of, 375-376 
movements of, 378-380 
muscles of, 378 
nerves of, 378 
palpation of, 104 
roentgenograms of, 244, 245, 376 
synovial membrane of, 376-378, 
379 
See also Rodioulnar joint(s), prox- 
imal 
Electrocardiogram, 639-640, 640 
Electron microscope, 2 
Eleidin, 1347 
Eleventh nerve. See Accessory nerve 
Embryo, growth of, 61-62 
Embryoblast, 28 
Embryology, 2, 34-64 


comparative, 2 
Embryonic body cavity. See Coelom 
Embryonic disc, 31, 32, 34, 34 
Embryonic pole, 29 
Eminentia conchae, 1316, 1316 
Eminentia cruciata, 186 
Emissary sphenoidal foramen (of 
Vesalius), 171, 172, 203, 205 
Emissary vein(s), 815-816, 815 
condylar, 816 
mastoid, 815-816 
occipital, 815, 816 
of foramen cecum, 816 
of foramen lacerum, 816 
of sphenoid foramen, 816 
parietal, 816 
Enamel, 1416, 1419 
formation of, 1421, 1422-1423 
Enamel cell(s), 1421, 1422 
Enamel fiber(s), 1419 
Enamel organ, 1422, 1422 
Enamel prism(s), 1419 
Encephalon. See Broin 
End artery(-ies), 650, 694 
End piece, of spermatozo6n, 21 
Endocardial cushion(s), 611, 613 
Endocardial mesenchyme, 607-608 
Endocardium, 624-625 
development of, 41, 607-608, 608, 
609 
Endocranium, 170 
Endocrine system, 5, 1596-1608 
See also particular glands 
Endoderm, 31, 33 
Endolymph, 1332 
Endometrium, 1577-1578, 1577 
changes in, in menstrual cycle, 
1578 
in pregnancy, 54-56, 56 
Endomysium, 591, 591 
Endoplasmic reticulum, 8, 9-10, 11 
Endothoracic fascia, 475, 476 
Entorhinal area, 1054, 1054, 1055 
Eosinophil(s), in connective tissue, 
307 
Eparterial bronchus, 1378, 1387 
Ependyma, 984, 985, 1104 
Ependymal layer, 935 
Epibranchial placode(s), 955 
Epicardium (visceral pericardium). 
622, 624 
development of, 38 
Epicranial aponeurosis, 439, 440, 
440, 444 
Epicranius, 438-441 
Epidermis, development of, 1345 
structure of, 1345-1347 
Epididymis, 1549, 1550, 1552, 1553 
appendix of, 1519, 1550, 1552 
development of, 1519, 1520 
lymphatics of, 870 
palpation of, 97 
Epidural cavity, 960, 1125, 1126 
Epidural fat, 960 
Epidural space, 960, 1125, 1126 
Epigastric artery, inferior, 95, 97, 
750, 759-760, 759, 765 
superficial, 763, 764, 766 
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superior, 708, 709 
Epigastric fossa, 82 
Epigastric lymph node(s), 908 
Epigastric region, 88, 91 
Epigastric vein, inferior, 841, 845 
superficial, 846-847, 846, 847 
Epiglottis, 1366, 1368-1369, 
1372, 1373 
Epihyal bone, 458 
Epimysium, 431, 591 
Epinephrine, 1607 
Epiphyseal artery(-ies), 317 
Epiphyseal plate, 116, 116, 119, 120 
Epiphyseal vein(s), 317 
Epiphysis(-es), 116, 116 
ossification of, 119, 120 
Epiphysis cerebri. See Pineal body 
Epiploic artery(-ies), anterior, 734 
posterior, 739 
Epiploic branch(es) of right gastro- 
epiploic artery, 737 
Epiploic foramen, 1452, 1455, 1456, 
1457, 1458 
development of, 1407 
Epiploon. See Greoter omentum 
Epipteric bone, 211 
Epispadias, 1545, 1548 
Epistropheus. See Axis 
Epithalamus, 1027-1028 
development of, 948, 949 
Epitrochleoanconeus, 532 
Epitympanic recess, 199, 1320, 1323 
Eponychium, 1350, 1351 
Eponyms, 5 
Epodphoron, 1522, 1523, 1567-1568, 
1567, 1568 
Equatorial plane, 12, 14 
Erector clitoridis, 510, 510 
Erector penis, 503, 508, 509 
Erector spinae, 81, 101, 464, 466-469, 
467 
action of, in respiration, 482 
Erythroblast(s), primitive, 41 
Erythrocyte(s), primitive, 41 
Esophageal artery(-ies), 729-730 
Esophageal branch(es) of inferior 
thyroid artery, 703 
Esophageal branch(es) of recurrent 
nerve, 1187 
Esophageal branch(es) of thoracic 
ganglia, 1263 
Esophageal branch(es) 
nerve, 1188 
Esophageal gland(s), 1448 
Esophageal groove, 1491 
Esophageal hiatus, 479, 480 
Esophageal plexus, 1184, 1185, 1188, 
1252, 1261 
Esophageal vein(s), 828 
Esophagus, 1446-1448, 1447 
development of, 1405, 1405, 1406 
lymphatics of, 893 
Estrogen, 1578 
Ethmoid bone, 208-211, 209, 210, 211 
articulations of, 209, 211 
cribriform plate of, 170, 171, 173, 
174, 208-209, 209 
development of, 124 


1370, 


of vagus 
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Ethmoid bone (Continued) 
ossification of, 211 
perpendicular plate of, 162, 209, 
209 
uncinate process of, 210, 210, 1360, 
1361 
Ethmoidal air cell(s), 175, 175, 209, 
209, 210, 210, 1364, 1364, 1365 
Ethmoidal artery, anterior, 686, 687 
posterior, 686-687, 686 
Ethmoidal branch(es) of nasociliary 
NeCVeje ot 
Ethmoidal canal(s), 194, 209, 209 
Ethmoidal crest, 216, 220, 220 
Ethmoidal foramen(-ina), 165, 166, 
170, 171 
Ethmoidal nerve, 
1158, 1161 
posterior, 1161 
Ethmoidal notch, 193, 193, 194 
Ethmoidal process of inferior nasal 
concha, 222, 222 
Ethmoidal spine, 170, 171, 203, 203 
Ethmoidal sulcus, 212, 212 
Eustachian tube. See Auditory tube 
Eustachian valve. See Inferior vena 
cava, valve of 
Eversion, 4, 415-416, 415 
Evocator, 934 
Examination, rectal, 96, 98 
vaginal, 97-98, 99 
Exocoelomic membrane, 31, 32, 33 
Expiration, movements in, 481-482 
Extension, 3, 4, 335-336 
Extensor carpi radialis accessorius, 
O37 
Extensor carpi radialis brevis, 102, 
530, 536, 536-537 
Extensor carpi radialis intermedius, 
937 
Extensor carpi radialis longus, 83, 
101, 102, 103, 530, 534, 536, 536 
Extensor carpi ulnaris, 83, 101, 102, 
103, 530, 536, 538 
Extensor coccygis, 473 
Extensor compartment, of arm, 526, 
226 
of forearm, 529, 530 
Extensor digiti minimi, 530, 536, 
537-538 
Extensor digitorum, 83, 101, 103, 530, 
536, 537 
Extensor digitorum brevis, 112, 583, 
5984 
Extensor digitorum longus, 111, 112, 
974, 575, 582 
Extensor hallucis brevis, 584 
Extensor hallucis longus, 111, 574- 
975, 574 
Extensor hood(s) of fingers, 537 
Extensor indicis, 539, 540 
Extensor ossis metatarsi hallucis, 
079 
Extensor pollicis brevis, 530, 539, 540 
Extensor pollicis longus, 103, 530, 
539, 540 
Extensor retinaculum, of foot, infe- 
rior, 574, 581, 582, 583 


anterior, 1157, 


superior, 574, 581, 582, 583 
of hand, 529, 542, 544 
External acoustic meatus. See under 
Acoustic meatus 
External anal sphincter, 509, 511- 
012, 1485, 1487, 1488 
palpation of, 96, 98 
External arcuate fiber(s), anterior, 
976, 979 
External auditory meatus. See under 
Acoustic meatus 
External band of Baillarger, 1077 
External capsule, 1070, 1073, 1075 
External carotid artery, 78, 79, 80, 
668, 669 
branches of, 669, 679 
External carotid nerve(s), 1255 
External cerebral vein(s), 805-806 
External cutaneous nerve. See Fem- 
oral cutaneous nerve, /ateral 
External ear, 1315-1319, 1318 
development of, 1313 
lymphatics of, 880-881 
External elastic membrane of artery, 


851, 852 

External granular layer, 1076, 1077, 
1078 

External iliac artery, 96, 97, 749, 750, 
758-759 


collateral circulation for, 759 
External iliac lymph node(s), 892, 
897, 907-908, 909, 910 
External iliac vein, 827, 841, 844-845 
External intercostal membrane(s), 
476 

External intercostal muscle(s). See 
Intercostales externi 

External jugular vein, 79, 816-817, 
817, 820 

development of, 791, 791 
posterior, 817, 821 

External mammary branch(es) of 
lateral thoracic artery, 713 

External mammary branch(es) of 
posterior intercostal artery, 
Zoi 

External maxillary artery. See Fa- 
cial artery 

External medullary lamina, 1018 

External nasal branch(es) of maxil- 
lary nerve, 1162, 1165 

External nasal branch of nasociliary 
nerve, 1161 

External nasal vein(s), 801, 802 

External oblique muscle of abdo- 
men. See Obliquus externus 
abdominis 

External occipital crest, 166, 170, 
186, 186 

External occipital protuberance, 69, 
166, 168, 170, 185, 186 

External palatine vein, 802 

External perineal fascia, 502, 503, 


504, 506-507 

External plantar nerve, 1230, 1240, 
1241 

External pudendal artery, deep, 763, 
764-765, 766 


superficial, 763, 764, 766 
External pudendal vein, superficial, 


846, 846 

External pyramidal layer, 1076-1077, 
1077, 1078 

External rectal plexus, 842, 1488- 
1489 


External respiratory nerve of Bell, 
1205, 1207-1209, 1208 

External semicircular canal. See 
Lateral semicircular canal 

External semicircular duct, 1332- 
1334, 1332, 1333 

External spermatic artery, 1551 

External spermatic fascia, 487, 1550, 
1551 

External spermatic nerve, 1227, 1228, 
1229, 1267 

External structures, 4 

External superficial petrosal nerve, 
1255 

External urethral orifice, 
1580, 1581 

male, 1546, 1547 

External vertebral venous plexus(es), 
830, 830, 831 

Extraembryonic coelom, 32, 33, 34, 


female, 


36 

Extraembryonic mesoderm, 32, 33, 
34 

Extraperitoneal connective tissue, 
497 


Extreme capsule, 1073, 1075 

Eye(s), 1285-1312, 1291, 1300 
accessory organs of, 1303-1312 
bulb of, 1290-1302, 1291, 1300 
development of, 1286-1290, 1286, 

1287, 1288, 1289 

refracting media of, 1302-1303 
surface anatomy of, 72 
tunics of, 1290-1302 

Eye field(s), 1094-1095 

Eye teeth, 1417 

Eyebrow(s), 1308 

Eyelash(es), 1309, 1309 
development of, 1290 

Eyelid(s), 1308-1310, 1309, 1310 
development of, 1288, 1289, 1290 
muscles of, 441-443 
structure of, 1308-1309, 1309 


Face, development of, 47-50, 48, 49, 
50 
lymphatics of, 881, 881, 884 
muscles and fasciae of, 438-451, 
440, 444 
surface anatomy of, 70, 71 
veins of, 801-805, 804 
Facial artery, 72, 72, 78, 80, 668, 672, 
673, 679 
anastomoses of, 675 
transverse, 668, 672, 677 
variations of, 675 
Facial branch of great auricular 
nerve, 1201 
Facial branch(es) of infraorbital ar- 
tery, 681 
Facial canal, 196, 197, 199-200 


Facial colliculus, 987-988, 987 
Facial lymph node(s), 881, 884 
Facial nerve (VII), 1150, 1152t-1153t, 
1168, 1170-1171, 1171, 1172, 
1183 
branches of, 1172-1177 
communications of, 1171, 1172 
development of, 46, 944, 955, 957, 
957 
parasympathetic efferent fibers of, 
1173, 1175, 1249 
roots of, 978, 979 
surface markings for, 72, 73, 74, 79 
Facial vein, 78, 801-802, 801, 804 
common, 802, 803, 804 
deep, 801, 802, 804 
posterior, 802, 803, 804 
surface markings for, 72 
transverse, 801, 803 
Falciform ligament of liver, 1453, 
1455, 1458, 1497 
Falciform process of sacrotuberous 
ligament, 362, 363 
Fallopian tube. See Uterine tube(s) 
Fallot, tetralogy of, 644 
False ligament(s) of bladder, 1543 
Falx cerebelli, 1123 
Falx cerebri, 1122, 1123 
development of, 951 
Fascia(e), 431-434 
deep, 432-434, 433 
histologic structure of, 310 
naming of, 434 
of abdomen, 483-484, 487, 495-497 
of ankle, 581-584 
of arm, 524-525 
of back, 464-466, 465 
of foot, 584 
of forearm, 529-530 
of hand, 541-542, 543-548 
of head, 438, 447-449 
of leg, 574, 577 
of lower limb, 556-557 ; 
of neck, 452-456, 453 
of pelvis, 500-501, 501, 502, 504 
of perineum, 501, 502-508, 502, 503, 
504 
of shoulder, 521-522, 523 
of thigh, 558-560, 560 
of thorax, 475 
of upper limb, 512-513, 516-518, 
517 
superficial, 431-432, 433 
types of, 431 
Fascia bulbi, 1307-1308, 1307 
Fascia cribrosa. See Cribriform fos- 
cia 
Fascia lata, 559-560 
Fascia transversalis. See Tronsver- 
solis fascia 
Fascial cleft(s), 432, 433 
of hand, 548-550, 549 
Fascial compartment, 432-433 
Fascicle(s), muscle, 591, 591 
Fasciculus cuneatus, 979-980, 982 
Fasciculus gracilis, 977, 979-980, 982 
Fasciculus lenticularis, 1029, 1074, 
1075 


Fasciculus mammillaris princeps, 
1034 
Fasciculus proprius, lateral, 979 
Fasciculus retroflexus, 1028 
Fauces, 1436-1441, 1437 
arches (pillars) of, 1413, 1437, 1437 
Femoral artery, 760-764, 762, 763, 
765, 766 
branches of, 764-769, 766 
circumflex, lateral, 765, 766, 767 
medial, 765, 767 
collateral circulation for, 764, 765 
deep, 765-767, 765, 766 
development of, 657, 658 
surface markings for, 108, 109, 110, 
atZ 
variations of, 765 
Femoral branch of genitofemoral 
nerve, 1227, 1228, 1229, 1229, 
1230, 1267 
Femoral branch(es) of posterior fem- 
oral cutaneous nerve, 1238 
Femoral canal, 761, 762, 762 
Femoral cutaneous nerve, lateral, 
1226, 1227, 1228, 1229-1230, 
1229, 1230, 1265, 1266, 1267 
posterior, 1235, 1236-1238, 1237, 
1238, 1244 
Femoral fossa, 762 
Femoral hernia, 110 
Femoral nerve, 1226, 1227, 1228, 
1231-1234, 1231 
variations of, 1229 
See also Femoro! cutoneous nerve 
Femoral ring, 110, 759, 762 
Femoral septum, 762 
Femoral sheath, 761-762, 761, 762 
Femoral triangle, 107, 110, 762-763, 
763 
Femoral vein, 108, 109, 110, 850 
circumflex, lateral, 850 
medial, 850 
deep, 850 
Femur, 275-282, 275, 276, 277, 278, 
280 
angle of inclination of neck of, 395 
architecture of, 280-281, 281, 282 
articular surface of distal extrem- 
ity of, 280, 280, 397, 398, 398 
nutrient artery of, 768-769 
ossification of, 281-282, 282, 283 
palpation of, 107, 108, 109 
Fenestra cochleae, 1322, 1322, 1324, 
1329, 1330 
Fenestra ovalis, 1322, 1322, 1324, 
1328, 1331 
Fenestra rotunda, 1322, 1322, 1324, 
1329, 1330 
Fenestra vestibuli, 1322, 1322, 1324, 
1328, 1331 
Fertilization, 27-28, 28 
Fetal membrane(s), 51-58 
See also Allontois; Amnion; Cho- 
rion; Yolk soc 
Fetus, growth of, 60t, 62-64, 62, 63 
peculiarities in vascular system 
of, 618-621, 620 
Fibroblast(s), 306, 306 
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Fibrocartilage(s), | circumferential, 
314 
connecting, 314 
interarticular, 314 
stratiform, 314 
white, 313-314, 314 
yellow (elastic), 313, 313 
Fibroelastic tissue, 310 
Fibrous tendon sheath(s). See Ten- 
don sheath(s) 
Fibrous trigone(s) of heart, 636, 636 
Fibula, 285, 288-291, 289, 290 
nutrient artery of, 777 
ossification of, 286, 289, 291, 291 
palpation of, 108, 111 
Fibular artery, circumflex, 772, 777 
Fibular collateral ligament, 399, 400, 
401, 402 
Fibular notch, 288 
Fifth nerve. See Trigemino! nerve 
Filiform papilla(e), 1426, 1427-1428, 
1428 
Filum(-a) olfactorium(-a), 1050, 1050, 
1283 
Filum(-a) radicularium(-a), 964 
Filum terminale, 938, 938, 959, 961, 
Hizo, Lis2 
Filum terminale externum, 958, 959, 
959 
Filum terminale internum, 959, 959 
Fimbria hippocampi, 1068, 1068, 1108, 
1108 
Fimbria(e) of uterine tube, 1567, 
1568, 1570, 1574 
Fingerprint(s), 1346 
First nerve. See Olfactory nerve(s) 
Fissura antitragohelicina, 1316 
Fissura orbitalis inferior. See Infe- 
rior orbitol fissure 
Fissura sterni, 152 
Fistula, branchial, 47 
Fixator(s), 437 
Flagellum, 23 
Flat foot, 418, 424 
Flexion, 3, 4, 335 
plantar, 336, 412, 413 
Flexor accessorius. See Quadrotus 
plontoe 
Flexor accessorius longus digitorum, 
579 
Flexor carpi radialis, 530, 531, 531 
Flexor carpi ulnaris, 83, 530, 531, 
Gaz 
Flexor compartment, of arm, 526, 
526 
of forearm, 529, 530 
Flexor digiti minimi brevis, of foot, 
588, 589 
of hand, 551, 553-554, 553 
Flexor digitorum brevis, 585, 586 
Flexor digitorum longus, 578-579, 
578, 583 
Flexor digitorum profundus, 530, 
533-534, 533 
Flexor digitorum superficialis, 530, 
531, 532-533 
Flexor hallucis brevis, 588-589, 588 
Flexor hallucis longus, 578, 578 
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Flexor pollicis brevis, 550-551, 551, 
553 
Flexor pollicis longus, 530, 533, 535 
tendon sheath of, 542, 543 
Flexor retinaculum, of foot, 581, 583 
of hand, 529, 541-542, 542 
Floccular peduncle, 989, 991 
Flocculonodular lobe, 991, 992, 995, 
995t, 996 
See also Flocculor peduncle; Floc- 
culus; Nodulus vermis 
Flocculus, 990, 991, 992, 995 
Folium vermis, 990, 992, 993, 994 
Follicle-stimulating hormone, 1578, 
1604 
Follicular artery(-ies) of spleen, 922, 
922, 923 
Fontana, spaces of, 1291 
Fontanelle(s) (fonticuli), 71, 177, 177, 
178 
Foot, arches of, 422-424, 423 
arteries of, 774, 775-776, 776, 779- 
780, 780, 781 
bones of, 291-304 
hand bones compared, 305-306 
ossification of, 303-304, 304 
flat, 418, 424 
joints of, 419-422, 420 
muscles and fasciae of, 584-590, 
585, 587, 588 
nerves to, 1240-1241, 1240, 1242- 
1243, 1242 
tendon sheaths of, 583, 584, 586 
veins of, 848-849 
Foramen cecum of frontal bone, 170, 
171, 193, 193, 208 
Foramen cecum of medulla oblong- 


ata, 976, 978 

Foramen cecum of tongue, 1404, 
1426, 1427 

Foramen lacerum, 168, 169, 171, 172, 
206 


Foramen magnum, 166, 168, 169, 171, 
173, 186, 187, 188 
Foramen ovale of heart, 611, 613, 618 
closing of, 611-612, 621 
probe patency of, 630 
valve of, 611, 613 
in adult heart, 634 
Foramen ovale of sphenoid bone, 
168, 168, 171, 172, 203, 204, 205 
Foramen rotundum. 172, 203, 204, 
205, 206 
Foramen spinosum, 168, 168, 171, 
172, 203, 205 
Foramen transversarium, 131, 131 
of atlas, 132, 134 
of axis, 133, 134 
of 7th cervical vertebra, 134 
Foramen vasculare, 129, 130, 130 
Foramina venarum minimarum, 630 
Forebrain, 1016-1110 
blood supply of, 1110-1121 
development of, 947-954, 952, 953 
See also particular structures 
Forebrain bundle, medial, 1030 
Foregut, 38, 1402-1403, 1402 


Forel, fields of, 1029 
Fornix of cerebrum, 
1068-1069, 1068 
formation of, 1062 
Fossa cochlearis, 1329, 1330, 1331 
Fossa cranii. See Cronio!l fosso(e) 
Fossa incudis, 1323, 1324 
Fossa infratemporalis. See Infra- 
temporal fosso 
Fossa navicularis of vestibule of 
vagina, 97, 1581 
Fossa navicularis urethrae, 1547 
Fossa ovalis of heart, 629, 630 
Fossa ovalis of thigh. See Sophe- 
nous hiatus 
Fossa pterygopalatina. See Pterygo- 
palotine fosso 
Fossa temporalis, 159-160 
Fossa triangularis, 1316, 1316 
Fossa vestibuli vaginae, 97, 1581 
Fossula(e) tonsillaris(-es), 1438 
Fourchette, 1580, 1580 
Fourth nerve. See Trochleor nerve 
Fovea centralis, 1291, 1294, 1295 
structure of, 1301 
Fovea_ trochlearis. 
foveo 
Frenulum linguae, 1426, 1432 
Frontal bone, 191-194, 192, 193 
articulations of, 193, 194 
orbital plates of, 164, 170, 193, 193 
ossification of, 194, 194 
structure of, 194 
Frontal branch(es) of anterior cere- 
bral artery, 690-691 
Frontal branch(es) of callosomarginal 
artery, 1116, 1121, 1121 
Frontal branch(es) of middle cere- 
bral artery, 689, 691 
Frontal branch of middle meningeal 
artery, 679 
Frontal branch of superficial tempo- 
ral artery, 672, 677, 679 
Frontal branch of  supraorbital 
nerve, 1160 
Frontal crest, 193 
Frontal diploic vein, 814, 814 
Frontal eminence, 69, 162, 163, 192, 
192 
Frontal eye field, 1094-1095 
Frontal gyrus, inferior, 1037, 1038, 
1039-1040, 1041 
medial, 1038, 1045, 1046, 1046 
middle, 1037, 1038, 1039, 1041 
superior, 1037, 1038, 1039, 1041 
Frontal horn of lateral ventricle, 
1103, 1104, 1105, 1105, 1107 
Frontal lobe, inferior (orbital) sur- 
face of, 1048, 1048 
medial surface of, 1038, 1045, 1046, 
1046 
superolateral surface of, 1037, 
1038, 1039-1040, 1041 
Frontal nerve, 1156, 1160, 1166 
Frontal operculum, 1038, 1043-1044 
development of, 954, 954 
Frontal plane, 2, 3 


1045, 1046, 


See Trochlear 


Frontal pole of cerebrum, 1036 
Frontal process of maxilla, 162, 164, 
213, 216 
Frontal process of zygomatic bone, 
224, 225 
Frontal sinus(es), 174, 175, 176, 176, 
193, 194, 1361, 1363-1364, 1365 
surface markings for, 73, 73 
Frontal sinus braneh of frontal 
nerve, 1160 
Frontal sulcus, inferior, 1037, 1038, 
1039, 1041 
superior, 1037, 1038, 1039, 1041 
Frontal suture, 191-192, 192, 194 
Frontobasalartery. See Orbitofrontal 
ortery 
Frontoethmoidal suture, 165 
Frontolacrimal suture, 165 
Frontomaxillary suture, 165 
Frontonasal duct, 175-176, 175, 194, 
210, 1360-1362 
Frontonasal process, 48, 48, 50 
Frontonasal suture, 162 
Fronto-occipital fasciculus, inferior, 
1101, 1102, 1102 
superior, 1102, 1102 
Frontoparietal operculum, 1038, 1044 
development of, 954 
Frontopolar artery, 690, 691, 1116, 
1120-1121, 1121 
Frontopontine fiber(s), 1099, 1099 
Frontozygomatic suture, 70, 71, 158- 
159 
Froriep's ganglion, 956, 956 
Fundic gland(s), 1467-1468 
Fundiform ligament of penis, 483, 
487, 1562 
Fundus tympani, 1320 
Fungiform papilla(e), 1427, 1428 
Funiculus separans, 987, 988 
Funnel breast, 157-158 
Furcula, 1357, 1404 
Furrowed band, 993 
Fusiform gyrus, 1038, 1045, 1049 


Galea aponeurotica, 439, 440, 440, 
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Galen, great cerebral vein of, 806, 
807, 808 

Gallbladder, 1457, 1500-1501, 1501, 
1502, 1505 


lymphatics of, 869-870, 902 
position of, 86, 92, 93, 1449, 1452 
Gametogenesis. See Oogenesis; 
Spermatogenesis 
Gamma efferent(s), 593 
Ganglion impar, 1251, 1268 
Ganglion ridge. See Neurol crest 
Ganglion semilunare, 1150, 1159, 
1162 
Ganglion spinale, 1192, 1192 
Ganglion terminale, 1150 
Ganglionic branch(es) of internal 
carotid artery, 685 
Ganglionic branch(es) of middle 
meningeal artery, 680 


Gartner’s duct(s), 1522, 1523, 1568, 
1568 
Gasserian ganglion, 1150, 1159, 1162 
Gaster. See Stomoch 
Gastric artery(-ies), left, 
734, 736 
accessory, 734 
right, 734, 735, 736 
short, 736, 739 
Gastric branch(es) of right gastro- 
epiploic artery, 737 
Gastric branch(es) of vagus nerve, 
1188 
Gastric gland(s), 1467-1468, 1468, 
1469 
Gastric impression of liver, 1492, 
1493 
Gastric lymph node(s), 898, 899, 911 
Gastric pit(s), 1466, 1467 
Gastric plexus, 1252, 1270 
Gastric vein(s), left, 838, 839 
right, 839 
short, 837, 838 
Gastrocnemius, 576, 576, 582 
palpation of, 107, 110, 111, 112 
Gastrocnemius bursa, lateral, 405, 
406, 406 
medial, 406, 406 
Gastrocolic ligament, 1460 
Gastrocolic omentum. See Greoter 
omentum 
Gastroduodenal artery, 734, 735-736, 
736 
Gastroepiploic artery, left, 734, 736, 
739 
right, 734, 736, 737 
Gastroepiploic lymph node(s), left, 
911 
right, 898, 899, 911 
Gastroepiploic vein, left, 837, 838 
right, 838, 838 
Gastrohepatic omentum. See Lesser 
omentum i 
Gastrohepatosplenic trunk, 733 
Gastrophrenic ligament, 1453, 1455 
Gastrosplenic ligament, 919, 920 
Gastrosplenic trunk, 733 
Gemellus(-i), 567, 570 
Gene(s), 19 
Genetic code, 19 
Genicular artery, descending, 765, 
766, 769, 772 
inferior, lateral, 771, 772, 773, 774, 
776 
medial, 771, 772-773, 772, 774, 
778 
middle, 768, 772 
superior, lateral, 768, 772, 772, 776, 
778 
medial, 768, 770-772, 771, 772 
Geniculate body(-ies). See Loterol 
geniculate body; Medial ge- 
niculate body 
Geniculate ganglion, 1171, 1172 
Geniculate nucleus, lateral, 
1027, 1027 
medial, 1020, 1025-1026 


733-735, 


1020, 


Geniculocalcarine fiber(s), 1100 
Geniculum of facial nerve, 1170 
Genioglossus (geniohyoglossus), 1428, 
1429, 1430, 1432 
action of, 1430 
Geniohyoid branch of hypoglossal 
nerve, 1190 
Geniohyoid muscle, 459, 460 
Genital branch of genitofemoral 
nerve, 1227, 1228, 1229, 1267 
Genital cord, 1522 
Genital hiatus, 506 4) 
Genital organ(s), development of, 
1518-1525, 1518, 1519, 1520, 
1521, 1523, 1525 
female, 1566-1586 
external, 1579-1581, 1580 
male, 1548-1566 
See also particular structures 
Genital ridge, 1518, 1518 
Genital swelling(s), 1524 
Genital tubercle, 1524, 1525 
Genitocrural nerve, 1226, 1227, 1228, 
1229, 1244, 1265, 1266 
Genitofemoral nerve, 1226, 1227, 
1228, 1229, 1244, 1265, 1266 
Genitourinary system. See Urogeni- 
tol system; particular struc- 
tures 
Gennari, line of, 1086 
Genotype, 19 
Germ cell(s), 21 
primordial, 1518, 1522 
See also Ovum(-o); Spermato- 
zoon(-o) 
Germ disc, 31, 32, 34, 34 
Germ layer(s), 33-34 
Germinal center(s), 875, 875 
Germinal epithelium of ovary, 1568, 
1569 
development of, 1521-1522, 1521 
Germinal vesicle, 23 
Gestation. See Pregnoncy 
Giant cell(s) of Betz, 1078, 1079 
Gianuzzi, crescents of, 1436, 1436 
Gingiva(e), 1412, 1416 
Giraldés, organ of. See Porodidymis 
Glabella, 70, 71, 158, 162, 163, 192, 192 
Gladiolus. See Sternum, body of 
Glandula mandibularis. See Sub- 
mondibular glond(s) 
Glandula(e) sudorifera(e). See Sudo- 
riferous glond(s) 
Glandular branch(es) of facial ar- 
tery, 673 
Glans clitoridis, 98, 1581 
Glans penis, 97, 1561, 1562 
Glaserian fissure. See Petrotymponic 
fissure 
Glenohumeral ligament(s), 372, 373 
Glenoid cavity, 103, 231, 232 
Glenoid fossa. See Mandibulor 
fosso 
Glenoid labrum, 232, 371, 372, 373 
Glenoid ligament(s), 422 
Glisson’s capsule, 1495, 1497, 1500 
Globular process(es), 48, 48, 49, 50 
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Globus pallidus, 
1072, 1073 
afferent fibers to, 1074, 1074 
development of, 951 
efferent fibers from, 1074-1075, 
1074 
Glomerular capsule, 1533, 1534 
Glomerular vessel(s), afferent, 1534, 
1536 
efferent, 1536 
Glomerulus(-i), 1533, 1534 
of pronephros, 1515, 1516 


1071-1072. 1071, 


Glomus(-era) aorticum(-a), 1187, 
1246, 1608 

Glomus caroticum. See Corotid 
body 


Glomus coccygeum, 1608 
Glossoepiglottic fold(s), 1369, 1373 
Glossopalatine nerve, 1171 
Glossopalatinus, 1429, 1430, 1441 
Glossopharyngeal nerve (IX), 1150, 
1153t, 1178, 1181, 1182, 1183, 
1203 
branches of, 1178-1181 
communications of, 1178 
development of, 46-47, 955, 957, 
957 
parasympathetic efferent fibers of, 
1181, 1249-1250 
roots of, 978, 979 
tic douloureux of, 1181 
Glottis respiratoria, 1374 
Glottis vocalis, 1374 
Gluteal aponeurosis, 559, 566 
Gluteal artery, inferior, 749, 750, 757, 


758, 765, 768 
superior, 749, 750, 757-758, 757, 
765, 768 


Gluteal branch(es) of posterior fem- 
oral cutaneous nerve, 1236 
Gluteal fascia, 559 
Gluteal line(s), 262-263, 264, 266 
Gluteal nerve, inferior, 1235, 1236 
superior, 1235, 1236, 1238 
Gluteal tuberosity, 275, 277-279, 277 
Gluteal vein(s), inferior, 840-841 
superior, 840 
Gluteus maximus, 566-567, 566 
palpation of, 108, 110, 110 
Gluteus medius, 81, 567-568, 567 
Gluteus minimus, 567, 568 
Golgi, neurotendinous endings of, 
309 
Golgi apparatus (body, complex), 
8, 9 
Gomphosis(-es), 332-333 
Gonadotropin, chorionic, 54 
Graafian follicle(s), 25, 26, 1569, 1569, 
1578 
Gracilis, 558, 561, 563 
Granular foveola(e), 170, 189, 191, 
193 
Granular layer of cerebral cortex, 
external, 1076, 1077, 1078 
internal, 1077, 1077, 1078 
Granular layer of epidermis, 1347, 
1348 
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Gravid phase, 54 
Gray column, dorsal, development 
of, 936 
ventral, development of, 936, 937 
Gray ramus(-i) communicans(-tes), 
1192, 1193, 1253-1254, 1253 
of lumbar trunk, 1265 
of thoracic trunk, 1263 
Gray substance, 957 
Great anterior medullary artery, 969 
Great anterior medullary vein, 975 
Great auricular nerve, 79, 80, 1200, 
1201, 1201 
Great cardiac nerve, 1258, 1259 
Great cardiac vein, 661, 664, 798, 798 
Great cerebral vein, 806, 807, 808 
Great pancreatic artery, 737, 739 
Great posterior medullary vein, 976 
Great saphenous vein, 108, 109, 110, 
111, 112, 845-846, 846 
Great scapular notch, 230 
Great sciatic nerve. See Sciatic 
nerve 
Greater alar cartilage, 1359, 1359, 
1360 
Greater cavernous nerve, 1272 
Greater occipital nerve, 1194, 1194, 
1201 
Greater omentum, 1450, 1455, 1460 
development of, 1408-1409, 1408, 
1409 
lymphatics of, 898 
position of, 1449, 1450 
Greater palatine artery, 681 
Greater palatine canal, 214, 215, 220 
Greater palatine foramen, 167, 168 
Greater palatine groove, 220, 220 
Greater palatine nerve, 1164, 1168 
Greater pelvis, 271 
Greater petrosal nerve, 1163, 1168, 
md 2, 14721173 
Greater sac of peritoneum, 1452 
Greater sciatic foramen, 267, 273, 
360, 361, 362, 363 
Greater sciatic notch. See under 
Sciatic notch(es) 
Greater splanchnic nerve, 1184, 1248, 
1252, 1261, 1262, 1263-1264, 
1265, 1266 
Greater superficial petrosal nerve, 
1163, 1168, 1172, 1172, 1173 
Greater trochanter. See under Tro- 
chanter 
Greater vestibular gland(s), 97, 1581 
development of, 1521 
Ground substance, 308 
Growth hormone, 1604 
Gubernaculum dentis, 1424 


Gubernaculum testis, 1519-1520, 
1520, 1521 

Gullet. See Esophagus 

Gum(s), 1412, 1416 

Gustatory caliculus(-i). See Taste 


bud(s) 
Gustatory cell(s), 1284, 1285 
Gustatory hair, 1285 
Gustatory pore, 1285 
Gustatory receiving area, 1090-1091 


Gynecomastia, 1586 

Gyrencephalic cerebral surface, 1036 

Gyrus ambiens, 950, 950 

Gyrus(-i) brevis(-es) insulae, 1043, 
1044 

Gyrus fasciolaris, 1060, 1063 

Gyrus longus insulae, 1043, 1044 

Gyrus rectus, 1045, 1048, 1048 

Gyrus semilunaris, 950, 950 


H zone, 594, 595, 596, 597 
Habenular commissure, 1018, 1019, 
1027 
Habenular nucleus(-i), 1027-1028 
Habenular trigone, 1018, 1027-1028, 
1028 
development of, 948 
Habenulopeduncular tract, 1028 
Hair, 1346, 1351-1353, 1351 
development of, 1345 
Hair bulb, 1346, 1351, 1351, 1352 
Hair cell(s), 1337-1338, 1337 
Hair follicle, 1351-1352, 1351 
Haller, vas aberrans of. See Duc- 
tulus(-i) aberrans(-tes) 
Hamate bone, 249, 250, 253-254, 254 
articulations of, 254, 254 
ossification of, 259, 260, 261 
palpation of, 102-103 
Hamstring(s), lateral, 567, 572 
medial, 567, 572 
Hamstring muscle(s). See Biceps 
femoris; Semimembranosus; 
Semitendinosus 
Hamulus laminae spiralis, 1329, 1331 
Hand, arteries of, 722-724, 722, 723, 
729, 727-728 
bones of, 249-260, 249, 250, 255, 
256, 263 
foot bones compared, 305-306 
ossification of, 259-260, 260, 261, 
262 
variations, 260 
compartments of, 546-548, 547 
fasciae of, 541-542, 543-546 
fascial clefts of, 548-550, 549 
joints of, 386-390, 386, 389 
lymphatics of, 887, 888, 889 
muscles of, 550-556, 551, 553 
nerves of, 1215-1217, 1215, 1216, 
1217-1219, 1218, 1219, 1221 
tendon sheaths of, 104, 533-534, 
542-543, 542, 544 
veins of, 823-824, 823 
Haploid number, 15 
Hare lip, 49-50 
Hassall’s body(-ies), 925, 926, 927 
Haustra(e), 1485, 1486 
Haversian canal(s), 318, 319, 319 
Haversian system(s), 317, 318 
Head, arteries of, 666-709 
bones of. See Skull 
lymphatics of, 879-884, 880, 881, 
885 
muscles and fasciae of, 437-451 
development of, 430 
surface anatomy of, 69-73, 70, 72, 
73 


veins of, 801-816, 801, 815 
Head fold, 38, 39 
Heart, 606-644 
apex of, 625, 627 
arteries of, 662-664, 664 
base of, 625-626, 628 
chambers of, 627-635, 629, 631, 
632, 635 
conduction system of, 637-640, 
638, 639 
histology of, 641-643 
congenital malformations of, 644 
development of, 38-41, 39, 41, 606- 
618, 607-618 
fibrous skeleton of, 636, 636 
lymphatics of, 870, 892-893 
margins of, 626-627 
muscle of. See Myocardium 
pacemaker of, 637 
parasympathetic efferent fibers to, 
1250 
roentgenographic appearance of, 
625 
sides of, 625 
size of, 623 
surface markings for, 84-85, 84, 85 
surfaces of, 626, 627, 628 
veins of, 664, 798-799, 798 
wall of, 623-624, 636-637, 636 
Heart sound, first, 639 
second, 640 
Heart tube, formation of, 606-609, 
607, 608, 609, 611 
Heidenhain, demilunes of, 1436, 1436 
Helicine artery(-ies), 1563, 1564 
Helicis major, 1317, 1317 
Helicis minor, 1317, 1317 
Helicotrema, 1331, 1331 
Helix, 1315, 1316 
Hemal node(s), 875 
Hematoencephalic barrier, 1130 
Hemiazygos vein, 827, 828 
accessory, 828 
development of, 791 
development of, 791 
Hemispheric branch(es) of superior 
cerebellar artery, 1011-1012, 
1011 
Hemocytoblast(s), primitive, 41 
Hemorrhoidal artery. See Rectal 
artery 
Hemorrhoidal nerve, inferior, 1244 
Hemorrhoidal nervous plexus, mid- 
dle, 1271 
Hemorrhoidal venous plexus. See 
Rectal venous plexus 
Hemorrhoids, 1485 
Henle, layer of, 1352, 1352 
ligament of, 491 
loop of, 1533, 1534 
development of, 1517 
Hensen, canalis reuniens of, 1332, 
1332, 1333 
cells of, 1338 
node of, 34, 34, 35, 934 
stripe of, 1338 
zone of. See H zone 
Hepar. See Liver 


Heparin, 307 
Hepatic artery, 734, 735, 736 
common, 734, 735 
intrahepatic distribution of, 1495, 
1499 
left, 734, 735, 738 
aberrant, 734-735 
middle, 738 
proper, 734, 735, 735 
right, 734, 735, 737-738 
variations of, 735 
Hepatic branch(es) of vagus nerve, 
1188-1189 
Hepatic cells, 1499 
Hepatic cylinder(s), 1489-1490 
Hepatic duct, 1495, 1500, 1501, 1505 
lymphatics of, 870 
Hepatic flexure. See Colic flexure, 
right 
Hepatic lymph node(s), 898, 911 
Hepatic plexus, 1270 
Hepatic sinusoid(s), 836, 1499-1500, 
1499 
development of, 1490 
Hepatic triad, 1495-1496, 1495 
Hepatic vein(s), 827, 833, 836, 1496, 
1497, 1500 
development of, 793, 793, 794 
Hepatoduodenal ligament, 1457, 
1459 
Hepatogastric ligament, 1459 
Hepatogastric trunk, 733 
Hepatosplenic trunk, 733 
Hering, nerve of, 1180, 1181 
Hernia(s), diaphragmatic, 482 
femoral, 110 
hiatal, 482 
inguinal, 95, 496-497, 1556-1557, 
1556 
umbilical, 63 
Heschl, transverse temporal gyri of, 
1043 
Hesselbach, interfoveolar ligament 
of, 492, 496-497 
triangle of, 95, 97, 497 
Heubner, recurrent artery of, 690, 
1110, 1120, 1121 
Heuser’s membrane, 31, 32, 33 
Hiatal hernia, 482 
Hiatus for greater petrosal nerve, 
172 
Hiatus for lesser petrosal nerve, 172 
Hiatus saphenous, 110, 483, 559, 560, 
960 
Hiatus semilunaris, 175, 175, 1360, 
1361 
Hiatus tendineus, 565 
Highest intercostal artery, 683, 709 
Highest nuchal line, 166, 186, 186 
Highmore, antrum of. See Moxillory 
sinus 
Hindbrain, development of, 941-946, 
947 
See also Cerebellum; Medullo ob- 
longoto; Pons 
Hindgut, 38, 39, 1402-1403, 1402 
Hip bone, 261-270, 263, 264, 265, 266 
articulations of, 270 


ossification of, 270, 270, 271 
palpation of, 107 
structure of, 270 
See also Acetobulum; Ilium; Is- 
chium; Pubis 
Hip joint, 390-397, 391, 392, 393, 394, 
395, 396 
arteries to, 395 
bursae of, 564 
ligaments of, 390-394, 391, 392, 
393, 394 
movements of, 395-397, 571 
nerves to, 395 
palpation of, 110 
structures surrounding, 394, 396 
synovial membrane of, 394, 395 
Hippocampal commissure. See 
Commissure of fornix 
Hippocampal digitations, 1064, 1108, 
1108 
Hippocampal formation, 1061-1069, 
1064, 1065, 1066, 1067, 1068 
connections and functions of, 1067- 
1069 
development of, 950-951, 1061- 
1062, 1061, 1062 
fields, 1065, 1067 
Hippocampal gyrus. See Porohip- 
pocompol gyrus 
Hippocampal sulcus, 951, 1062 
Hippocampus. See Cornu ommonis 
His, atrioventricular bundle of, 638- 
639, 638, 639 
furcula of, 1357, 1404 
Histamine, 307 
Histiocyte(s), 306, 307 
Histology, 2 
Horizontal cell(s) of Cajal, 1076 
Horizontal cell(s) of retina, 1299, 
1299 
Horizontal fissure of cerebellum, 
989-990, 990, 991, 992, 994 
development of, 946 
Horizontal plane, 2 
Horizontal plate of palatine bone, 
219, 219, 220 
Horizontal ramus of lateral sulcus, 
anterior, 1037, 1037, 1038 
Horizontal semicircular canal. See 
Lotero! semicirculor conol 
Hormone(s), 1596 
See also particular hormones 
Houston’s valve(s), 1483-1484, 1485 
Howship’s lacuna(e), 117, 118, 323 
Huguier, canal of, 1320 
Humeral artery, circumflex, ante- 
rior, 712, 713, 714-715, 714 
posterior, 712, 713, 714, 714 
Humeral ligament, transverse, 372, 
383 
Humeroradial joint, 375 
movements of, 379 
palpation of, 104 
See also Elbow joint 
Humeroulnar joint, 375 
movements of, 378-379 
palpation of, 104 
See also Elbow joint 
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Humerus, 233-240, 233, 234, 235, 236, 
237 
fractures of, 239-240 
nutrient arteries of, 718, 719 
ossification of, 237, 238, 239, 245 
palpation of, 99-101, 100, 101, 102 
structure of, 237, 239 
variations in, 239 
Humphrey, ligament of, 403 
Hunter, adductor canal of, 109, 110, 
763 
Huschke, foramen of, 201, 202 
Huxley's layer, 1352, 1352 
Hyaline cartilage, 311-313, 312 
Hyaloid artery, 1288 
Hyaloid canal, 1291, 1302 
Hyaluronic acid, in ground sub- 
stance, 308 
Hydatid(s) of Morgagni. See Testicu- 
lor oppendix; Vesicular ap- 
pendix(-ces) 
Hydrocele, 1556 
Hydrocephalus, 1130 
Hymen, 97, 1580, 1581 
Hyoepiglottic ligament, 1369 
Hyoglossal membrane, 1431 
Hyoglossus, 1428-1429, 1429, 1430, 
1433 
action of, 1430 
Hyoid arch, 39, 46, 46, 47, 50 
Hyoid arch artery, 655 
Hyoid bone, 74, 76, 183-185, 185 
Hyoid musculature branch(es) of 
cervical plexus, 1202 
Hyothyroid ligament. See Thyrohy- 
oid ligament 
Hyothyroid membrane, 1368, 1369, 
1370 
Hyparterial bronchus, 1378, 1387 
Hyperextension, 335-336 
Hyperphagia, 1032 
Hypersthenic body type, 69 
Hypochondriac region(s), 88, 91 
Hypochordal bar, 122 
Hypogastric artery. See Internol! 
ilioc artery 
Hypogastric branch of iliohypogas- 
tric nerve, 1227 
Hypogastric nerve(s), 1271 
Hypogastric plexus, 1227, 1252, 1266, 
1267, 1271 
Hypogastric region, 88, 91 
Hypogastric vein, 840, 841, 844 
Hypoglossal artery(-ies), 656 
Hypoglossal canal, 169, 171, 173, 186, 
187, 188 
Hypoglossal nerve (XII), 1150, 1153t, 
1181, 1183, 1190-1191, 1191, 
1200, 1203, 1256 
descending, 1190, 1191, 1200 
development of, 956, 956, 957, 
957 
nucleus of, 988 
roots of, 978, 979 
surface markings for, 78 
Hypomastia, 1585 
Hypophyseal artery(-ies), 685 
Hypophyseal cartilage(s), 123 
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Hiypophyseal fossa, 171, 172, 176, 
203, 203 
Hypophysis cerebri, 1600-1604 
anatomy of, 1601-1602, 1601, 1602t, 
1603 
development of, 949, 949, 1600- 
1601, 1600 
function of, 1604 
hypothalamic connections to, 
1033, 1033 
nerves of, 1604 
vessels of, 1602 
Hypospadias, 1547-1548 
Hyposthenic body type, 69 
Hypothalamic branch(es) of poste- 
rior communicating artery, 
1114 
Hypothalamic 
1031, 1032 
dorsal, 1032 
lateral, 1031 
posterior, 1033 
Hypothalamic region, lateral, 1032 


nucleus, anterior, 


Hypothalamic sulcus, 948, 1017, 
1019, 1035 
Hypothalamus, 1019, 1029-1034, 


1030, 1032, 1033 
development of, 944, 946, 948-949, 
949 
effects of lesions involving, 1032- 
1033 
hypophysial connections to, 1033, 
1033 
Hypothenar compartment, 547, 547 
Hypothenar muscle(s), 552-554 
Hypothenar septum, 546 
Hypothyroidism, 1598 


I bands, 593-594, 595, 596 
Idiogram of chromosomes, 16 
Ileal artery(-ies), 741, 743 
Ileal branch of ileocolic artery, 742, 
742 
(leal lymph node(s), 912 
Ileal vein, 838 
[leocecal fold(s), 1462, 1462, 1463 
Ileocecal fossa(e), 1462, 1462, 1463 
Ileocecal valve, 1481-1482, 1481 
structure of, 1485-1487 
Ileocolic artery, 740, 741-742, 742 
Ileocolic junction, 90 
Ileocolic lymph node(s), 900, 901, 912 
[leocolic vein, 838 
Ileum, 1472-1473 
lymphatics of, 898 
position of, 90 
structure of, 1477 
[liac anastomosis, 791 
Iliac artery(-ies). See Circumflex 
ilioc ortery; Common. iliac 
ortery; Externol ilioc ortery; 
Internal ilioc ortery 
branch of _ iliohypogastric 
nerve, 1227, 1228 
Iliac branch of iliolumbar artery, 756 
[liac branch(es) of obturator artery, 
793 
Iliac bursa, subtendinous, 557, 564 


lliac 


[liac circumflex artery, deep, 750, 
760, 765 
superficial, 763, 764, 766 
Iliac circumflex vein(s), deep, 845 
superficial, 846, 846, 847 
Iliac crest, 264-265, 264, 266 
palpation of, 80, 81, 83, 87, 88, 107, 
107, 110 
Iliac fascia, 495, 556 
Iliac fossa, 264, 265 
Iliac lymph node(s), circumflex, 908 
common, 897, 908, 909, 910 
external, 892, 897, 907-908, 909, 910 
internal, 892, 903, 906, 907, 908, 908, 
909, 910 
Iliac region(s), 88, 91 
Iliac spine(s), inferior, anterior, 264, 
265-267, 266 
posterior, 264, 266, 267 
superior, anterior, 87, 88, 107, 107, 
264, 264, 265, 266 
posterior, 80, 107, 264, 264, 266, 
267 
Iliac tubercle, 107, 265 
Iliac tuberosity, 264, 265 
[liac vein(s), circumflex, deep, 845 
superficial, 846, 846, 847 
common, 791, 827, 840, 841, 844 
external, 827, 841, 844-845 
internal, 840, 841, 844 
Iliacus, 558, 558 
Iliacus minor, 558 
Iliocapsularis, 558 
[liococcygeus, 499, 499 
lliocostalis cervicis, 467, 468, 472 
Iliocostalis lumborum, 467, 468 
Iliocostalis muscle(s), 467, 468 
Iliocostalis thoracis, 467, 468 
Iliofemoral ligament, 391-392, 391, 
392, 393 
lliohypogastric nerve, 96, 1224, 1226, 
1227,1227,el22ee 122955 1237, 
1265, 1266, 1267 
optimal point for blocking, 1228 
variations of, 1229 
Ilioinguinal nerve, 96, 1226, 1227- 
1228, 1227, 1228, 1229, 1230, 
1265, 1267 
variations of, 1229 
Iliolumbar artery, 749, 750, 756, 765 
Iliolumbar ligament, 359, 361, 362 
Iliolumbar vein, 840, 841 
[liopectineal arch, 557 
Iliopectineal bursa, 564 
lliopectineal eminence, 264, 266, 267, 
269 
lliopectineal fascia, 557 
Iliopectineal line, 269 
[liopsoas muscle, 557 
Iliopubic tract. See Deep crurol orch 
[liosacralis, 500 
[liotibial band (tract), 110, 110, 559 
[liotrochanteric ligament, 392 
Ilium, 261-267, 263, 264, 265, 266 
ossification of, 270, 270 
palpation of, 88, 89, 90, 93 
See also Ilioc crest; Hiac spine(s) 
Implantation, 30-33, 30, 31, 32 


INA Jena Nomina Anatomica), 5 
Inca. See Interporietol bone 
Incisive bone, 217-218, 217 
Incisive branch of inferior alveolar 
nerve, 1169 
Incisive canal, 173, 174, 215, 217, 217 
See also Incisive foromen 
Incisive foramen, development of, 49 
lateral (of Stenson), 167, 168, 217, 
217 
median (of Scarpa), 167, 168, 217, 
217 
See also Incisive canol 
Incisive fossa, 163, 167, 179, 212, 213, 
VAS He) Wy 3 
Incisive suture, 217, 217 
Incisivus labii inferioris, 445, 446 
Incisivus labii superioris, 445-446, 
445 
Incisor(s), 1414, 1415-1417, 1415 
Incisor branch of inferior alveolar 
artery, 678 
Incisor crest, 218 
Incisura cardiaca of stomach, 1464, 
1464 
Inclusion(s), cytoplasmic, 10 
Incremental lines, 1418-1419 
Incudomalleolar joint, 1326 
Incudostapedial joint, 1326 
Incus, 1325-1326, 1325, 1326 
development of, 46, 47, 1313 
Index artery, radial, 720, 723, 725, 727 
Induction, 934 
Indusium griseum, 1060, 1062-1064 
Infarct, 650 
Infection(s) of hand, spread of, 549- 
590 
Inferior alveolar artery, 678-679, 679 
Inferior alveolar nerve, 1166, 1168, 
1169 
variations of, 1169 
Inferior alveolar vein, 804 
Inferior anastomotic vein, 806 
Inferior articular process. See Artic- 
ulor process(es) 
Inferior auricular lymphatic ves- 
sel(s), 881 
Inferior basal vein, of left lung, 795, 
796 
of right lung, 795, 796 
Inferior biceps femoris bursa, 406 
Inferior cardiac branch(es) of vagus 
nerve, 1187 
Inferior cardiac nerve, 1260 
Inferior caroticotympanic 
1178, 1328 
Inferior cerebellar artery, anterior, 
689, 693, 700-701, 700, 1007, 
1008, 1010 
posterior, 689, 699, 700, 1008, 1009, 
1014 
Inferior cerebellar peduncle(s), 977, 
980, 983, 986, 996, 997, 998 
Inferior cerebellar vein(s), 807-808 
Inferior cerebral vein(s), 805, 806 
Inferior cervical sympathetic gan- 
glion, 1181, 1183, 1204, 1252, 
1258, 1259-1260 


nerve, 


Inferior clunial branch(es) of poste- 
rior femoral cutaneous nerve, 
1236 
Inferior colliculus(-i), 987, 999, 1004 
brachium of, 999, 1004, 1025 
development of, 947 
nucleus of, 1002, 1004 
Inferior deep cervical lymph 
node(s), 880, 882, 883, 885, 887 
Inferior dental nerve. See Inferior 
olveolor nerve 
Inferior division bronchus, 1378 
Inferior duodenal fossa, 1460, 1461 
Inferior epigastric artery, 95, 97, 750, 
759-760, 759, 765 
Inferior epigastric vein, 841, 845 
Inferior extensor retinaculum, 574, 
581, 582, 583 
Inferior fovea, 987, 988 
Inferior frontal gyrus, 1037, 1038, 
1039-1040, 1041 
Inferior frontal sulcus, 1037, 1038, 
1039, 1041 
Inferior fronto-occipital fasciculus, 
1101, 1102, 1102 
Inferior ganglion of glossopharyn- 
geal nerve, 1178 
Inferior ganglion of vagus nerve, 
1182, 1183 
Inferior gemellus, 567, 570 
Inferior genicular artery, lateral, 771, 
772, 773, 774, 776 
medial, 771, 772-773, 772, 774, 778 
Inferior glenohumeral ligament, 372, 
373 
Inferior gluteal artery, 749, 750, 757, 
798, 765, 768 
Inferior gluteal line, 263, 264, 266 
Inferior gluteal nerve, 1235, 1236 
Inferior gluteal vein(s), 840-841 
Inferior hemorrhoidal artery, 754, 
799 
Inferior hemorrhoidal nerve, 1244 
Inferior horn of lateral ventricle, 
1103, 1104, 1105-1108, 1105, 
1107, 1108 
Inferior hypogastric plexus, 1271 
Inferior hypophyseal artery, 685 
Inferior ileocecal fold, 1462, 1462, 
1463 
Inferior ileocecal fossa, 1462, 1462, 
1463 
Inferior iliac spine(s). 
llioc spine(s) 
Inferior jugular bulb, 818 
Inferior labial artery, 674, 674, 679 
Inferior labial vein, 801, 802 
Inferior lacrimal duct, 1312 
Inferior lacrimal gland, 1311, 1311 
Inferior laryngeal artery, 703 


See under 


Inferior laryngeal nerve(s), 1183, 
1187, 1204 

Inferior lateral occipital gyrus(-i), 
1037, 1042 


Inferior lateral sacral artery, 756-757 

Inferior lingular segmental artery, 
661 

Inferior lingular vein, 796 


Inferior lobe bronchus, left, 1378 
right, 1378 
variations in branching of, 1389 
Inferior longitudinal fasciculus, 
1101, 1102, 1103 
Inferior longitudinal muscle of 
tongue, 1430, 1430, 1432 
Inferior macular artery, 1302 
Inferior maxillary nerve. See Man- 
dibulor nerve 
Inferior medullary velum, 985, 985, 
986, 991, 992, 994, 996 
Inferior mesenteric artery, 732, 743, 
744, 745 
collateral circulation for, 744-745 
development of, 657 
surface markings for, 96, 97 
Inferior mesenteric ganglion, 1248, 
1266, 1268 
development of, 955 
Inferior mesenteric lymph node(s), 
901, 909, 909, 912 
Inferior mesenteric plexus, 1227, 
1252, 1271 
Inferior mesenteric vein, 837, 838 
Inferior nasal branch(es) of pterygo- 
palatine nerve, posterior, 1164 
Inferior nasal concha. See under 
Naso! concho 
Inferior nasal meatus, 174, 175, 176, 
1361, 1362 
Inferior nuchal line, 166, 170, 186, 186 
Inferior oblique muscle of eyeball, 
1305, 1305, 1306, 1307 
Inferior oblique muscle of head, 472, 
474-475, 474 
Inferior occipital fossa(e), 173 
Inferior occipitofrontal fasciculus, 
1101, 1102, 1102 
Inferior olivary nucleus, 943, 979 
Inferior omental recess, 1456 
Inferior ophthalmic vein, 813, 815 
Inferior orbital fissure, 160, 161, 162, 
165, 206 
Inferior palpebral arch, 687 
Inferior palpebral artery, lateral, 685 
medial, 687 
Inferior palpebral branch(es) of 
maxillary nerve, 1162, 1165 
Inferior palpebral vein, 801, 802 
Inferior pancreaticoduodenal artery, 
736, 740-741 
Inferior pancreaticoduodenal vein(s), 
839 
Inferior parietal lobule, 1037, 1038, 
1040-1041, 1041 
Inferior pectoral nerve, 1205, 1208, 
1209, 1214 
Inferior pericardiosternal ligament, 
623 
Inferior peroneal retinaculum, 582, 
584 
Inferior petrosal sinus(es), 171, 173, 
187, 188, 810, 812, 813, 815 
Inferior pharyngeal constrictor, 
1429, 1443, 1444, 1445, 1445 ° 
Inferior phrenic artery, 732, 746-747 
Inferior phrenic vein, 827, 836 
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Inferior polar artery, 739 

Inferior pontine sulcus, 981 

Inferior position, 2, 3 

Inferior pudendal branch of poste- 
rior femoral cutaneous nerve, 
1236-1238 

Inferior pulmonary vein, left, 795, 
796-797 

right, 795, 796 

Inferior rectal artery, 754, 755 

Inferior rectal nerve, 1244 

Inferior rectal vein(s), 841, 842, 843 

Inferior sagittal sinus, 810, 810, 815 

Inferior semilunar lobule(s), 990, 992, 
995 

Inferior striate vein(s), 807 

Inferior subscapular nerve, 1205, 
1208, 1209 

Inferior suprarenal branch(es) of 
renal artery, 746 

Inferior tarsus, 1309, 1309 

Inferior temporal gyrus, 1037, 1038, 


1043 

Inferior temporal line, 159-160, 159, 
189, 192, 192 

Inferior temporal sulcus, 1037, 1038, 
1042 


See also Occipitotemporo! sulcus 
Inferior thyroarytenoid ligament(s), 
1371-1373 
Inferior thyroid artery, 668, 695, 703 
Inferior thyroid vein(s), 817, 820, 827, 


829 
Inferior tibiofibular joint, 409, 410 
Inferior tracheobronchial lymph 


node(s), 895, 895, 896 
Inferior transverse ligament, 409, 412 
Inferior transverse scapular liga- 

ment, 370 
Inferior tympanic artery, 671 
Inferior ulnar collateral artery, 717, 

718, 719 
Inferior vena cava, 832-834, 833 

collateral circulation for, 834 
development of, 611, 612, 616, 789, 
790-791 
double, 834 
opening of, 628-630, 629 
persistent left, 834 
preureteral, 834 
valve of, 629, 630, 832 
Inferior vertebral notch. See Verte- 
brol notch(es) 
Inferior vesical artery, 749, 750, 751 
Infra-anal fascia, 501, 503, 504, 505 
Infraglenoid tubercle, 231, 231 
Infrahyoid branch of superior thy- 

roid artery, 668, 670 
Infraorbital artery, 679, 681 
Infraorbital branch(es) of facial 

nerve, 1176-1177 
Infraorbital canal, 164, 214 
Infraorbital foramen, 162, 163, 213, 

213 
Infraorbital groove, 164, 165, 213, 214 
Infraorbital nerve, 1162, 1164, 1165, 

1176 

surface markings for, 72, 72 
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Infraorbital plexus, 1165 
Infraorbital vein, 804 
Infrapatellar branch of saphenous 
nerve, 1232-1233 
Infrapatellar bursa, deep, 404, 406, 
963 
subcutaneous, 406 
Infrapatellar fat pad, 404, 405 
Infrapatellar synovial fold, 405 
Infraspinatous fossa, 99, 101, 228, 
230 
Infraspinatus bursa, 373-374 
Infraspinatus fascia, 523 
Infraspinatus muscle, 523-524, 523 
Infrasternal angle, 147, 151 
Infrasternal notch, 82 
Infratemporal crest, 160, 160, 205 
Infratemporal fossa, 161, 205 
Infratemporal lymphatic vessel(s), 
881 
Infratrochlear nerve, 
1164, 1176 
Infundibular nucleus, 1031, 1032 
Infundibular process, in develop- 
ment of hypophysis, 1600 
Infundibular recess, 1035 
Infundibular region, 1031-1033 
Infundibuliform fascia. See Internal 
spermatic foscia 
Infundibulopelvic ligament. See Sus- 
pensory ligament of ovory 
Infundibulum of hypothalamus, 
1030, 1031, 1032 
Infundibulum of nose, 174, 175, 175, 
210, 1360-1362, 1361 
Inguinal canal, 88, 97, 497 
Inguinal crest, 1519 
Inguinal falx, 489, 490-491, 490, 491, 
492 
Inguinal fold, 1519 
Inguinal fovea, lateral, 496 
medial, 496 
Inguinal hernia(s), 95, 496-497, 1556- 
1557, 1556 
Inguinal ligament, 83, 86, 87, 88, 90, 
93, 485-486, 487 
reflected, 486-487, 487-490 
Inguinal lymph node(s), 916-917, 916 
deep, 916-917, 916 
superficial, 915, 916, 916 
Inguinal region(s), 88, 91 
Inguinal ring, abdominal (deep, in- 
ternal), 88, 97, 496, 497 
superficial, 88, 97, 486, 487, 487, 488 
Inguinal triangle, 95, 97, 497 
Inion, 69, 70, 71, 75, 166 
Inner cell mass of blastocyst, 28, 30 
Inner ear. See Labyrinth 
Inner germ layer, 33 
Innermost intercostal muscle(s). See 
Intercostales intimi 
Innominate artery, 659, 665-666 
Innominate bone. See Hip bone 
Inspiration, movements in, 481, 482 
Insula, 1043-1044, 1043 
development of, 954 
sulci and gyri of, 1043, 1044 
Insular artery(-ies), 1116 
Insulin, 1506 


1158, 1161, 


Integument. See Skin 

Integumentary system, 5 

Interalveolar septum(-a), 181 

Interatrial defect(s), 644 

Interatrial groove, 625 

Interatrial septum, 630 

Intercalated disc(s), 640-641, 642, 643 

Intercapitular vein(s), 824 

Intercarotid plexus, 1257 

Intercarpal joint(s), 382, 383, 384-386 

Intercarpal ligament(s), dorsal, 384, 
385 

palmar, 384, 385 

Intercavernous sinus(es), 812, 813 

Interchondral joint(s), 356-357, 356 

Interchondral ligament(s), 356, 357 

Interclavicular ligament, 367, 367 

Interclinoid ligament, 208 

Intercoccygeal joint(s), 359 

Intercolumnar fascia. See Externol 
spermatic foscio 

Intercondylar area(s) of tibia, 284, 


286 

Intercondylar eminence, 284, 284, 
285 

Intercondylar fossa of femur, 277, 
278, 279, 280 


Intercondylar line, 279 
Intercondylar tubercle, lateral, 284- 
286 
medial, 284-286 
Intercornual ligament(s), 359 
Intercostal artery(-ies), anterior, 85, 
707, 708 
development of, 657 
posterior, 85, 709, 729, 730 
supreme, 683, 709 
Intercostal branch of posterior inter- 
costal artery, collateral, 730- 
731 
Intercostal lymph node(s), 892, 894 
Intercostal lymphatic vessel(s), 891, 
892 
Intercostal membrane(s), external, 
476 
internal, 477 
Intercostal muscle(s), 475-477, 476 
See also Intercostales externi; 
Intercostales interni 
Intercostal nerve(s). See Thoracic 
nerve(s) 
Intercostal space(s), 149, 153 
Intercostal vein(s), anterior, 85, 826 
posterior, 85, 826, 827 
superior. See Superior intercostol 
vein 
Intercostales externi, 476, 476 
action of, in respiration, 476, 481 
Intercostales interni, 476-477, 476, 
478 
action of, in respiration, 477, 481, 
482 
Intercostales intimi, 476, 477 
Intercostobrachial nerve, 1208, 1210, 
1211, 1212, 1214, 1223, 1224- 
1225, 1224 
Intercrural fascia. See 
spermotic fascia 
Intercrural fiber(s), 485, 487, 487, 488 


External 


Intercuneiform joint(s), 419 
synovial cavity of, 418, 421 
Intercuneiform ligament(s), dorsal, 
419 
interosseous, 419 
plantar, 419 
Interdigital ligament, 545-546 
Interfoveolar ligament, 492, 496-497 
Interglobular space(s), 1419, 1419 
Interlobar artery(-ies) of kidneys, 
1532, 1534, 1535 
Interlobar artery(-ies) of lungs, 660, 
660, 661 
Interlobar trunk, 659, 660 
Interlobar vein(s), 1532, 1534, 1536 
Interlobular artery(-ies) of kidneys, 
1532, 1534, 1535-1536 
Interlobular branch(es) of hepatic 
artery, 1499 
Interlobular plexus(es) of liver, 1499 
Interlobular vein(s) of kidneys, 1532, 
1534, 1536 
Intermediate cell mass, 44 
Intermediate cervical sympathetic 
ganglion, 1257 
Intermediate cuneiform bone. See 
under Cuneiform bone 
Intermediate cutaneous nerve of 


thigh, 1232 

Intermediate deep temporal nerve, 
1167 

Intermediate dorsal cutaneous 


nerve, 1242, 1243 
Intermediate olfactory stria, 1052- 
1053, 1052, 1053 
Intermediate palmar septum, 548 
Intermediate sacral crest(s), 140, 140 
Intermediate spinal vein(s), poste- 
rior (posterolateral), 832, 974 
Intermediate sulcus, posterior, 961, 
962, 963, 963 
Intermediate supraclavicular nerve(s), 
1201, 1202, 1210 
Intermediate tarsometatarsal joint 
cavity, 418, 419-420 
Intermediate temporal artery, 691, 
1115, 1177 
Intermediate temporal branch of lat- 
eral occipital artery, 1113, 
1116 
Intermediomedial frontal branch of 
callosomarginal artery, 1116, 
1121, 1121 
Intermetacarpal joint(s), 388 
Intermetatarsal joint(s), 417, 418, 421 
Intermetatarsal ligament(s), dorsal, 
421 
interosseous, 421 
plantar, 417, 421 
Intermuscular septum(-a), 432, 433 
Internal acoustic meatus, 171, 173, 
195, 199 
Internal anal sphincter, 512, 1485, 
1486, 1487, 1488 
palpation of, 96, 98 
Internal auditory artery, 689, 693, 
700, 1339 
Internal auditory meatus, 171, 173, 
195, 199 


Internal auditory vein, 1339 
Internal band of Baillarger, 1078 
Internal calcaneal branch(es) of tib- 
ial nerve, 1238, 1240 
Internal capsule, 1097, 1098-1100, 
1098, 1099, 1101 
Internal carotid artery, 73, 78, 80, 
682-684, 683, 684, 692 
development of, 651-655, 652, 653 
variations of, 683-684 
Internal carotid nerve, 1183, 1254 
Internal carotid plexus, 1157, 1254- 
1255 
Internal carotid venous plexus, 816 
Internal cerebral vein(s), 806, 807, 
808 
Internal cutaneous nerve of thigh, 
1232 
Internal ear. See Labyrinth 
Internal elastic membrane of artery, 
851, 851, 852 
Internal elastic membrane of tho- 
racic duct, 871-873 
Internal granular layer, 1077, 1077, 
1078 
Internal iliac artery, 749-750, 749, 
700 
changes in, at birth, 621, 750 
collateral circulation for, 750 
in fetus, 619, 620, 749-750 
variations in branching pattern of, 
751 
Internal iliac lymph node(s), 892, 
903, 906, 907, 908, 908, 909, 910 
Internal iliac vein, 840, 841, 844 
Internal inguinal ring, 88, 97, 496, 497 
Internal intercostal membrane(s), 
477 
Internal intercostal muscle(s). See 
Intercostales interni 
Internal jugular vein, 78, 79, 85, 86, 


817, 818, 820 
development of, 791, 791 : 
Internal maxillary lymph node(s), 
884 


Internal medullary lamina, 1019 

Internal nasal branch(es) of naso- 
ciliary nerve, 1161 

Internal oblique muscle of abdomen. 
See Obliquus internus  ab- 
dominis 

Internal occipital crest, 173, 187 

Internal occipital protuberance, 186, 


187 

Internal plantar nerve, 1230, 1240, 
1240 

Internal pudendal artery, 749, 750, 
753 


in female, 756 
in male, 753-755, 754 
variations of, 756 
Internal pudendal vein(s), 841, 841, 
843, 844 
Internal pudic nerve, 1233, 1235, 
1238, 1244, 1244 
Internal pyramidal layer, 1077-1078, 
1077, 1078, 1079 
Internal rectal plexus, 842, 1488-1489, 
1489 


Internal respiratory nerve of Bell. 
See Phrenic nerve 

Internal spermatic fascia, 496, 496, 
1549, 1550, 1551, 1551 

Internal structures, 4 

Internal thoracic artery, 85, 706-707, 
708 

Internal thoracic vein, 85, 827, 829 

Internal urethral orifice, 1544, 1544 

Internal vertebral venous plexus(es), 
830-831, 830, 831 

Interosseous artery, anterior, 721, 
722, 72D 

common, 721, 725 
posterior, 721, 722, 725 

Interosseous carpometacarpal liga- 
ment(s), 387-388 

Interosseous cleft, anterior, 529-530 

Interosseous cuboideonavicular lig- 
ament, 419 

Interosseous cuneocuboid ligament, 
419 

Interosseous cuneometatarsal liga- 
ment(s), 421 

Interosseous fascia, dorsal, 547, 549 


palmar, 548 

Interosseous intercuneiform  liga- 
ment(s), 419 

Interosseous intermetatarsal liga- 


ment(s), 421 

Interosseous ligament(s) of carpus, 
383, 384, 385 

Interosseous ligament of inferior tib- 
iofibular joint, 409, 414 

Interosseous ligament of tarsus, an- 
terior, 413, 414 

Interosseous membrane, crural, 409, 


412 
radioulnar, 377, 381 
Interosseous metacarpal liga- 


ment(s), 388 
Interosseous muscle(s), of foot, 589 
dorsal, 589-590, 589 
plantar, 590, 590 
of hand, 554 
dorsal, 551, 554-555, 555 
palmar, 551, 555-556, 555 
Interosseous nerve, anterior, 1215 
dorsal, 1221 
posterior, 1220, 1221 
Interosseous recurrent artery, 718, 
Jol, fae 
Interosseous — sacroiliac 
360, 361-362 
Interosseous talocalcaneal ligament, 
410, 411, 413-415, 414, 415, 418 
Interosseous vein(s) of forearm, 824, 
§24 
Interosseous-adductor 
ment, 547-548, 547 
Interparietal bone, 166, 189 
Interpeduncular branch(es) of poste- 
rior cerebral artery, 1112 
Interpeduncular cistern, 1127, 1128, 
1129 
Interpeduncular fossa, 999 
Interpeduncular nucleus, 1003 
interphalangeal joint(s), of fingers, 
389-390, 389 


ligament, 


compart- 
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palpation of, 104 
of toes, 422 
movements of, 422, 590 
Interphase, 13, 14 
Interpubic disc, 363-364, 364 
Intersigmoid fossa, 1462-1463 
Interspinal ligament(s), 347, 349-350 
Interspinal muscles, 471-473 
Interspinales cervicis, 470, 472, 472 
Interspinales lumborum, 472 
Interspinales thoracis, 472 
Interspinal-intertransverse muscle 
group, 464, 470, 471-473 
Interstitial nucleus, 1003 
Intersubcardinal anastomosis, 790 
Intertarsal joint(s), 411, 413-419, 
418 
nerves to, 421 
synovial cavities of, 418, 421 
Interterritorial matrix, 312 
Interthalamic adhesion, 948, 1017, 
1018, 1019, 1024, 1035 
Intertragic notch, 1316 
Intertransversarii. See Intertrans- 
verse muscle(s) 
Intertransverse ligament, 350, 350, 
355 
Intertransverse muscle(s), 473 
cervical, 473 
lumbar, 470, 473 
thoracic, 473 
Intertrochanteric crest, 275, 277, 277, 
278 
Intertrochanteric line, 276, 277, 278 
Intertubercular groove (sulcus), 233- 
234, 233, 235, 236 
Intervenous tubercle, 630 
Interventricular bundle(s), 637 
Interventricular foramen(-ina), 1018, 
1019, 1034, 1035, 1103, 1104, 
1105, 1106 
development of, 944, 946, 948 
Interventricular septum, 629, 635 
development of, 612, 613, 617 
patent, 635 
Interventricular sulcus, anterior, 625, 
627 
posterior, 625 
Intervertebral disc(s), 127, 347-348, 
347, 352 
clinical correlation, 348 
formation of, 121, 121 
structure of, 348 


Intervertebral foramen(-ina), 127, 
129, 130 

Intervertebral vein(s), 830, 831-832, 
831 


Intervillous spaces, 52, 53 
Interzone, 330, 331 
Intestinal gland(s), 1475, 1476 
Intestinal lymphatic trunk(s), 878 
Intestine(s), development of, 1407- 
1408, 1407, 1408 
large, 1451, 1452, 1478-1489, 1479, 
1480 
blood supply to, 743, 744-745, 
745, 1487-1489, 1489 
nerves of, 1489 
structure of, 1485-1489, 1486 
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Intestine(s), large (Continued) 
See also Anal canal; Cecum; 
Colon; Rectum 
position of, 1449, 1451 
small, 1469-1478 
position of, 86, 88-90, 90, 93 
structure of, 1473-1478, 1474, 
1475, 1476, 1477, 1478 
vessels and nerves of, 1477-1478 
See also Duodenum; Ileum; Je- 
junum 
Intestinum caecum. See Cecum 
Intestinum crassum. See _ Intes- 
tine(s), large 
Intestinum jejunum. See Jejunum 
Intra-articular ligament, 350, 352 
Intra-articular sternocostal _ liga- 
ment, 355, 356 
Intracortical short arcuate fiber(s), 
1100 
Intraembryonic coelom, 37, 38, 43, 44 
Intraembryonic mesoderm, 34, 38, 40 
Intraepithelial plexus of cornea, 
1296 
Intrajugular process, 188 
Intralobular vein(s), 836, 1500 
Intramedullary artery(-ies), 970-971, 
O71) 
Intraparietal sulcus, 1037, 1038, 1040, 
1041 
development of, 954 
Intrathyroid cartilage, 1367 
Inversion, 4, 415, 415 
Involuntary nervous system. See 
Visceral nervous system 
lodine, thyroid function and, 1598 
Iodopsin, 1301 
Iris, 1291, 1292, 1293, 1294, 1300 
structure of, 1297-1298, 1298 
Ischiadic artery, 657 
Ischiadic bursa of obturator internus, 
969 
Ischial bursa of gluteus maximus, 
967 
Ischial spine, 264, 266, 267 
sex differences in, 273, 274 
Ischial tuberosity, 264, 266, 267-268 
palpation of, 107 
sex differences in, 273, 274 
Ischiocavernosus, in female, 510, 510 
in male, 503, 508, 509 
Ischiofemoral ligament, 392-393, 392 
Ischiopubic ramus, 268 
Ischiorectal fossa, 96, 503-504, 503 
Ischium, 263, 264, 265, 266, 267-268 
ossification of, 270, 270 
See also Ischial spine; Ischial tu- 
berosity 
Isocortex, 1076 
Isogenous group(s), 311, 312 
Isometric contraction, 437 
Isotonic contraction, 437 
Isotropic (1) bands, 593-594, 595, 596 
Isthmus faucium, 1410-1411, 1436- 
1437, 1437 
lter chordae anterius, 1320 
Iter chordae posterius, 1320, 1320 
Ivory. See Dentin 


Jacob’s membrane, 1298, 1299, 1301 
Jacobson, nerve of, 1178-1179, 1179, 
1181, 1328 
vomeronasal organs of, 50, 50, 
1362 
Jejunal artery(-ies), 741, 741, 743 
Jejunal vein, 838 
Jejunum, 1451, 1472-1473 
lymphatics of, 898 
position of, 90 
structure of, 1477 
Jena Nomina Anatomica, 5 
Joint(s), 329-424 
ball-and-socket, 335 
biaxial, 334 
cartilaginous, 333 
development of, 330 
classification of, 330-335 
composite, 334, 334 
compound, 334 
condylar, 334-335 
development of, 329-330, 331 
ellipsoid, 335 
fibrous, 330-333 
development of, 330 
ginglymus, 334 
gliding, 335 
hinge, 334 
movements at, 3, 4, 335-336 
limitation of, 337-338 
of axial skeleton, 338-366 
of lower limb, 110, 390-424 
of upper limb, 103-104, 366-390 
pivot, 334 
plane, 335 
polyaxial, 334 
saddle, 335 
sellar, 335 
simple, 333, 334 
spheroid, 335 
synovial, 333-335, 333, 334 
development of, 330, 331 
structures of, 336-338 
system of, 5 
trochoid, 334 
uniaxial, 334 
See also particular joints 
Joint capsule, 337 
development of, 330, 331 
lymphatics in lining of, 870 
Jugular bulb, inferior, 818 
superior, 818 
Jugular foramen, 169, 171, 173, 200 
Jugular fossa, 198, 200 
Jugular ganglion of glossopharyn- 
geal nerve, 1178 
Jugular ganglion of vagus nerve, 1182 
Jugular lymph sac(s), 867, 867 
Jugular lymphatic trunk, left, 878, 
887 
right, 879, 879, 887 
Jugular nerve, 1256 
Jugular notch, 148, 151, 187, 188 
palpation of, 75, 76, 82, 87 
Jugular process, 169, 186, 188 
Jugular surface, 198, 200 
Jugular tubercle, 187, 188 
Jugular vein, anterior, 817, 817 


anterior communicating, 87 
See also External jugular vein; 
Internal jugular vein 
Jugular venous arch, 817, 817 
Jugulodigastric lymph node, 882, 885, 
887 
Jugulo-omohyoid lymph node, 882, 
885, 887 
Jugum sphenoidale, 203, 203 
Juxtaglomerular apparatus, 1533 


Karyotype, 16, 17 
Keratin, 1347 
Keratohyalin, 1347 
Kerckring, valves of, 1473, 1474 
Kidney(s), 1525-1537, 1526, 1527, 
1528, 1529 
blood vessels of, 1534, 1535-1536 
connective tissues of, 1536 
development of, 1516-1517, 1516, 
1517 
fascia of, 1530, 1530, 1531 
fixation of, 1531 
floating, 1536-1537 
hilum of, 1529-1530, 1532 
lymphatics of, 870, 902 
microscopic anatomy of, 1532- 
1535, 1534 
movable, 1537 
nerves of, 1536 
position of, 1450, 1452 
size of, 1526 
structure of, 1526, 1531-1532, 1532 
surface markings for, 89, 90, 93, 
94-95, 94, 95 
variations of, 1536-1537 
Kinetochore. See Centromere 
Knee joint, 397-408, 399, 400, 402, 
404, 408 
anastomosis around, 772, 773, 776 
arteries to, 407 
articular capsule of, 398-400, 399 
articular surfaces of, 397-398, 397, 
398 
bursae of, 404, 405, 406, 406 
clinical interest, 408 
ligaments of, 398-405, 399, 400, 
402, 404 
role of, in movement, 407-408 
movements of, 407-408, 573 
nerves to, 407 
palpation of, 110 
roentgenograms of, 286, 397, 398 
structures surrounding, 406-407 
synovial membrane of, 405, 405, 
406 
Koniocortex, 1081, 1081, 1082 


Labbé, inferior anastomotic vein of, 
806 

Labial artery, inferior, 674, 674, 679 

superior, 674, 674, 679 

Labial branch(es) of maxillary 
nerve, superior, 1162, 1165 

Labial branch(es) of perineal artery, 
posterior, 756 

Labial commissure(s), 1580, 1580 

Labial gland(s), 1412 


Labial groove(s), 1403 
Labial lymphatic vessel(s), 881 
Labial nerve(s), posterior, 1244-1245 
Labial vein, inferior, 801, 802 
superior, 801, 802 
Labiodental lamina, 1420, 1420, 1421 
Labium(-a) majus(-ora), 97, 1579- 
1580, 1580 
development of, 1524, 1525 


Labium(-a) minus(-ora), 97, 1580, 
1580 
development of, 1524, 1525 
Labium(-a) oris. See Lip(s) 
Labyrinth, 1328-1339 
membranous, 1332-1338, 1332, 
1333 
development of, 1312-1313, 
1314, 1315 
osseous, 1328-1332, 1328, 1329, 
1330 
Labyrinthine artery, 689, 693, 700, 
1339 


Lacertus fibrosus, 527, 528 
Laciniate ligament, 581, 583 
Lacrimal apparatus, 1311-1312, 1311 
development of, 1290 
Lacrimal artery, 685-686, 686, 687 
Lacrimal bone, 223-224, 223 
lesser, 224 
Lacrimal canal(s), 1311, 1312 
Lacrimal crest, anterior, 216 
posterior, 165, 166, 223, 223 
Lacrimal duct(s), 1311, 1312 
Lacrimal fossa (for lacrimal gland), 
193, 193 
Lacrimal fossa (for lacrimal sac), 
164-165, 166, 213, 216 


Lacrimal gland, 1310, 1311-1312, 
1311 

Lacrimal groove of lacrimal bone, 
223, 223 

Lacrimal groove of maxilla, 214, 
215 . 


Lacrimal hamulus, 224 
Lacrimal nerve, 1157, 1158, 1160, 
1163 
Lacrimal notch, 214 
Lacrimal papilla(e), 1308, 1311, 1312 
Lacrimal process of inferior nasal 
concha, 222, 222 
Lacrimal sac, 72, 1309, 1311, 1312 
development of, 1290 
structure of, 1312 
Lacrimal sulcus, 223, 223 
Lacrimal tubercle, 213, 216 
Lacrimoethmoidal suture, 165 
Lacrimomaxillary suture, 165 
Lacteal(s), 867, 869, 898, 1477-1478 
Lactiferous tubule(s), 1583, 1584 
Lacuna(e), bone, 116, 318, 319, 320- 
Al 
cartilage, 311, 314 
Lacuna magna, 1546, 1547 
Lacuna musculorum, 557 
Lacuna vasorum, 557 
Lacunar ligament, 364, 486, 487 
Lacus lacrimalis, 1308, 1311 
Lagena cochleae, 1333, 1335 


Lambda, 70, 71, 75, 158, 191 
Lambdoidal suture, 71, 158, 159, 166 
Lamella(e), bony, 318, 319-320 
Lamina arcus vertebrae. See Lomi- 
na(e) of vertebro! orch(es) 
Lamina choriocapillaris, 1296-1297 
Lamina cribrosa sclerae, 1291, 1292 
Lamina(e) of vertebral arch(es), 129, 
129, 130 
of axis, 133, 134 
of cervical vertebrae, 131, 131 
of lumbar vertebrae, 137, 138 
of sacral vertebrae, 140, 142 
of thoracic vertebrae, 135 
Lamina orbitalis, 210, 210 
Lamina suprachoroidea, 1296 
Lamina terminalis, 1019, 1035 
development of, 948, 949, 949 
Lamina vasculosa of choroid, 1296 
Lamina zonalis of cerebral cortex, 
1076, 1077, 1078 
Lancisi, longitudinal striae of, 1063- 
1064 
Langerhans, islets of, 1506, 1506 
Langer’s line(s), 1348-1349, 1349 
Langley’s ganglion, 1436 
Lanugo, 63, 1345 
Laryngeal artery, inferior, 703 
superior, 670, 672 
Laryngeal nerve(s), inferior, 1183, 
1187, 1204 
See also Recurrent nerve; Supe- 
rior laryngeo! nerve 
Laryngeal prominence, 74, 76, 1366, 
1374 
Laryngeal saccule, 1373 
Laryngeal sinus, 1372, 1373, 1373 
Laryngotracheal tube, 1357, 1358 
Larynx, 1365-1377 
cartilages of, 1366-1369, 1366, 1377 
movements of, 1371 
development of, 1357 
glands of, 1376 
interior of, 1371-1374, 1372, 1373 
ligaments of, 1368, 1369-1371, 1370 
lymphatics of, 884-886 
muscles of, 1374-1376, 1374, 1375 
nerves of, 1376-1377 
structure of, 1376-1377 
surface anatomy of, 74, 77 
vessels of, 1376 
Lateral accessory saphenous vein, 


846, 846 

Lateral amygdaloid nucleus, 1054, 
1055 

Lateral antebrachial cutaneous 


nerve, 1210, 1211, 1212, 1212 

Lateral aortic lymph node(s), 892, 
897, 903, 905, 909, 909, 910 

Lateral aperture(s) of 4th ventricle, 
985, 986, 1127 

Lateral arcuate ligament, 479, 480 

Lateral atlantoaxial joint(s), 341, 343, 
344, 345, 346 

Lateral atlanto-occipital ligament(s), 
342 

Lateral axillary lymph node(s), 888- 
889, 891 
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Lateral basal segmental artery, of 

left lung, 660, 662 
of right lung, 660, 660 

Lateral basal vein, 797 

Lateral brachial cutaneous nerve, 
1208, 1210 

Lateral brachial intermuscular sep- 
tum, 525, 526 

Lateral calcaneal branch(es) of pero- 
neal artery, 771, 778, 778 

Lateral carpometacarpal ligament of 


thumb, 387 

Lateral cartilage of nose, 162, 1359, 
1359, 1360 

Lateral central artery(-ies), short, 
1720, 1121 


Lateral cerebral fossa (of Sylvius), 
954, 954, 1042 
Lateral cerebral sulcus, 1037, 1037, 
1038 
development of, 954 
surface marking for, 73 
Lateral check ligament of eye, 1308 
Lateral choroidal artery(-ies), poste- 
rior, 701-702, 702, 1112, 1113 
Lateral corticospinal tract, 978-979 
Lateral costal branch of internal 
thoracic artery, 708 
Lateral costotransverse 
352, 353-354, 355 
Lateral cricoarytenoid muscle, 1374- 
1375, 1375, 1376 
Lateral cuneiform bone. See under 
Cuneiform bone 
Lateral cutaneous nerve(s) of thorax, 
1208, 1222, 1223-1224, 1223, 
1224 
Lateral diaphragmatic 
node(s), 894 
Lateral dorsal cutaneous nerve, 1240 
Lateral fasciculus proprius, 979 
Lateral femoral circumflex artery, 
765, 766, 767 
Lateral femoral circumflex vein, 850 
Lateral femoral cutaneous nerve. 
See under Femorol cutaneous 
nerve 
Lateral fontanelle. See Sphenoidol 
fontonelle 
Lateral frontobasal artery. See Lot- 
erol orbitofrontol ortery 
Lateral funiculus, 963, 963 
development of, 936, 937 
Lateral gastrocnemius bursa, 405, 
406, 406 
Lateral geniculate body, 999, 1000, 
1024, 1026-1027, 1026 
development of, 948 
Lateral geniculate nucleus, 1020, 


ligament, 


lymph 


1027, 1027 

Lateral glossoepiglottic fold, 1369, 
1373 

Lateral habenular nucleus, 1027- 
1028 


Lateral hamstring, 567, 572 

Lateral hyothyroid ligament, 1368, 
1369, 1372 

Lateral hypothalamic nucleus, 1031 
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Lateral hypothalamic region, 1032 

Lateral inferior genicular artery, 771, 
772, (fae //4, 776 

Lateral inguinal fovea, 496 

Lateral intercondylar tubercle, 284- 
286 

Lateral intermuscular septum of 
arm, 525, 526 

Lateral intermuscular septum of 
thigh, 560, 561 

Lateral ligament of ankle joint, 410 

Lateral ligament(s) of liver. See Tri- 
angular ligament(s) of liver 

Lateral ligament of malleus, 1326 

Lateral ligament of temporomandib- 
ular joint, 338, 339 

Lateral line(s) of abdomen, 88, 91 

Lateral longitudinal stria, 1063-1064 

Lateral lumbar intertransverse mus- 
cle, 470, 473 

Lateral lumbocostal arch, 479, 480 

Lateral malleolar artery, 771 

anterior, 774-775, 776 

Lateral malleolar branch(es) of pero- 
neal artery, 778 

Lateral malleolar fossa, 290, 290 

Lateral malleolar network, 775 

Lateral malleolus. See under Malle- 
olus 

Lateral mammary branch(es) of lat- 
eral thoracic artery, 713 

Lateral mammary branch(es) of pos- 
terior intercostal artery, 731 

Lateral mammillary nucleus, 1034 

Lateral marginal vein(s) of foot, 848 

Lateral medullary lamina, 1070, 1072 

Lateral meniscus of knee, 400, 402, 
403-405, 404 

Lateral nasal branch of facial artery, 
674 

Lateral nasal branch(es) of spheno- 
palatine artery, posterior, 682 

Lateral nasal process, 48, 48, 49, 50 

Lateral occipital artery, 1113 

Lateral occipital gyrus({-i), inferior, 
1037, 1042 

superior, 1037, 1042 

Lateral occipital sulcus, 1037, 1038, 
1041 

Lateral occipitotemporal 
1038, 1045, 1049 

Lateral olfactory gyrus, 950, 1052, 
1054, 1054, 1055 

Lateral olfactory stria, 1052, 1052, 
1053 

Lateral orbital gyrus, 1048, 1048 

Lateral orbital sulcus, 1048 

Lateral orbitofrontal artery, 689, 691, 
1114, 1115, 1116, 1117 

Lateral palatine process(es), 49, 50, 
51 

Lateral palpebral artery(-ies), 685, 
687 

Lateral palpebral ligament, 442 

Lateral palpebral raphe, 442 

Lateral patellar retinaculum(-a), 399, 
400 

Lateral pectoral nerve, 1205, 1208, 
1209, 1214, 1258 


PyTUS, 


Lateral plantar artery, 779-780, 780, 
781 

Lateral plantar nerve, 1230, 1240, 
1241 

Lateral plantar vein, 849 

Lateral popliteal nerve. See Coim- 
mon peroneal nerve 


Lateral posterior choroidal  ar- 
tery(-ies), 701-702, 702, 1112, 
1113 

Lateral posterior labial nerve, 1244- 
1245 

Lateral posterior scrotal nerve, 1244- 
1245 


Lateral preoptic nucleus, 1030 

Lateral preoptic zone, 1030 

Lateral pterygoid muscle, 451, 451, 
452 

Lateral pterygoid nerve, 1167 

Lateral pterygoid plate, 168, 168, 204, 
206-207 

Lateral puboprostatic ligament(s), 
506, 1543 

Lateral rotation, 3, 4 

Lateral sacral artery(-ies), 749, 750, 
756-757 

Lateral sacral crest(s), 140, 141 

Lateral sacral vein(s), 842 

Lateral sacrococcygeal 
359, 361 

Lateral segmental artery, 660 

Lateral segmental vein, 795, 796 

Lateral semicircular canal, 196, 197, 
199, 1328, 1329, 1330, 1330 

Lateral semicircular duct, 1332-1334, 
1332, 1333 

Lateral septal nucleus, 1060 

Lateral sternal line, 82, 91 

Lateral striate artery(-ies), 691, 1115- 
1116 

Lateral structures, 3, 4 

Lateral sulcus of cerebrum. See Lat- 
eral cerebral sulcus 

Lateral sulcus of medulla oblongata, 
anterior, 976-977 

posterior, 976-977, 987 

Lateral sulcus of mesencephalon, 
999-1000 

Lateral sulcus of spinal cord. See 
Anterolateral sulcus; Postero- 
lateral sulcus 

Lateral superior genicular artery, 
768, 772, 772, 776, 778 

Lateral supraclavicular nerve(s), 
1201, 1202, 1210, 1211 

Lateral supracondylar ridge, 234 

Lateral sural artery, 768, 770, 771, 778 

Lateral sural cutaneous nerve, 1237, 
1238, 1241 

Lateral talocalcaneal ligament, 410, 
411, 413, 414 

Lateral tarsal artery, 774, 775, 776 

Lateral tarsometatarsal joint cavity, 


ligament, 


418, 420 

Lateral thoracic artery, 695, 712, 713, 
7ia 

Lateral thyrohyoid ligament, 1368, 
1369, 1372 


Lateral tonsillohemispheric branch 


of posterior inferior cerebel- 
lar artery, 1008, 1009 
Lateral tuberal nucleus(-i), 1032 
Lateral umbilical fold, 1453, 1454, 
1543 
Lateral venous lacuna(e), 809, 809 
Lateral ventricle(s). See under Ven- 
tricle(s) of brain 
Lateral vesical lymph node(s), 903 
Lateral white column. See Lateral 
funiculus 
Latissimus dorsi, 465, 486, 513-515, 
514 
bursae of, 374 
palpation of, 81, 81, 87, 101, 104 
Least occipital nerve, 1194, 1194 
Least splanchnic nerve, 1264 
Leg(s). See Limb(s), lower 
Lens, 1291, 1300, 1302-1303, 1303 
development of, 1288, 1288 
structure of, 1303, 1303, 1304 
Lens vesicle, 1286, 1287 


Lenticular fasciculus, 1029, 1074, 
1075 

Lenticular ganglion. See Ciliary gan- 
glion 

Lenticular nucleus. See Lentiform 
nucleus 

Lenticulostriate artery(-ies), 691, 


1110, 1115-1116 
Lentiform nucleus, 1070-1072 
development of, 951, 953 
See also Globus pallidus 
Leptomeninges. See Arachnoid; Pia 
mater 
Lesser alar cartilage(s), 1359, 1359, 
1360 
Lesser cavernous nerve(s), 1272 
Lesser lacrimal bone, 224 
Lesser occipital nerve, 1200-1201, 
1201 
surface markings for, 79, 80 
Lesser omentum, 1455, 1459-1460 
development of, 1407, 1409, 1409 
position of, 1449 
Lesser palatine artery(-ies), 681 
Lesser palatine foramen(-ina), 167, 
168, 221 
Lesser palatine nerve(s), 1163, 1164, 
1168 
Lesser pelvis, 271-274, 271, 272 
Lesser petrosal nerve, 1163, 1179, 
1326 
sac of peritoneum. See 
Omental bursa 
Lesser sciatic foramen, 267, 273, 360, 
361, 362, 363 
Lesser sciatic notch. See under Sci- 
atic notch(es) 
Lesser splanchnic nerve, 1252, 1261, 
1262, 1264, 1265, 1266 
Lesser trochanter, 275, 276, 277, 277 
Levator anguli oris, 440, 443, 444, 444 
Levator ani, 498-500, 499, 510, 1485 
tendinous arch of, 498, 499, 500, 
501 
Levator(es) costae(-rum), 467, 477- 
478 
in respiration, 482 


Lesser 


Levator(es) costae(-rum) brevis(-es), 
470, 472, 477 
Levator(es) costae(-rum) longus(-i), 
477 
Levator glandulae thyroideae, 1598 
Levator labii superioris, 440, 443, 
444, 444 
Levator labii superioris alaeque 
nasi, 440, 443, 444, 444 
Levator palati. See Levator veli 
palatini 
Levator palpebrae superioris, 1304, 
1305, 1305, 1306, 1307 
Levator prostatae, 499, 1564 
Levator scapulae, 514, 516 
in respiration, 482 
Levator veli palatini, 1440, 1440, 1441 
Lieberktihn, crypts of, 1475, 1476 
Lienal artery. See Splenic artery 
Lienal recess, 1456, 1458 
Lienal vein. See Splenic vein 
Lienorenal ligament, 919, 920 
Ligament(s), 336-337 
histologic structure of, 309-310 
joint movement limitation by, 337 
lymphatics of, 870 # 
See also particular ligaments 
Ligament of bulb, 506 
Ligament of head of femur, 393, 393, 
394 
Ligament of left vena cava, 623, 660, 
799 
Ligament of ovary, 1567, 1567, 1568, 
1571 
development of, 1524 
Ligament of prostate, 506 
Ligamentum arteriosum, 621, 622, 
660, 663 
Ligamentum coronarium hepatis. 
See Coronary ligament of 
liver 
Ligamentum cricothyroideum me- 
dium. See Cricothyroid liga- 
ment 
Ligamentum flavum, 347, 349, 349, 
355 
Ligamentum nuchae, 74, 349 
Ligamentum ovaril proprium. See 
Ligament of ovary 
Ligamentum patellae. See Patellar 
ligament 
Ligamentum teres hepatis, 621, 794, 
837, 1453, 1457, 1497 
Ligamentum venosum, 621, 794, 837 
Limb(s), development of, 50-51, 52 
lower, arteries of, 760-780 
development of, 657, 658 
articulations of, 390-424 
bones of, 261-304 
sesamoid, 305 
fasciae and muscles of, 556-590 
development of, 430 
lymphatics of, 913-917, 915 
nerves to, 1229-1243, 1229, 1230, 
1231, 1234, 1237, 1238, 1239, 
1242 
surface and topographical anat- 
omy of, 107-112, 107, 110, 112 
veins of, 845-850 


upper, arteries of, 709-728, 715 
development of, 656-657, 656 
articulations of, 366-390 
bones of, 233-260 
sesamoid, 305 
fasciae and muscles of, 512-556 
development of, 430 
lymphatics of, 887-890, 889 
nerves to, 1205-1221, 1210, 1211, 
1212, 1213, 1214, 1220 
surface and topographical anat- 
omy of, 98-107, 100, 101, 102, 
103, 105, 106 
veins of, 820-826, 822, 824 
Limbic system, 1069 
Limbus fossae ovalis, 611, 629, 630 
Limbus laminae spiralis, 1336 
Limen insulae, 1044 
Limitans nucleus, 1022 
Limiting sulcus of Reil, 1043, 1044 
Linea alba, 86, 87, 97, 486, 493-494 
Linea aspera, 277-279, 277 
Linea semilunaris, 86-87, 97, 486, 
494 
Linea splendens, 1132 
Linea terminalis. See Pelvic brim 
Lingua. See Tongue 
Lingual artery, 78, 80, 668, 671, 683 
deep, 672-673, 683 
Lingual branch(es) ol glossopharyn- 
geal nerve, 1180-1181, 1181 
Lingual branch of inferior alveolar 
artery, 679 
Lingual branch(es) of lingual artery, 
dorsal, 672, 683 
Lingual gyrus, 1038, 1045, 1047, 1049 
Lingual lymph node(s), 884 
Lingual nerve, 1162, 1166, 1168-1169, 
1168, 1175, 1203 
Lingual sulcus, median, 1426-1427, 
1426 
Lingual tonsil, 1285, 1427, 1431 
Lingual vein(s), 78, 818-819 
deep, 818-819, 819 
dorsal, 818, 819 
Lingula mandibulae, 181 
Lingula of cerebellum, 990, 991, 992, 
993, 994 
Lingula of sphenoid, 172, 203, 204 
Lingular artery, 660, 661 
Lingular division vein, 795, 796 
Lingular segmental artery, inferior, 
661 
supcrior, 661 
Lingular vein, inferior, 796 
superior, 796 
Linguofacial trunk, 671, 675 
Lip(s), 1411-1412, 1411 
cleft, 49-50 
Lissencephalic cerebral surface, 1036 
Littré, urethral glands of, 1547 
Liver, 1489-1502, 1491, 1492 
bare area of, 1453, 1492, 1492 
development of, 1402, 1405, 1407, 
1409, 1489-1490, 1490 
excretory apparatus of, 1500-1502 
fixation of, 1497 
ligaments of, 1496-1497 
lymphatics of, 869-870, 901-902 
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position of, 86, 88, 89, 92, 92, 93, 
1449, 1450 
structure of, 1497-1500, 1498, 1499, 
1500 
vessels and nerves of, 1497 
Lobulus(-i) simplex, 990, 992, 994- 
995 
Lockwood, superior tendon of, 1304 
Locus ceruleus, 984, 988 
Long arcuate cerebral fiber(s), 1100- 
1102, 1101, 1102 
Long buccal nerve, 1163, 1166, 1167, 
1176 
Long central artery. See Recurrent 
artery of Heubner 
Long ciliary nerve(s), 1157, 1161 
Long plantar ligament, 411, 416, 417 
Long posterior ciliary artery(-ies), 
686, 688 
Long posterior sacroiliac ligament, 
361, 362 
Long scrotal nerve, 1236-1238 
Long subscapular nerve, 1205, 1208, 


210 

Long thoracic nerve, 1205, 1207-1209, 
1208 

Longissimus capitis, 467, 468-469, 
472 


Longissimus cervicis, 467, 468, 472 
Longissimus thoracis, 467, 468 
Longitudinal artery of spinal cord. 
see Anterior spinal artery; 
Posterior spinal artery 
Longitudinal fasciculus, inferior, 
1101, 1102, 1103 
superior, 1101, 1102, 1102, 1103 
Longitudinal fissure, 1036 
development of, 949, 951 
surface markings for, 73 
Longitudinal ligament, anterior, 341, 
344, 346, 347, 350 
posterior, 343, 344, 347, 347 
Longitudinal muscle of tongue, infe- 
rior, 1430, 1430, 1432 
superior, 1430, 1430 
Longitudinal stria(e), 1063-1064 
Longus capitis branch(es) of cervical 
plexus, 1202 
Longus capitis muscle, 462, 462 
Longus colli branch(es) of cervical 
plexus, 1202 
Longus colli muscle, 461-462, 462 
Louis, angle of. See Sternal angle 
Lower, intervenous tubercle of, 630 
Lowest splanchnic nerve, 1264 
Lumbar artery(-ies), 732, 747 
development of, 657 
Lumbar branch of iliolumbar artery, 
756 
Lumbar intertransverse muscle(s), 
lateral, 470, 473 
medial, 470, 473 
Lumbar lymph node(s), 909 
Lumbar lymphatic trunk(s), 878, 909 
Lumbar nerve(s), dorsal primary 
divisions of, 1195, 1198 
roots of, 1192 
ventral primary divisions of, 1225- 
1234 
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Lumbar paraganglion({-a). See Aortic 
paraganglion(-a) 
Lumbar plexus, 1226-1234, 
1227, 1228, 1252 
Lumbar puncture, 1130-1131 

Lumbar region, 88, 91 
Lumbar splanchnic nerve(s), 1265- 
1266 
Lumbar sympathetic ganglion(-a), 
1264 
Lumbar triangle, 87-88, 515 
Lumbar vein(s), 834 
ascending, 827, 834 
Lumbar vertebra(e). See under Ver- 
tebra(e) 
Lumbocostal arch, lateral, 479, 480 
medial, 479-480, 479 
Lumbocostal ligament, 353, 466 
Lumbodorsal fascia, 465-466, 465, 
489, 514 
Lumboinguinal nerve, 1227, 1228, 
1229, 1229, 1230, 1267 
Lumbosacral joint, 358-359 
Lumbosacral ligament, 359, 361 
Lumbosacral plexus, 1225 
See also Lumbar plexus; Sacral 
plexus 
Lumbrical canal(s), 549 
Lumbrical muscle(s), of foot, 587, 588 
of hand, 553, 554 
Lunate bone, 249, 250, 251, 251 
dislocations of, 251, 253 
ossification of, 260, 260 
Lunate sulcus, 1037, 1041-1042 
Lung(s), 1385-1398, 1386, 1387, 1388 
blood vessels of, 1389, 1392t, 1393t, 
1394, 1395, 1398 
See also particular vessels 
bronchopulmonary segments of, 
1388-1389, 1390 
development of, 1357-1358, 1358 
lymphatics of, 869, 893 
nerves of, 1398 
normal relationship of, to skele- 
ton, 86, 89, 90, 93 
parasympathetic efferent fibers to, 
1250 
structure of, 1395-1398, 1396, 1397 
surface anatomy of, 83-84, 84 
Lung bud(s), 1357, 1358 
Lunula, 1350 
Luschka, foramina of, 985, 986, 1127 
gland of, 1608 
Lutein cell(s), 1571 
Luteinizing hormone, 1578, 1604 
Lymph, 866 
composition of, 875-876 
propulsion of, 873 
Lymph node(s), development of, 868 
of abdomen and pelvis, 892, 897, 
906-912, 909, 910 
of head and neck, 880, 881, 882, 
883-884, 884, 885, 886-887 
palpation of, 72, 79 
of lower limb, 915-917, 915 
of thorax, 892, 893-896, 895 
of upper limb, 888-890, 889 
structure of, 873-876, 874, 875, 876, 
877 
Lymph sac(s), primitive, 867, 867 


1226, 


Lymphatic capillary(-ies), structure 
of, 871, 872 
Lymphatic capillary plexus(es), 869- 
870, 870 
Lymphatic duct, left. See Thoracic 
duct 
right, 878, 879, 879 
Lymphatie nodule(s), 921, 922 
aggregated, 1477, 1478 
Lymphatic system, 5, 866-928 
development of, 867-868, 867, 868 
spread of disease through, 866 
Lymphatic trunk(s), 870-871 
Lymphatic vessel(s), afferent, 873, 
875 
collecting, distribution of, 870-871 
structure of, 871-873 
deep, 871 
distribution of, 868-871, 869 
efferent, 873, 875 
large, 876-879 
of abdomen and pelvis, 896-906 
of bone, 317 
of head and neck, 879-883, 880, 
881, 882, 884-886, 884, 885 
of lower limb, 913-915, 915 
of thorax, 890-893 
of upper limb, 887-888, 889 
structure of, 871-873 
superficial, 871 
valves of, 873 
See also Lymphatic capillary(-ies) 
Lymphocyte(s), in connective tissue, 
307 
in lymph nodes, 873 
Lymphoid follicle(s), primary, 875, 
875, 876, 877 
Lyra, 1068 
Lysosome, 10 


M line, 594, 597 
Mackenrodt, cardinal ligament of, 
1575-1576 
Macrophage(s), fixed, 306, 307 
in lymph nodes, 873 
Macula cribrosa media, 1328, 1329 
Macula cribrosa superior, 1329 
Macula densa, 1534, 1535 
Macula of retina, 1294, 1295 
structure of, 1301 
Macular artery(-ies), 1302 
Magendie, foramen of, 985, 985, 986, 
1127, 1128 
Malar branch(es) of facial nerve, 
1176 
Malar branch of zygomatic nerve, 
1163, 1164 
Malleolar artery, lateral, 771 
anterior, 774-775, 776 
medial, 771, 778, 779 
anterior, 774, 774 
Malleolar branch(es) of peroneal 
artery, lateral, 778 
Malleolar fold(s), 1321, 1321 
Malleolar fossa, lateral, 290, 290 
Malleolar network, lateral, 775 
medial, 775 
Malleolar sulcus, 288 
Malleolus, lateral, 285, 290, 290 
palpation of, 107, 108, 112 


medial, 285, 288 
palpation of, 107, 108, 112 
Malleus, 1320, 1325, 1325, 1326 
development of, 46, 47, 1313 
Malpighian body(-ies) of kidney, 
1533 
Malpighian body(-ies) of spleen, 921, 
922 
Mamma. See Mammary gland 
Mammary branch(es) of lateral tho- 
racic artery, external (lateral), 
713 
Mammary branch(es) of posterior 
intercostal artery, 731 
external (lateral), 731 
Mammary gland, 1581-1586, 1584, 
1585 
carcinoma of, 516 
development of, 1582-1583 
lymphatics of, 890, 891 
structure of, 1583, 1584, 1585 
variations of, 1585-1586 
vessels and nerves of, 1585 
Mammary line, 82, 91 
Mammillary body(-ies), 1019, 1024, 
1030, 1032, 1034 
development of, 945, 949 
Mammillary nucleus, lateral, 1034 
medial, 1034 
Mammillary region, 1033-1034 
Mammillotegmental tract, 1034 
Mammillothalamic tract, 1034 
Mandible, 163, 163, 179-183, 180 
age differences in, 182-183, 184 
articulations of, 182, 338-341, 339, 
340 
development of, 46, 47 
ossification of, 182, 182, 183 
palpation of, 70, 71 
Mandibular arch, 39, 45-46, 45, 46, 
47, 50 
Mandibular branch of facial nerve, 
i We Wea 
Mandibular canal, 181 
Mandibular crest, 182 
Mandibular foramen, 180, 181 
Mandibular fossa, 160, 161, 168, 169, 
195, 196-197 
Mandibular incisure, 180, 182 
Mandibular lymph node(s), 880, 884 
Mandibular nerve, 1165-1166, 1166, 
1176 
branches of, 1162, 1166-1169 
development of, 46 
Mandibular notch, 180, 182 
Mandibular sling, 450-451, 452 
Manubriosternal joint, 357 
Manubrium, 148-149, 151, 152, 153 
ossification of, 151, 152, 153 
palpation of, 82 
Manubrium mallei, 1325, 1325 
Marginal artery of Drummond, 744- 
745 
Marginal sinus, 873, 875, 876, 877 
Marginal vein(s) of foot, lateral, 848 
medial, 848 
Marginal vein of heart, left, 798, 798 
right, 799 
Marrow, 114, 316-317 
embryonic, 118 


red, 316 
yellow, 316 
Marshall, oblique vein of. See 


Oblique vein of left atrium 
vestigial fold of, 612, 792 
Martinotti, cells of, 1077 
Massa intermedia. See Interthalamic 
adhesion 
Masseter muscle, 449, 450, 452 
action of, 449, 450-451 
palpation of, 71, 72 
Masseteric artery, 680 
Masseteric fascia, 448 
Masseteric nerve, 1167 
Masseteric vein, 804 
Mast cell{s), 307, 307 
Mastication, muscles of, 447-451, 
449, 450, 451, 452 
Mastoid air cell(s), 196, 198-199, 
1318, 1322, 1323, 1324 
Mastoid antrum. See Tympanic an- 
trum 
Mastoid branch of great auricular 
nerve, 1201 
Mastoid branch of occipital artery, 
675 
Mastoid canaliculus, 198, 200 
Mastoid emissary vein, 815-816 
Mastoid fontanelle, 71, 177, 178 
Mastoid foramen, 167, 171, 173, 195, 
197 
Mastoid notch, 169, 198, 198 
Mastoid process, 161, 168, 169, 195, 
198, 198 
palpation of, 69, 70 
Maturation, of ovum, 27 
of spermatocytes, 21 
Maxilla, 162, 163, 212-218, 213, 215 
age changes in, 218, 218, 219 
articulations of, 218 
body of, 212-214 
ossification of, 218 
processes of, 216-218 
Maxillary artery, 668, 677-678, 679 
branches of, 678, 680, 681 
development of, 655 
external. See Facial artery 
variations of, 680 
Maxillary hiatus, 214, 215 
Maxillary lymph node{s), 880, 884 
internal, 884 
Maxillary nerve, 1161-1162, 1162, 
1168, 1170, 1252 
branches of, 1162-1165, 1164 
inferior. See Mandibular nerve 
Maxillary process, fetal, 46, 46, 48, 
48, 49, 50 
Maxillary process of inferior nasal 
concha, 222, 222 
Maxillary process of palatine bone, 
220, 220 
Maxillary process 
bone, 224, 225 
Maxillary sinus, 175, 176, 176, 214- 
216, 215, 1363, 1364-1365, 1364, 
1365 
surface markings for, 73, 73 
Maxillary tuberosity, 213, 214 
Maxillary vein, 801, 803, 804 
Maxillozygomatic suture, 159, 164 


of zygomatic 


Meckel, cartilage of, 46, 47, 125, 126, 
182 
diverticulum of, 58, 1473 
ganglion of. See Pterygopalatine 
ganglion 
trigeminal cave of, 1124 
Medial accessory olivary nucleus, 


943, 979 

Medial accessory saphenous vein, 
846, 846 

Medial amygdaloid nucleus, 1054, 
1055 

Medial antebrachial cutaneous 


nerve, 1205, 1208, 1210-1212, 
1210, 1211, 1212, 1214 

Medial arcuate ligament, 479-480, 
479 

Medial basal segmental artery, of 
left lung, 660, 662 

of right lung, 660, 660 

Medial brachial cutaneous nerve, 
1205, 1208, 1210 

Medial brachial intermuscular sep- 
tum, 525-526, 526 

Medial calcaneal artery(-ies), 771, 
778, 779 

Medial calcaneal branch(es) of tibial 
nerve, 1238, 1240 

Medial central artery(-ies), short, 
1120, 1121 

Medial check ligament of eye, 1308 

Medial choroidal artery, posterior, 
701, 702, 1112, 1112 

Medial clinoid process, 171, 172, 203, 
203 

Medial cuneiform bone. See under 
Cuneiform bone 

Medial cutaneous nerve of thigh, 
1232 

Medial dorsal cutaneous nerve, 1242, 
1243 

Medial eminence, 987-988, 987 

Medial femoral circumflex artery, 
765, 767 

Medial femoral circumflex vein, 850 

Medial forebrain bundle, 1030 

Medial frontal gyrus, 1038, 1045, 
1046, 1046 

Medial frontobasal artery, 
1116, 1120, 1121 

Medial gastrocnemius bursa, 406, 
406 

Medial geniculate body, 999, 1000, 
1025-1026 

development of, 948 

Medial geniculate nucleus, 1020, 
1025-1026 

Medial glossoepiglottic fold, 1369, 
1373 

Medial habenular nucleus, 1027-1028 

Medial hamstring(s), 567, 572 

Medial inferior genicular artery, 771, 
772-773, 772, 774, 778 

Medial inguinal fovea, 496 

Medial intercondylar tubercle, 284- 
286 

Medial intermuscular septum of 
arm, 525-526, 526 

Medial intermuscular septum of 
thigh, 560, 561 
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Medial hgament, 410, 411, 412, 414 

Medial longitudinal stria, 1063-1064 

Medial lumbar intertransverse mus- 
cle, 470, 473 

Medial lumbocostal arch, 479-480, 
479 

Medial malleolar artery, 771, 778, 779 

anterior, 774, 774 

Medial malleolar network, 775 

Medial malleolus. See under Malleo- 
lus 

Medial mammillary nucleus, 1034 

Medial marginal vein(s) of foot, 848 

Medial medullary lamina, 1072 

Medial meniscus of knee, 400, 402- 
403, 402, 404 

Medial nasal process, 48, 49 

Medial nucleus, anterior, 1019, 1021 

Medial occipital artery, 1113 

Medial occipitotemporal gyrus, 1038, 
1045, 1049 

Medial olfactory gyrus, 950, 1052 

Medial olfactory stria, 1052, 1052, 
1053 

Medial orbital gyrus, 1048, 1048 

Medial orbital sulcus, 1048 

Medial orbitofrontal artery, 1115, 
1116, 1120, 1121 

Medial palpebral artery(-ies), 687 

Medial palpebral ligament, 442, 442, 


444 

Medial patellar retinaculum(-a), 399, 
399, 400 

Medial pectoral nerve, 1205, 1208, 
1209, 1214 


Medial plantar artery, 779, 780, 781 

Medial plantar nerve, 1230, 1240, 
1240 

Medial plantar vein, 849 

Medial popliteal nerve, 1235, 1237, 
1238, 1239, 1240 

Medial posterior choroidal artery, 
7Ol, 702, 1112, 1112 

Medial posterior labial nerve, 1244- 
1245 

Medial posterior scrotal nerve, 1244- 
1245 

Medial preoptic nucleus, 1030 

Medial preoptic zone, 1030 

Medial pterygoid muscle, 449-450, 
451, 451, 452 

Medial pterygoid nerve, 1166 

Medial pterygoid plate, 167-168, 168, 
204, 206-207 

Medial puboprostatic ligament, 506, 
1543 

Medial rotation, 3, 4 

Medial segmental artery, 660 

Medial segmental vein, 795, 796 

Medial septal nucleus, 1059 

Medial striate artery({-ies), 1115 

See also Recurrent artery of Heub- 

ner 

Medial structures, 3, 4 

Medial sulcus of crus cerebri, 999 

Medial superior genicular artery, 
768, 770-772, 771, 772 

Medial supraclavicular nerve(s), 
1201, 1202 

Medial supracondylar ridge, 101, 234 
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Medial sural artery, 768, 770, 771, 778 
Medial sural cutaneous nerve, 1238, 
1239 
Medial talocalcaneal ligament, 411, 
413, 415 
Medial tarsal artery(-ies), 775, 776 
Medial tarsometatarsal joint cavity, 
418, 419 
Medial tonsillohemispheric branch 
of posterior inferior cerebel- 
lar artery, 1008, 1009 
Medial umbilical fold, 1453, 1454 
Medial umbilical ligament, 621, 750, 
750, 751 
Median antebrachial vein, 822, 822 
Median aperture of 4th ventricle, 
985, 985, 986, 1127, 1128 
Median arcuate ligament, 479, 480 
Median artery(-ies) of brain stem, 
1012, 1012, 1014 
Median artery of corpus callosum, 
1120 
Median artery of upper limb, 656, 
657, 721 
Median atlantoaxial joint, 345-346, 
345 
Median basilic vein, 822 
Median cephalic vein, 822 
Median cubital vein, 104, 105, 821, 
822, 822 
Median eminence, 1031 
Median fissure, anterior, of medulla 
oblongata, 976, 978 
of spinal cord, 961-962, 961, 962, 
963 
Median lingual sulcus, 1426-1427, 
1426 
Median longitudinal artery of spinal 
cord, anterior. See Anterior 
spinal ortery 
Median nerve, 1205, 1210, 1211, 1213, 
1214 
branches of, 1213-1217, 1216, 1219 
surface markings for, 100, 102, 103, 
104, 106, 106 
variations of, 1217 
Median nuchal line. See Occipitol 
crest, externol 
Median plane, 2, 3 
Median sacral crest, 140, 141 
Median sacral vein, 840 
Median septum, posterior, 962, 963 
Median spinal vein(s), anterior, 832, 
972, 974, 975 
posterior, 832, 973, 974, 975 
Median structures, 2 
Median sulcus, posterior (dorsal). 
See Posterior median sulcus 
Median sulcus of rhomboid fossa, 
987, 987 
Median umbilical fold, 1453, 1454, 
1543 
Median umbilical ligament, 58, 1541, 
1543 
Mediastinal branch(es) of internal 
thoracic artery, 707 
Mediastinal branch(es) of thoracic 
aorta, 730 


Mediastinal lymph node(s), anterior, 
892, 894 
posterior, 892, 894-895 
Mediastinal vein(s), 828 
Mediastinum, 1383-1384, 1383, 1384 
Mediastinum testis, 1552-1553 
Medulla oblongata, 976-981, 982, 983 
blood supply to, 1012, 1012, 1013, 
1014 
development of, 941-944, 943 
external anatomy of, 976-977 
venous drainage of, 1016 
Medulla spinalis. See Spinol cord 
Medullary artery, great anterior, 969 
Medullary branch(es) of vertebral 
artery, 699 
Medullary cord(s), 875, 875 
Medullary feeder artery{-ies), ante- 
rior, 966, 969-970 
posterior, 968, 969, 970 
Medullary lamina, external, 1018 
internal, 1019 
lateral, 1070, 1072 
medial, 1072 
Medullary sinus, 873, 875 
Medullary space(s), 118 
Medullary vein(s), anterior, 973, 974- 
g75 
great, 975 
posterior, 974, 975 
great, 976 
Medullary velum, 944 
inferior, 985, 985, 986, 991, 992, 994, 


996 

See also Superior medullory 
velum 

Meibomian gland(s), 1309, 1310, 
1310, 1311 


Meiosis, in oogenesis, 24, 27 
in spermatogenesis, 21, 24 
Meissner, submucous nerve plexus 
of, 1475, 1476, 1478 
Melanin, 1347 
Membrana spiralis, 1336-1337, 1336, 
1337 
Membrane(s), cell. See Cell mem- 
brone 
fetal, 51-58 
See also Allontois; 
Chorion; Yolk soc 
Meningeal artery, accessory, 680 
middle. See Middle meningeal or- 
tery 
posterior, 671 
Meningeal branch of anterior eth- 
moidal artery, 687 
Meningeal branch(es) of ascending 
pharyngeal artery, 671 
Meningeal branch(es) of hypoglossal 
nerve, 1190 
Meningeal branch of internal carotid 
artery, anterior, 685 
Meningeal branch of lacrimal artery, 
recurrent, 686 
Meningeal branch of mandibular 
nerve, 1166 
Meningeal branch 
nerve, 1162 


Amnion; 


of maxillary 


Meningeal branch(es) of occipital 
artery, 675-676 
Meningeal branch(es) of 
nerves, 1193 
Meningeal branch of vagus nerve, 

1186 
Meningeal branch(es) of vertebral 
artery, 698 
Meningeal nerve, middle, 1162 
Meningeal vein, middle, 804 


spinal 


Meninges, 1121-1133, 1126, 1128, 
1132 

Meniscofemoral ligament, anterior, 
403 


posterior, 402, 403, 404 
Meniscus(-i), 334, 334 
of knee joint, 402, 408 
lateral, 400, 402, 403-405, 404 
medial, 400, 402-403, 402, 404 
Menstrual cycle, 1578 
Mental branch of inferior alveolar 
artery, 678-679, 679 
Mental canal, 181 
Mental foramen, 163, 163, 179, 180, 
181 
Mental nerve, 1163, 1166, 1169, 1176 
surface marking for, 72, 72 
Mental protuberance, 71, 163, 179, 
180 
Mental spine(s), 179, 180 
Mental tubercle(s), 163, 179, 180 
Mentalis, 440, 444, 445 
Mentohyoid, 458 
Mesaticephalic skull, 69 
Mesencephalic branch(es) of poste- 
rior cerebral artery, 701 
Mesencephalon. See Midbroin 
Mesenchyme, endocardial, 607-608 
vascular, development of, 41, 41 
Mesenteric artery. See Inferior mes- 
enteric ortery; Superior mes- 
enteric artery 
Mesenteric ganglion(-a), 
ment of, 955 
inferior, 1248, 1266, 1268 
superior, 1248, 1267 
Mesenteric lymph node(s), 912 
inferior, 901, 909, 909, 912 
superior, 901, 909, 911-912 
Mesenteric plexus, inferior, 1227, 
1252, 1271 
superior, 1227, 1252, 1271 
Mesenteric vein, inferior, 837, 838 
superior, 837-838, 838 
Mesenteriole of vermiform appen- 
dix, 1462, 1462, 1463 
Mesentery(-ies), 1453, 1459 
development of, 1406, 1407, 1408 
of jejunum and ileum, 1452, 
1473 
See also Mesocolon 
Mesentery proper, 1455, 1459 
Mesocardium, arterial, 622 
venous, 622 
Mesocolon, ascending, 1459 
descending, 1459 
development of, 1406, 1408, 1409 
iliac, 1455, 1459 


develop- 


sigmoid, 1454, 1455, 1455, 1459, 
1483 
transverse, 1451, 1454, 1455, 1458, 
1459 
Mesoderm, definitive (intraembry- 
onic), 34, 38, 40 
extraembryonic, 32, 33, 34 
paraxial, 42 
skeletal development from, 114 
somatic, 43, 44, 44, 607 
splanchnic, 43, 44, 44, 607 
Mesogastrium, dorsal, 1406, 1407, 
1408, 1409 
ventral, 1406, 1407, 1409, 1409 
Mesometrium, 1575 
Mesonephric duct, development of, 
1515, 1516 
female, 1522, 1523 
male, 1519, 1520 
Mesonephric tubule(s), 1515, 1516 
Mesonephros, 1515-1516, 1516 
in female, 1522 
Mesorchium, 1518, 1519 
Mesosalpinx, 1568, 1570, 1574, 1575 
Mesovarium, 1518, 1521, 1567 
Messenger RNA, 19-20 
Metacarpal artery(-ies). See Dorsal 
metacarpal artery(ies); Pal- 
mar metacarpal artery(-ies) 
Metacarpal bone(s), 249, 250, 254- 
259, 255, 256 
articulations of, 257, 258, 259, 259 
ossification of, 260, 260, 261, 262 
palpation of, 103 
1st, 257, 257, 306 
ossification of, 260, 260, 262 
2nd, 297-250, 257 
3rd, 258, 258, 260 
4th, 258, 258 
5th, 258, 259 
Metacarpal ligament(s), dorsal, 388 
interosseous, 388 
palmar, 388 - 
transverse, deep, 382, 388-389, 389 
superficial, 545-546 
Metacarpal vein(s), dorsal, 823, 823, 
824 
palmar, 824 
Metacarpophalangeal joint(s), 382, 
388-389, 389 
movements of, 389-390 
palpation of, 104 
Metacentric chromosome, 15, 16 
Metanephros, 1516-1517, 1516 
Metaphase, 12, 13, 14 
Metaphyseal artery(-ies), 317 
Metatarsal artery(-ies), dorsal, 776, 
776 
plantar, 780, 780, 781 
Metatarsal bone(s), 292, 293, 300-303 
articulations of, 303 
ossification of, 304, 304 
palpation of, 110 
1st, 301, 301, 306 
ossification of, 304, 304 
palpation of, 108 
2nd, 301-302, 302 
palpation of, 108 


3rd, 302, 302 
4th, 302-303, 302 
5th, 303, 303 
palpation of, 110 
Metatarsal ligament(s), deep trans- 
verse, 421 
Metatarsal vein(s), dorsal, 848 
plantar, 849 
Metatarsophalangeal joint(s), 422 
movements at, 422, 590 
Metathalamus, 1025-1027 
development of, 948 
Metencephalon, 944-946, 946 
See also Cerebellum; Pons 
Metopic suture, 191-192, 192, 194 
Meyer, loop of, 1026, 1100, 1101, 1103 
Meynert, solitary cells of, 1086 
Microscope, electron, 2 
Midaxillary line, 82 
Midbrain, 998-1006, 1000, 1001, 1002, 
1003 
blood supply to, 1012, 1013, 1013, 
1015, 1016 
development of, 946-947, 947 
venous drainage of, 1015 
Midbrain flexure, 941, 942 
Midbrain tectum, 987, 999, 1003-1006 
development of, 947 
Midbrain tegmentum, 1000, 1001- 
1003 
development of, 947 
Midcarpal joint, 385, 386 
movements of, 386 
' surface marking for, 104 
Midclavicular line, 82, 91 
Middle cardiac nerve, 1258, 1259 
Middle cardiac vein, 664, 798, 799 
Middle cerebellar peduncle(s), 977, 
978, 981, 987, 991, 996-998, 997, 
998 
Middle cerebral artery, 689, 691, 692, 
693, 1110, 1114-1115, 1114 
anterior, 1120 
branches of, 691, 1115-1119, 1115, 
1117, 1118, 1119 
development of, 1111 
Middle cerebral vein, deep, 807 
superficial, 805, 806 
Middle cervical sympathetic gan- 
glion, 1181, 1183, 1184, 1200, 
1252, 1256, 1257-1259, 1258 
Middle colic artery, 740, 743-744, 743 
Middle colic lymph node(s), 901, 912 
Middle colic vein, 838 
Middle collateral artery, 718, 718 
Middle cranial fossa, 171-172, 171 
fractures of, 179 
Middle cricothyroid ligament. See 
Cricothyroid ligament 
Middle cutaneous nerve of thigh, 
TZo2 
Middle ear. See Tympanic cavity 
Middle frontal gyrus, 1037, 1038, 
1039, 1041 
Middle genicular artery, 768, 772 
Middle germ layer. See Mesoderm 
Middle glenohumeral ligament, 372, 
373 
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Middle hemorrhoidal 
Biexus, 1271 
Middle hepatic artery, 738 
Middle hyothyroid ligament, 1369 

Middle lobe artery, 659-660, 660 

Middle lobe bronchus, right, 1378 

Middle lobe vein, 796 

Middle meningeal artery, 73, 75, 679- 
680, 679 

development of, 655 

Middle meningeal nerve, 1162 

Middle meningeal vein, 804 

Middle nasal concha, 174, 175, 175, 
210, 210, 211 

Middle nasal meatus, 174, 175-176, 
175, 210, 210, 211, 1360, 1361 

Middle palmar space, 548, 549 

Middle pharyngeal constrictor, 1429, 
1443, 1444, 1445 

Middle piece, of spermatozoon, 21, 
ep pera 

Middle puboprostatic ligament, 506, 
1543 

Middle radioulnar union, 377, 378, 
380-381 

Middle rectal artery, 749, 750, 751- 
792 

Middle rectal nervous plexus, 1271 

Middle rectal vein, 841, 842 

Middle sacral artery, 732, 745, 747- 
748 

Middle subscapular nerve, 
1208, 1210 

Middle superior alveolar branch of 
maxillary nerve, 1165 

Middle superior dental branch of 
maxillary nerve, 1165 

Middle supraclavicular nerve(s), 
1201, 1202, 1210 

Middle suprarenal artery(-ies), 745- 
746 

Middle temporal artery, 677, 679 

Middle temporal gyrus, 1037, 1038, 
1043 

Middle temporal sulcus, 1037, 1038, 
1042 

Middle temporal vein, 801, 803 

Middle thyrohyoid ligament, 1369 

Middle thyroid vein, 819, 820 

Middle umbilical fold, 1453, 1454, 
1543 

Middle vesical artery, 751 

Midsternal line, 82 

Milk, ‘‘witches,” 1583 

Milk line, 1582 

Mitochondrion(-a), 7-9, 8, 9, 11 

in cardiac muscle fibers, 640, 642 

Mitosis, 11-12, 13, 14 

Mitral cell(s), 1050, 1051, 1052 

Mitral valve, 84, 85, 631, 632, 634, 635 

Moderator band, 629, 633 

Modiolus, 1329, 1330 

Molar(s), 1414, 1415, 1417 

Molar gland(s), 1412 

Molecular layer of cerebral cortex, 
1076, 1077, 1078 

Molecular layer of hippocampus, 
1066, 1067 


nervous 


1205, 
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Monocyte(s), in connective tissue, 
307 
Monorchism, 1554 
Monro, foramen of. See Interven- 
tricular foramen(-ina) 
Mons pubis, 97, 98, 1579, 1580 
Mons Veneris. See Mons pubis 
Montgomery, glands of, 1582 
Morgagni, columns of, 1485, 1485, 
1488 
hydatids of. See Testicular appen- 
dix; Vesicular appendix(-ces) 
pharyngeal sinus of, 1444 
Morula, 28, 29 
Mossy fiber(s), 1067, 1067 
Motor cortex, 1083, 1084, 1091-1095, 
1092, 1093, 1094 
Motor root(s). See Ventral root(s) 
Motor unit, 436, 592 
Mouth, 1410-1413, 1411 
development of, 1402, 1403, 1403 
lymphatics of, 881-883 
muscles of, 440, 443-447, 444, 445, 
446 
visceral afferent fibers from, 1246 


Mouth cavity proper, 1410-1411, 
1411, 1437 
Mucopolysaccharides, acid, in 


ground substance, 308 
Muller, orbitalis muscle of, 1307 
sustentacular fibers of, 1299, 1301 
Miullerian duct(s). See Parameso- 
nephric duct(s) 
Multicuspid(s), 1414, 1415, 1417 
Multifidus muscle, 467, 470, 471, 472 
Multiform layer of cerebral cortex, 
1077, 1078, 1078 
Muscle(s), 429-599 
actions of, 436-437 
bipennate, 434, 435 
cardiac. See Myocardium 
contraction of. See Muscle con- 
traction 
crossed, 434-436 
development of, 429-431 
forms and attachments of, 434- 
436, 435 
fusiform, 434, 435 
insertion of, 436 
joint movement limitation by, 337- 
338 
ligamentous action of, 338 
multipennate, 434, 435 
naming of, 436 
oblique, 434, 435 
of abdomen, 483-498 
palpation of, 85-88, 87 
of back, 464-473 
palpation of, 80, 81, 101 
of head and neck, 437-463, 473- 
475 
palpation of, 71-72, 75 
of lower limb, 556-590 
palpation of, 107, 108, 109, 110, 
110 
of pelvis, 498-500 
of perineum, 508-512 
of thorax, 475-482 
of upper limb, 512-556 


palpation of, 87, 101, 104, 105 
origin of, 436 
overlapping, 434-436 
parallel, 434, 435 
passive insufficiency of, 338 
pennate, 434, 435 
skeletal, 429 
blood supply of, 592 
cellular features of, 593-594, 
594, 595 
cross striations of, 593-594, 595 
innervation of, 592-593 
lymphatics of, 870 
structure of, 590-598, 591, 592, 
093, 594, 595, 596, 597, 598, 599, 
600 
ultrastructural features of, 594- 
598, 596, 597, 598 
smooth, 590-591 
somatic, 429 
spiral, 434-436, 435 
striated, 429 
triangular, 434 
unipennate, 434, 435 
voluntary, 429 
See also particular muscles 
Muscle contraction, 436-437 
duration and speed of, 594 
ultrastructural studies of, 595, 597 
Muscle fiber(s), 590 
arrangement of, 591, 591 
attachment of, 592, 592 
cardiac, 640-641, 641, 642 
extrafusal, 593, 593 
intrafusal, 593, 593 
red, 594 
white, 594 
Muscle-nerve migration, 430-431 
Muscular system, 5 
Muscular triangle, 76-77, 77, 461 
Muscularis mucosae, of esophagus, 
1448, 1448 
of large intestine, 1485, 1486 
of small intestine, 1474, 1475 
of stomach, 1467, 1468, 1468 
Musculocutaneous nerve, 1205, 1208, 
1212-1213, 1214 
surface markings for, 100, 102, 
105-106 
Musculocutaneous nerve of foot, 
1229, 1230, 1231, 1237, 1242, 
1243 
Musculophrenic artery, 708-709, 708 
Musculospiral nerve. See Radial 
nerve 
Musculus(-i) pectinatus(-i), 628 
Musculus suspensorius duodeni, 
1472 
Musculus uvulae, 1440-1441, 1440 
Myelencephalon, 941-944 
Myelin, 941 
Myenteric plexus, 1476, 1476, 1478 
Mvlohyoid artery, 678 
Mylohyoid groove, 180, 181 
Mylohyoid line, 180, 181 
Mylohyoid muscle, 78, 458-459, 458, 
460 
Mylohyoid nerve, 1162, 1163, 1166, 
1168, 1169 


Myocardial lymphatic plexus, 870, 
892 
Myocardium, 636-637 
development of, 38, 608-609, 608, 
609 
histology and ultrastructure of, 
640-644, 641, 642, 643 
Myocele, 42, 43 
Myofibril(s), 593, 594 
Myofilament(s), 594, 596, 597 
actin, 594-595, 596, 597 
myosin, 594-595, 596, 597 
Myology, 5 
Myometrium, 1577 
Myosin myofilament(s), 594-595, 596, 
507 
Myotome, 42, 43 


Nail(s), 1350-1351, 1350 
development of, 1345 
Nail matrix, 1350, 1350 
Naris(-es), 176, 1358, 1360 
Nasal aperture, anterior, 163, 173, 
176 
bony, 162 
posterior. See Choana(e) 
Nasal artery, dorsal, 687, 688 
Nasal bone(s), 212, 212, 213 
Nasal branch(es) of anterior ethmoi- 
dal artery, 687 
Nasal branch of facial artery, lat- 
eral, 674 
Nasal branch(es) of maxillary nerve, 
external, 1162, 1165 
branch(es) of nasociliary 
nerve, lib 
Nasal branch(es) of pterygopalatine 
nerve, posterior, inferior, 1164 
superior, 1151, 1164 
Nasal branch(es) of sphenopalatine 
artery, posterior lateral, 682 
Nasal cartilage(s), 162, 1359, 1359, 
1360 
Nasal cavity, 163, 173-176, 174, 175, 
1360-1363, 1361 
lymphatics of, 881 
visceral afferent fibers from, 1246 
Nasal concha, inferior, 162, 163, 174, 
175, 175, 221-222593222 
articulations of, 222, 222 
lacrimal process of, 222, 222 
ossification of, 222 
middle, 174, 175, 175, 210, 210, 211 
superior, 174, 175, 175, 210, 210, 211 
Nasal crest of maxilla, 218 
Nasal crest of palatine bone, 219 
Nasal duct. See Nasolacrimal duct 
Nasal fossa(e), 1360 
Nasal lamina(e), 48 
Nasal meatus, inferior, 174, 175, 176, 
1361, 1362 
middle, 174, 175-176, 175, 210, 210, 
211, 1360, 1361 
superior, 174, 175, 175, 210, 210, 
211, 1360, 1361 
Nasal notch, 192, 213, 214 
Nasal pit(s), 48, 49 
Nasal process, lateral, 48, 48, 49, 50 
medial, 48, 49 


Nasal 


Nasal septum, 50, 50, 173-175, 174, 
222, aco 
Nasal spine of frontal bone, 192, 192, 
193 
Nasal spine of maxilla (anterior), 
162, 214, 215, 218 
Nasal spine of palatine bone (poste- 
rior), 167, 217, 219, 220 
Nasal vein(s), external, 801, 802 
Nasalis, 440, 443, 444 
Nasion, 70, 71, 75, 162, 192 
Nasmyth’s membrane, 1423 
Nasociliary nerve, 1151, 1156, 1157, 
1158, 1161, 1168, 1176 
Nasolabialis, 445, 446 
Nasolacrimal canal, 164, 214 
Nasolacrimal duct, 72, 73, 1311, 
1912 
development of, 1290 
Nasolacrimal sulcus, 48 
Nasooptic furrow, 1290 
Nasopalatine artery, 682 
Nasopalatine groove, 222, 223 
Nasopalatine nerve, 1151, 1164 
Nasopalatine recess, 1362 
Nasopharynx, 1438, 1442, 1443 
Natatory ligament, 545-546 
Navicular bone, 298-299, 298 
ligaments connecting to calca- 
neus, 416-418 
ossification of, 304, 304 
palpation of, 108 
Navicular fossa. See Fossa navic- 
ularis 
Navicular tuberosity, 298-299, 298 
palpation of, 108 
Neck, arteries of, 666-709 
bones of. See Vertebral column 
lymphatics of, 880, 882, 884-887, 


885 
muscles and fasciae of, 452-463, 
453, 473-475 
development of, 430 ‘ 
surface anatomy of, 73-79, 76, 77, 
80 


triangles of, 75-79, 77, 461 
veins of, 801, 815, 816-820, 817, 820, 
821 
visceral afferent fibers from, 1246 
Neocerebellum, 996 
Neocortex, cytoarchitectonics and 
myeloarchitectonics of, 1078- 
1081, 1080, 1081, 1082 
structure of, 1076-1078, 1077, 1078 
Neopallium, development of, 951- 
954 
Neostriatum, 1069, 1070 
afferent fibers to, 1072-1073, 1074 
efferent fibers from, 1073-1074, 
1074 
See also Caudate iiucleus; Pu- 
tamen 
Nephron, 1533-1535, 1534 
development of, 1517 
Nephrostems. 1°? 7216 
Nephrotome, 4" 
Nerve fiber(s), in bone, 317 
types of, 1149 
visceral, afferent, 1245-1247 


Nerve fiber sheath(s), development 
of, 940-941 
Nerve of pterygoid canal, 1163, 1168, 
1172, 1254 
Nerve of tensor tympani, 1163, 1166 
Nerve of tensor veli palatini, 1166 
Nervous system, 5 
development of, 933-957 
muscular development and, 430- 
431 
peripheral, 1149-1272 
See also Central nervous system; 
Parasympathetic nervous 
system; Sympathetic nervous 
system; Visceral nervous sys- 
tem; particular structures 
Nervus clunium inferior medialis, 
1235, 1238 
Nervus communicans tibialis, 1238, 
1239 
Nervus(-i) cranialis(-es). See Cranial 
nerve(s) 
Nervus erigens, 1251 
Nervus furcalis, 1225 
Nervus intermedius, 1170, 1171 


Nervus ischiadicus. See Sciatic 
nerve 

Nervus octavius. See Vestibulococh- 
lear nerve 

Nervus olfactorius. See Olfactory 
nerve(s) 


Nervus opticus. See Optic nerve 
Nervus spinosus, 1166 
Nervus statoacusticus. See Vestibu- 
locochlear nerve 
Nervus terminalis, 1149-1150 
Neumann, dentinal sheath of, 1418 
Neural arch. See Vertebral arch(es) 
Neural crest, derivatives of, 940 
development of, 37, 37, 939-940, 
939 
Neural fold(s), 36, 36, 37, 38, 934 
Neural groove, 36, 36, 37, 934, 934 
Neural induction, 934 
Neural plate, 934, 934 
Neural tube, 36-38, 37, 38, 934, 934 
histogenesis of, 935-936, 935 
Neurenteric canal, 35-36, 38 
Neurilemma, development of, 940- 
941 
Neurocentral 
144, 145 
Neurocranium, 123 
cartilaginous, 123-124, 124, 125, 
126 
membranous, 123, 124 
Neurohypophysis, 1602, 1602t, 1603 
function of, 1604 
Neurology, 5 
Neuromere(s), 937, 960, 963 
Neuromuscular spindle(s), 592-593, 
593 
Neuron(s), postganglionic, 954 
preganglionic, 954 
Neuropore, anterior, 36, 39 
posterior, 36, 39 
Neurotendinous endings of Golgi, 
309 
Nidus avis, 991, 995 


synchondrosis(-es), 
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Nigrostriatal projection, 1073 
Ninth nerve. See Glossopharyngeal 
nerve 
Nipple, 82, 1582, 1585 
Nodose ganglion, 1182, 1183 
Nodulus vermis, 990, 991, 992, 993, 
994 
Nomenclature, 4-5 
Nomina Anatomica, 4-5 
Norma basalis, 167-170, 167, 168 
Norma frontalis, 162-163, 163 
Norma lateralis, 158, 159 
Norma occipitalis, 166-167 
Norma verticalis, 158 
Nose, 1358-1365 
accessory sinuses of. See Para- 
nasal sinus(es) 
cartilages of, 1358-1359, 1359, 1360 
development of, 47-50, 48, 49, 50 
external, 1358-1360, 1359, 1360 
muscles of, 443 
vessels and nerves of, 1360 
visceral afferent fibers from, 1246 
Nostril(s), 176, 1358, 1360 
Notochord, 34-36, 37 
Notochordal canal, 35 
Notochordal process, 35 
Nuchal fascia, 464-465 
Nuchal line, highest, 166, 186, 186 
inferior, 166, 170, 186, 186 
median. See Occipital crest, ex- 
ternal 
superior, 69, 70, 166, 170, 186, 186 
Nuchal plate, 124, 125 
iNweke canal of, 1524, 1575 
Nuclear envelope, 7, 8, 10, 10, 11 
Nuclear fragmentation, 12 
Nuclear pore(s), 10, 10 
Nucleic acid, 17 
Nuclein, 17 
Nucleolus(-i), 10, 11 
Nucleoplasm, 10 
Nucleus, 8, 10-11, 11 
segmentation, 28, 28 
Nucleus accumbens, 1060 
Nucleus centralis lateralis, 1022 
Nucleus centralis medialis, 1021 
Nucleus centromedianus, 1020, 1022 
Nucleus cuneatus, 980 
tuberculum of, 977, 980, 987 
Nucleus gracilis, 980 
tuberculum of, 977, 980, 980, 987 
Nucleus intercalatus, 982, 988, 1034 
Nucleus lateralis dorsalis, 1020, 1022 
Nucleus lateralis posterior, 1020, 
1022 
Nucleus limitans, 1022 
Nucleus medialis dorsalis, 1021-1022 
Nucleus of inferior colliculus, 1002, 
1004 
Nucleus(-i) of posterior commissure, 
1003 
Nucleus parafascicularis, 1020, 1022 
Nucleus pigmentosus pontis, 988 
Nucleus(-i) pontis, 982 
Nucleus pulposus, 348 
formation of, 122 
Nucleus pulvinaris, 1020, 1022-1023 
Nucleus reuniens, 1021 
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Nucleus rhomboidalis, 1021 


Nucleus ventralis anterior, 1020, 
1023 

Nucleus ventralis lateralis, 1020, 
1023 


Nucleus ventralis posterior, 1020, 
1023-1025 
Nucleus ventralis posterolateralis, 
1025 
Nucleus ventralis posteromedialis, 
1023-1025, 1024 
Nuel, space of, 1338 
Nutrient artery(-ies), 317 
of bone, direction of growth, 119 
See also under particular bones 
Nutrient vein(s), 317 
Nutrient vessel(s), of lymphatic ves- 
sels, 873 
Nympha(e). See Labium(-a) minus 
(-ora) 


Obelion, 71, 158 
Oblique arytenoid muscle, 1375 
Oblique  carpometacarpal _liga- 
ment(s) of thumb, 387 
Oblique cord, 377, 378, 381 
Oblique muscle. See Obliquus en- 
tries 
Oblique pericardial sinus, 622, 622 
Oblique popliteal ligament, 399, 400 
Oblique vein of left atrium, 623, 798, 
799 
development of, 612, 616, 789, 791, 
792 
Obliquus auriculae, 1317 
Obliquus capitis inferior, 472, 474- 
475, 474 
Obliquus capitis superior, 472, 474, 
475 
Obliquus externus abdominis, 484- 
488, 486 
aponeurosis of, 485, 487, 492-493, 
494 
palpation of, 83, 87, 87, 105 
Obliquus inferior oculi, 1305, 1305, 
1306, 1307 
Obliquus internus abdominis, 488- 
489, 489, 490 
aponeurosis of, 493, 494 
Obliquus superior oculi, 1305, 1305, 
1306, 1307 
Obturator artery, 749, 750, 752-753, 
765 
variations of, 753, 753 
Obturator crest, 268-269 
Obturator externus, 570-571, 571 
Obturator fascia, 499, 500-501, 501, 
504, 505 
Obturator foramen, 264, 266, 269-270 
sex differences in, 273, 274 
Obturator groove, 269-270 
Obturator internus, 567, 568-570, 569 
Obturator lymph node, 897, 908 
Obturator membrane, 364, 569-570 
Obturator nerve, 1226, 1227, 1228, 
1229-1230, 1231 
accessory, 1226, 1231 
Obturator tubercle(s), 270 
Obturator vein, 841-842, 841 


Occipital artery, 78, 668, 672, 675, 679 
lateral, 1113 
medial, 1113 
Occipital bone, 185-189, 186, 187 
articulations of, 187, 189 
development of, 124 
ligaments connecting axis with, 
343, 343, 344 
ossification of, 188, 189 
structure of, 189 
Occipital branch(es) of occipital ar- 
tery, 676 
Occipital branch of posterior auric- 
ular artery, 672, 676, 679 
Occipital (calearine) branch of pos- 
terior cerebral artery, 690, 703 
Occipital condyle(s), 168, 169, 186, 
187 
Occipital crest, external, 166, 170, 
186, 186 
internal, 173, 187 
Occipital diploic vein, 814-815, 814 
Occipital emissary vein, 815, 816 
Occipital eye field(s), 1095 
Occipital fasciculus, perpendicular, 
1101, 1102 
Occipital fossa(e), inferior, 173 
Occipital groove, 198, 198 
Occipital gyrus(-i), lateral, inferior, 
1037, 1042 
superior, 1037, 1042 
Occipital horn of lateral ventricle, 
1103, 1104, 1105, 1105, 1107, 
1108 
Occipital lobe, inferior surface of, 
1038, 1045, 1049 
medial surface of, 1038, 1045, 1047 
superolateral surface of, 1037, 
1038, 1041-1042, 1041 
Occipital lymph node(s), 880, 883, 
885 
palpation of, 72 
Occipital lymphatic vessel(s), 880 
Occipital nerve, greater, 1194, 1194, 
1201 
least (3rd), 1194, 1194 
lesser. See Lesser occipital nerve 
Occipital pole of cerebrum, 1036 
Occipital protuberance, external, 69, 
166, 168, 170, 185, 186 
internal, 186, 187 
Occipital sinus, 187, 187, 810, 811, 
815 
Occipital sulcus, lateral, 1037, 1038, 
1041 
transverse, 1037, 1038, 1041, 1041 
Occipital triangle, 77, 78-79, 461 
Occipital vein, 78, 801, 803 
Occipitalis minor, 441, 456 
Occipitoaxial ligament(s), 343, 343, 
344 
Occipitofrontal fasciculus, inferior, 
1101, 1102, 1102 
superior, 1102, 1102 
Occipitofrontalis muscle, 438-439, 
440, 444 
action of, 440-441 
nerves to, 441 
variations in, 441 


Occipitomastoid suture, 159, 166 
Occipitotemporal branch of medial 
occipital artery, 1113 
Occipitotemporal gyrus, 
1038, 1045, 1049 
medial, 1038, 1045, 1049 
Occipitotemporal sulcus, 1038, 1042, 
1043, 1045, 1048-1049 
Ocular muscle(s), 1303-1307, 1305, 
1306 
Oculomotor nerve (111), 1150, 1152t, 
1155-1158, 1156, 1157, 1158, 
1170, 1183 
development of, 947, 947, 957 
parasympathetic efferent fibers of, 
1157, 1249 
Oculomotor nerve branch of poste- 
rior communicating artery, 
1114 
Oculomotor nucleus, 1002, 1003 
Oddi, sphincter of, 1476 
Odontoblast(s), 1418, 1421, 1423 
Odontoid process. See Dens 
Olecranon, 240, 240, 241, 247 
palpation of, 83, 101, 104 
Olecranon fossa, 235, 236, 238 
Olfactory area(s), 47-48 
Olfactory bulb, 1030, 1050-1051, 
1050, 1052, 1053, 1054 
Olfactory cell(s), 1283, 1285 
Olfactory foramen(-ina), 209 
Olfactory glomerulus(-i), 1050, 1051, 
1052 
Olfactory gyrus, lateral, 950, 1052, 
1054, 1054, 1055 
medial, 950, 1052 
Olfactory hair(s), 1283 
Olfactory lobe, development of, 950, 
950 
See also particular structures 
Olfactory nerve(s) (I), 1150-1151, 
1151, 1152t, 1283, 1284, 1285, 
1363 
Olfactory nucleus, anterior, 1051, 
1052 
Olfactory pit(s), 48, 49 
Olfactory region, 1283 
Olfactory stria, intermediate, 1052- 
1053, 1052, 1053 
lateral, 1052, 1052, 1053 
medial, 1052, 1052, 1053 
Olfactory sulcus, 1048, 1048, 1053 
Olfactory tract, 1030, 1051, 1052, 
1053, 1054 
lateral, nucleus of, 1054, 1055 
Olfactory trigone, 1051-1052, 1053 
Olfactory tubercle, 1053 
Olivary nucleus(-i), accessory, dor- 
sal, 943, 979 
medial, 943, 979 
development of, 942, 943 
inferior, 943, 979 
Olive, 978, 979, 982 
Omental bursa, 1452, 1456-1457, 1458 
development of, 1406-1407, 1408- 
1409, 1409 
Omental recess(es), 1456, 1458 
Omentum majus. See Greater omen- 
tum 


lateral, 


Omentum minus. See Lesser omen- 
tum 
Omoclavicular triangle, 77, 79, 461 
Omohyoid muscle, 76, 77, 458, 460- 
461, 460 
Omphalomesenteric artery. See Vi- 
telline artery 
Omphalomesenteric duct. See Yolk 
stalk 
Omphalomesenteric vein(s). See Vi- 
telline vein(s) 
Ontogeny, 2 
Oocyte(s), 24, 27 
Oogenesis, 24, 27 
Ootid, 24, 27 
Operculofrontal artery(-ies), 1116 
Operculum(-a) of insula, 1043-1044 
development of, 954, 954 
Ophthalmic artery, 685, 686, 692 
Ophthalmic ganglion. See Ciliary 
ganglion 
Ophthalmic nerve, 1159-1160, 1170 
branches and communications of, 
1160-1161, 1164 
Ophthalmic vein, inferior, 813, 815 
superior, 812-813, 812, 815 
Opisthion, 169 
Opponens digiti minimi, of foot, 589 
of hand, 551, 552, 554 
Opponens hallucis, 589 
Opponens pollicis, 550, 551, 552, 553 
Opposition of thumb, 550 
Optic axis, 1290 
Optic canal, 203, 203, 204, 206 
Optic chiasma, 1154, 1155 
formation of, 946, 949, 949, 1287 
Optic cup, 948, 1286, 1287 
Optic disc, 1294, 1295 
Optic fissure, 1286, 1287 
Optic foramen, 166, 171, 171 
Optic groove. See Chiasmatic 
groove 
Optic nerve (Il), 1150, 1151-1155, 
1152t, 1154, 1158 
development of, 948, 1287-1288 
Optic radiation, 1026, 1100, 1101, 
1103 
Optic stalk, 944, 945, 948, 949, 1286, 
1287 
Optic tract, 1154, 1155 
formation of, 949 
Optic vesicle(s), 948, 949, 1286, 1286, 
1287 
Ora serrata, 1293, 1294, 1300, 1301 
Oral cavity, 1410-1411, 1411 
Orbicularis oculi, 440, 441-442, 442, 
444 
action of, 442-443 
nerves to, 443 
palpebral fibers of, 1308, 1309 
Orbicularis oris, 440, 444, 445-446, 
445 
Orbiculus ciliaris, 1293, 1293 
Orbit(s), 163-166, 164, 165, 166 
lateral wall of, 162, 165 
margin of, 71, 162 
roof of, 164, 193 
Orbital branch(es) of anterior cere- 
bral artery, 690, 690 


Orbital branch(es) of infraorbital 
artery, 681 
Orbital branch(es) of middle cere- 
bral artery, 691 
Orbital branch(es) of pterygopala- 
tine nerves, 1163 
Orbital fissure, inferior, 160, 161, 162, 
165, 206 
superior, 162, 165, 171, 172, 203, 
204, 206 
Orbital gyrus, anterior, 1048, 1048 
lateral, 1048, 1048 
medial, 1048, 1048 
posterior, 1048, 1048 
Orbital nerve, 1157, 1158, 1162-1163, 
1162, 1176 
Orbital operculum, 1043-1044 
development of, 954 
Orbital plate(s) of frontal bone, 164, 
170, 193, 193 
Orbital process of palatine bone, 
219, 220, 221 
Orbital septum, 1307, 1308 
Orbital sulcus(-i), 1048, 1048 
Orbitalis muscle, 1307 
Orbitofrontal artery, lateral, 689, 
691, 1114, 1115, 1116, 1117 
medial, 1115, 1116, 1120, 1121 
Organology, 2 
Organum oticum. See Ear(s) 


Organum _§ stato-acousticum. See 
Far(s) 

Organum vestibulocochleare. See 
Ear(s) 


Oronasal membrane, 48-49, 51 
Oropharynx, 1438, 1442, 1443 
Os acetabuli, 270 
Os centrale, 260 
Os coccygis. See Coccyx 
Os ethmoidale. See Ethmoid bone 
Os frontale. See Frontal bone 
Os hyoideum. See Hyoid bone 
Os occipitale. See Occipital bone 
Os parietale. See Parietal bone 
Os sacrum. See Sacrum 
Os sphenoidale. See Sphenoid bone 
Os temporale. See Temporal! bone 
Os trigonum, 294, 304 
Ossification, 114-119 

centers of, 116-117 

numbers of, 119 
secondary, 119, 120 
endochondral (intracartilaginous), 
116-119, 117, 118, 120 

intramembranous, 114-116 

See also under particular bones 
Osteoblast(s), 116, 315, 320, 321-323 
Osteoclast(s), 117-118, 118, 321, 322, 
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_Osteocyte(s), 116, 321, 323 


Osteodentin, 1420 

Osteogenic fiber(s), 116 

Osteology, 5, 114-323 

Osteoprogenitor cell(s), 321 

Ostium I (primum), 611, 613 

Ostium II (secundum), 611, 613 

Ostium maxillare, 1361, 1362 

Otic ganglion, 1163, 1168, 1179-1180, 
1180, 1248 
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development of, 955 
parasympathetic efferent fibers in, 
1179, 1249 
Otoconia, 1334 
Oval bundle, 937, 937 
Oval window, 1322, 1322, 1324, 1328, 
1331 
Ovarian artery, 746, 1575 
development of, 657 
Ovarian fimbria, 1567, 1570 
Ovarian follicle(s), 25, 26, 1568-1569, 
1569, 1578 
atresia of, 1569, 1570 
development of, 1521, 1522 
Ovarian fossa, 1456, 1538, 1567 
Ovarian ligament. See Ligament of 
ovary 
Ovarian plexus, 1271 
Ovarian vein, 835 
Ovary(-ies), 1567-1570, 1567, 1568, 
1569 
change in, during menstrual cycle, 
1578 
descent of, 1523-1524 
development of, 1521-1522, 1521 
lymphatics of, 870, 904 
palpation of, 95, 96, 96, 98 
structure of, 1568-1570, 1569 
vessels and nerves of, 1570 
Oviduct. See Uterine tube(s) 
Ovula Nabothi, 1577 
Ovulation, 25-27, 1570, 1578 
Ovum(-a), 23-27, 25 
fertilization of, 27-28, 28 
fertilized, development of, 28-29, 
29, 30 
maturation of, 27 
primitive, 1521-1522 
size of, 25t 
Oxytocin, 1604 


P wave, 639, 640 


Pacchionian body(-ies), 190, 809, 
1129 

Pacemaker of heart. See Sinuatrial 
node 


Pachymenix. See Dura mater 
Pain, referred, 1245-1246 
Palate, 1411, 1412-1413 
cleft, 49, 179 
hard, 167, 217, 217, 1411, 1412 
muscles of, 1439-1441, 1440 
primitive, 48, 51 
soft, 1411, 1412-1413 
structure of, 1441 
Palatine aponeurosis, 1439 
Palatine artery(-ies), ascending, 672, 
673, 679 
descending, 681 
greater, 681 
lesser, 681 
Palatine bone, 218-221, 219, 220 
ossification of, 221 
Palatine branch of ascending pha- 
ryngeal artery, 671 
Palatine canal, greater, 214, 215, 220 
Palatine crest, 219 
Palatine foramen(-ina), greater, 167, 
168 
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Palatine foramen{-ina) (Continued) 
lesser, 167, 168, 221 
Palatine groove, greater, 220, 220 
Palatine nerve(s), anterior (greater), 
1164, 1168 
lesser, 1163, 1164, 1168 
Palatine process(es), lateral, 49, 50, 
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Palatine process of maxilla, 215, 
216-218, 217 

Palatine tonsil, 1437-1439, 1437, 
1438, 1439 


development of, 1404 
lymphatic vessels from, 882 
structure of, 1439, 1439 
Palatine uvula, 1413, 1437 
Palatine vein, descending, 804 
external, 802 
Palatine velum, 1413, 1437 
Palatoglossal arch, 1437, 1437 
Palatoglossus, 1429, 1430, 1441 
Palatomaxillary suture, 164 
Palatopharyngeal arch, 1437, 1437 
Palatopharyngeus, 1441 
Palatovaginal canal, 207 
Palatum durum. See Palate, hard 
Palatum molle. See Polote, soft 
Palatum osseum, 1412, 1414 
Paleocerebellum, 996 
Paleocortex, 1076 
Paleostriatum. See Globus pallidus 
Pallidum. See Globus pallidus 
Palmar aponeurosis, 544-546, 545 
Palmar arterial arch, deep, 105, 106, 
725, 726, 728 
superficial, 105, 106, 720, 723-724, 
723 
Palmar branch of median nerve, 
1215-1216 
Palmar branch of radial artery, su- 
perficial, 720, 723, 725, 726, 727 
Palmar branch of ulnar artery, deep, 
720,./ 22-/ came; 7b 72D 
Palmar branch of ulnar nerve, 1218 
Palmar carpal branch of radial ar- 
tery, 725, 726-727, 726 
Palmar carpal branch of ulnar ar- 
tery, 721, 725 
Palmar carpal ligament, 541 
Palmar carpal network, 721, 725, 726, 
Vas 
Palmar carpometacarpal _liga- 
ment(s), 387 
of thumb, 387 
Palmar compartment, central, 547, 
547 
Palmar cutaneous branch of ulnar 
nerve, 1217 
Palmar digital artery{-ies), common, 
720, 723, 724, 725, 726 
proper, 723, 724, 725, 726 
Palmar digital branch(es) of ulnar 
nerve, 1218 
Palmar digital nerve(s), common, 
1216-1217, 1216 
Palmar digital vein(s), 823-824 
Palmar intercarpal ligament(s), 384, 
385 
Palmar interosseous fuscia, 548 


Palmar interosseous muscle(s), 551, 
595-556, 555 
Palmar ligament(s), of interphalan- 
geal joints, 389, 389 
of metacarpophalangeal 
388, 389 
Palmar lymphatic plexus, 887 
Palmar metacarpal artery({-ies), 725, 
726, 728 
Ist,-727) 
Palmar metacarpal ligament(s), 388 
Palmar metacarpal vein(s), 824 
Palmar radiocarpal ligament, 382, 
383-384 
Palmar septum, intermediate, 548 
Palmar space, middle, 548, 549 
Palmar surface, 2, 3 
Palmar venous arch, deep, 824 
superficial, 823-824 
Palmaris brevis, 545, 552 
Palmaris longus, 102, 103, 105, 530, 
531-532, 531 
Palmate fold(s), 1574 
Palpebra{e). See Eyelid(s) 
Palpebral arch, inferior, 687 
superior, 687, 687 
Palpebral artery({-ies), lateral, 685, 
687 
medial, 687 
Palpebral branch(es) of maxillary 
nerve, inferior, 1162, 1165 
Palpebral commissure{s), 72, 1308 
Palpebral fissure, 1308 
Palpebral ligament, lateral, 442 
medial, 442, 442, 444 
see also Orbitol septum 
Palpebral lymphatic vessel(s), 881 
Palpebral raphe, lateral, 442 
Palpebral vein, inferior, 801, 802 
superior, 802 
Pampiniform plexus, in female, 1570 
in male, 834, 835, 1551 
Pancreas, 1502-1507, 1504, 1505 
development of, 1502-1503, 1503 
function of, 1506 
lymphatics of, 869, 899, 902 
position of, 92-93, 94, 1449 
structure of, 1506-1507, 1506 
vessels and nerves of, 1507 
Pancreatic artery, caudal, 737, 739 
dorsal, 737, 738-739 
great, 737, 739 
transverse, 739 
Pancreatic duet, 1505-1506, 1505 
accessory, 1503, 1503, 1506 
development of, 1503, 1503 
structure of, 1506 
Pancreatic juice, 1506 
Pancreatic vein(s), 837 
Pancreaticoduodenal arcade, dorsal, 
736 
ventral, 737 
Pancreaticoduodenal artery, 
rior, 736, 740-741 
superior, 736, 737, 737 
Pancreaticoduodenal lymph node(s), 
899 
Pancreaticoduodenal vein(s) 
rior, 839 


joints, 


infe- 


Sine 


superior, anterior, 838-839, 838 
posterior, 839 
Pancreaticosplenic lymph nodes), 
898, 899, 911 
Paneth, cells of, 1475, 1476 
Panniculus adiposus, 431-432 
Papilla, mammary, 82, 1582, 1585 
Papilla incisiva, 1412 
Papilla(e) lacrimalis(-es), 1308, 1311, 
1312 
Papilla(e) of dermis, 1347, 1348 
Papilla of hair follicle, 1346, 1351, 
1352 
Papilla(e) of tongue, 1426, 1427-1428, 
1427, 1428 
Papilla parotidea, 1412 
Papilla(e) simplicis{-es), 1428 
Papillary muscle(s), of conus arteri- 
osus, 633 
of left ventricle, 631, 634 
of right ventricle, 629, 633 
septal, 633 
Paracardial lymph node(s), 898, 899, 
911 
Paracentral artery, 1116, 1121, 1121 
Paracentral lobule, 1038, 1045, 1047 
Paracentral nucleus, 1022 
Paracentral sulcus, 1045-1046, 1045 
Parachordal cartilage(s), 123, 123 
Paracolic lymph node(s), 901, 912 
Paradidymis, 1558 
development of, 1519 
Paraduodenal fossa, 1461 
Parafascicular nucleus, 1020, 1022 
Paraganglion(-a), 1607 
Parahippocampal gyrus, 1038, 1045, 
1049 
development of, 1061, 1062 
Parallel striae, 1419 
Paramastoid process, 188 
Paramedial sulcus, 1039 
Paramesonephric duct{s), 1522-1523 
in female, 1522-1523, 1523 
in male, 1520, 1522 
Paramesonephric eminence, 1522 
Parametrium, 1573, 1574-1575 
Paranasal sinus(es), 1361, 1363-1365, 
1363, 1364, 1365 
surface markings for, 73, 73 
See also particular sinuses 
Paranephric body, 1530, 1531 
Pararectal fossa, 1455 
Pararectal lymph node(s), 912 
Pararenal fat, 1530, 1531 
Parasternal lymph node({s), 893-894 
Parasubiculum, 1064, 1065 
Parasympathetie ganglion{-a), de- 
velopment of, 955 
Parasympathetic nervous system, 
1247-1251, 1248 
development of, 955 
Parataenial nucleus, 1021 
Paraterminal gyrus, 1046, 1059 
Parathormone, 1600 
Parathyrin, 1600 
Parathyroid gland({s), 
1599, 1600 
Paratracheal lymph node({s), 887, 
895, 895 


1599-1600, 


Paraumbilical vein(s), 839 
Paraurethral gland(s), 1548 
Paraventricular nucleus of hypo- 
thalamus, 1031, 1032, 1033 
Paraventricular nucleus(-i) of thala- 
mus, 1021 
Paravesical fossa, 1456, 1539 
Paraxial mesoderm, 42 
Parietal artery, anterior, 1115, 1118, 
1118 
posterior, 1115, 1118, 1118 
Parietal bone, 189-191, 190, 191 
ossification of, 191 
Parietal branch(es) of anterior cere- 
bral artery, 690, 691 
Parietal branch of medial occipital 
artery, 1113, 1116 
Parietal branch(es) of middle cere- 
bral artery, 689, 691 
Parietal branch of middle meningeal 
artery, 679-680 
Parietal branch of superficial tempo- 
ral artery, 672, 677, 679 
Parietal cell(s), 1468, 1469 
Parietal eminence, 69, 158, 189, 190 
Parietal emissary vein, 816 
Parietal foramen, 158, 170, 189, 190 
Parietal lobe, medial surface of, 
1038, 1045, 1046-1047 
superolateral surface of, 
1038, 1040-1041, 1041 
Parietal lobule, inferior, 1037, 1038, 
1040-1041, 1041 
superior, 1037, 1038, 1040, 1041 
Parietal notch, 195, 197 
Parietal operculum, development of, 
954, 954 
See also Frontoparietal opercu- 
lum 
Parietal vein(s) of fetus, 788-792 
Parietomastoid suture, 159, 166 
Parieto-occipital arcus, 1037, 1038, 
1040, 1041, 1042 : 
Parieto-occipital artery, 1116, 1121, 
1121 
Parieto-occipital branch of medial 
occipital artery, 1113, 1116 
Parieto-occipital branch of middle 
cerebral artery, 689, 691 
Parieto-occipital branch of posterior 
cerebral] artery, 690, 703 
Parieto-occipital gyrus, 1037, 1038, 
1040, 1041, 1042 
Parieto-occipital sulcus, 1037, 1038, 
1041, 1045, 1047 
Parietotemporal branch of middle 
cerebral artery, 689, 691 
Paris Nomina Anatomica, 5 
Parkinson's disease, 1001, 1073 
Parolfactory area, 1045, 1046, 1046, 
1059 
Parolfactory sulcus, anterior, 1046, 
1046 
posterior, 1046, 1046 
Parodphoron, 1522, 1523, 1568, 1568 
Parotid branch(es) of auriculotem- 
poral nerve, 1167-1168 
Parotid duct, 71-72, 72, 1433, 1434 
Parotid fascia, 454-455, 454 


1037, 


Parotid gland, 1432-1434, 1433 
development of, 1403 
surface markings for, 71, 78 
Parotid lymph node(s), deep, 883, 885 
palpation of, 72 
superficial, 880, 881, 883 
Parotid plexus, 1175-1176 
Parotid vein(s), 802 
Parotid-masseteric fascia, 448 
Parovarium. See Epoophoron 
Pars ciliaris retinae, 1293, 1294, 1297, 
1300, 1301 
development of, 1287, 1288 
Pars flaccida, 1321, 1321 
Pars functionalis of endometrium. 
See Decidua 
Pars iridica retinae, 1294, 1297, 1300, 
1301 
development of, 1287, 1288 
Pars optica hypothalami. See Preop- 
tic region 
Pars retrolenticularis of 
capsule, 1100 
Pars sublenticularis of internal cap- 
sule, 1100 
Pars tensa, 1321, 1321 
Pars thalamolenticularis of internal 
capsule, 1099-1100 
Patella, 282-284, 283 
articular surface of, 283-284, 283, 
398, 398, 407, 408 
articulation of, 284 
movements of, 407 
ossification of, 284 
palpation of, 107, 107, 110 
role of, in movement, 408 
structure of, 284 
Patellar ligament, 399, 400, 563 
Patellar plexus, 1196, 1230, 1232, 
1235 
Patellar retinaculum(-a), 399, 399, 
400 
Patent interventricular septum, 635 
Patent omphalomesenteric duct, 58 
Pathological anatomy, 6 
Pecten pubis, 266, 268 
Pectinate ligament of iris, 1296 
Pectineal ligament, 487-488 
Pectineal line of femur, 277, 279 
Pectineal line of pubis, 266, 268 
Pectineus, 558, 563-564 
Pectoral branch(es) of thoracoacro- 
mial artery, 695, 712 
Pectoral fascia, 516-517, 517 
Pectoral lymph node(s), 889, 891 
Pectoral nerve, lateral (superior), 
1205, 1208, 1209, 1214, 1258 
medial (inferior), 1205, 1208, 1209, 
1214 
Pectoralis major, 518-520, 519 
bursa of, 374 
in respiration, 482 
palpation of, 81, 83, 87, 100, 104, 
105 
Pectoralis minimus, 521 
Pectoralis minor, 104, 520-521, 520 
in respiration, 482, 520 
Pedicle of vertebral arch, 129-130, 
129, 130 


internal 
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of axis, 133-134, 133 
of cervical vertebra, 131, 131 
of lumbar vertebra, 137, 137, 138 
of thoracic vertebra, 135, 135, 136 
Pediculus arcus vertebrae. See Pedi- 
cle of vertebral arch 
Peduncular artery(-ies), 1113 
Pelvic axis, 272, 274 
Pelvic brim, 270, 273 
Pelvic diaphragm, 498, 501, 504 
inferior fascia of, 501, 503, 504, 505 
superior fascia of, 501, 501, 504 
Pelvic fascia, 500-501, 501, 502, 504 
Pelvic girdle, 226, 261 
anterior arch of, 364 
posterior arch of, 364 
Pelvic plexus, 1252, 1269, 1271-1272 
Pelvic sacral foramen(-ina), 139-140, 
139 
Pelvis, 266, 270-275, 271, 272, 273 
arteries of, 748-760 
articulations of, 360-366, 361, 362 
diameters of, 271, 272, 272, 274 
false (greater), 271 
inclination of, 274 
lesser, 271-274, 271, 272 
lymphatics of, 896-912, 897, 909, 
910 
mechanism of, 364-366 
muscles and fasciae of, 498-501, 
499, 501, 502, 504 
palpation of, 107 
position of, 272, 274 
sex differences in, 273, 274-275 
veins of, 839-845, 841, 844 
visceral afferent fibers from, 1247 
Pelvis of kidney. See Renal pelvis 
Penicillar artery(-ies), 922 
Penis, 1559-1564, 1561, 1563, 1564 
development of, 1524, 1525 
fascia of, 1560-1561, 1561 
ligaments of, 1562 
muscles of, 1562 
nerves of, 1564 
structure of, 1562-1564, 1563, 1564 
vessels of, 842, 842, 1563-1564, 
1563, 1564 
Perforant path, 1065 
Perforated substance, anterior, 1053, 
1053 
posterior, 999, 1000, 1002 
Perforating artery(-ies), 765, 767-768, 
768 
1st, 768, 768 
2nd, 768-769, 768 
3rd, 768, 769 
4th, 766, 768 
Perforating branch(es) of internal 
thoracic artery, 707-708, 708 
Perforating branch(es) of palmar 
arch(es), 727, 728 
Perforating branch of peroneal ar- 
tery, 771, 774, 776, 777-778 
Perforating branch(es) of plantar 
arch, 780 
Perforating cutaneous nerve, 1235, 
1238 
Perforating fiber(s), 320 
Perforating vein(s), 850 
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Periamygdaloid area, 1054, 1054, 
1055 

Peribronchial lymphatic network, 
893 

Pericallosal artery, 690, 691, 1116, 
1120, 1121 


Pericardiacophrenic artery, 626, 707 
Pericardiacophrenic vein, 829 
Pericardial branch(es) of phrenic 
nerve, 1204, 1204 
Pericardial branch(es) of thoracic 
aorta, 728-729 
Pericardial cavity, 622-623 
development of, 38, 607, 607, 608, 
610 
lymphatics in lining of, 870 
Pericardial sinus, oblique, 622, 622 
transverse, 622, 623 
Pericardial vein(s), 828 
Pericardiophrenic ligament, 623 
Pericardiosternal ligament, inferior, 
623 
superior, 623 
Pericardiovertebral ligament, 623 
Pericardium, 621-623, 622 
development of, 38, 607, 608, 609 
fibrous, 623 
parietal, 622 
serous, 621-622 
visceral. See Epicordium 
Perichondrium, 117, 117, 311 
Perichoroidal space, 1296, 1300 
Pericyte(s), 855 
Periglomerular cell(s), 1051 
Perilymph, 1332 
Perimetiiiin lor 7 
Perimysium, 431, 591, 591 
Perineal artery, 754, 755 
Perineal body, 96, 507 
Perineal branch(es) of posterior fem- 
oral cutaneous nerve, 1236, 
1238 
Perineal compartment 
pouch), deep, 507 
superficial, 507 
Perineal ectopia testis, 1556 
Perineal fascia, external, 502, 503, 
504, 506-507 
Perineal fascial cleft, superficial, 504 
Perineal nerve, 1244-1245 
Perineal vein, 841, 843 
Perinephric lymphatic plexus, 902 
Perineum, 96-98, 501-502, 503 
arteries of, 748-760 
central tendinous point of, 96, 507 
fasciae of, 501, 502-508, 502, 503, 
504 
lymphatics of, 905-906 
muscles of, 508-512, 509, 510 
triangles of, 96, 502 
veins of, 839-845 
Periodontal membrane, 1416 
Periorbita, 1307, 1308 
Periosteal artery(-ies), 317 
Periosteal bone collar, 117, 120 
Periosteal vein(s), 317 
Periosteum, 315-316, 316 
formation of, 116 
lymphatics in, 870 
Periotic capsule, 123 


(space, 


Peripheral nervous system, 1149- 
WZ72 
Perirenal fat, 1530, 1531 
Periscleral fascial cleft, 1307, 1307 
Peritoneal cavity, 1452 
development of, 38 
Peritoneum, 1450-1463 
ligaments of, 1460 
lymphatics in, 870 
parietal, 1453-1457, 
1572 
recesses or fossae of, 1460-1463 
visceral, 1457-1460 
Perivascular fibrous capsule (of 
Glisson), 1495, 1497, 1500 
Periventricular nucleus, 1031 
preoptic, 1030 
Peroneal anastomotic nerve, 1241 
Peroneal artery, 771, 777, 778 
Peroneal lymphatic vessel(s), 915 
Peroneal nerve, common. See Com- 
mon peroneo! nerve 
deep, 1229, 1230, 1231, 1241-1243, 
1242 
superficial, 1229, 1230, 1231, 1237, 
1242, 1243 
Peroneal retinaculum, inferior, 582, 
584 
superior, 581-584, 582 
Peroneal trochlea, 296, 296, 297 
Peroneal vein(s), 849, 849 
Peroneocalcaneus externus, 580 
Peroneocalcaneus internus, 578 
Peroneocuboideus, 580 
Peroneus accessorius, 580 
Peroneus brevis, 578, 580, 582 
palpation of, 110, 111, 112 
Peroneus digiti minimi, 580 
Peroneus longus, 578, 579-580, 582 
palpation of, 110, 111, 112 
Peroneus quartus, 580 
Peroneus tertius, 574, 575, 582, 583 
Perpendicular line, 242 
Perpendicular occipital fasciculus, 
1101, 1102 
Perpendicular plate of ethmoid, 162, 
209, 209 
Perpendicular plate of palatine 
bone, 219-220, 219, 220 
Pes anserinus, 563, 572 
Pes hippocampi, 1064, 1108, 1108 
Petit, canal of, 1291, 1302 
lumbar triangle of, 87-88, 515 
Petro-occipital fissure, 169, 173 
Petrosal branch of middle meningeal 
artery, 680 
Petrosal nerve, deep. See Deep pe- 
trosol nerve 
external superficial, 1255 
greater (superficial), 1163, 1168, 
O72, 1172, 1173 
lesser, 1163, 1179, 1328 
Petrosal process, 203, 203 
Petrosal sinus(es), inferior, 171, 173, 
187, 188, 810, 812, 813, 815 
superior, 810, 812, 813, 815 
Petrosphenoidal fissure, 169 
Petrosquamous sinus, 811 
Petrotympanic fissure, 161, 169, 196, 
197, 1320, 1320 


1454, 1455, 


Petrous ganglion, 1178 
Peyer's glands (patches), 1477, 1478 
Phalangeal process(es), 1337, 1338 
Phalanx(-ges), of foot, 292, 293, 303 
ossification of, 304, 304 
palpation of, 110 
of hand, 249, 250, 255, 256, 259 
ossification of, 260, 260, 261 
palpation of, 103 
Phalanx(-ges) of organ of Corti, 
1338 
Phallus, 1524, 1525 
Pharyngeal aponeurosis, 1445-1446 
Pharyngeal artery, ascending, 78, 
668, 670, 679, 683 
Pharyngeal branch(es) of ascending 
pharyngeal artery, 671 
Pharyngeal branch(es) of glossopha- 
ryngeal nerve, 1180 
Pharyngeal branch of maxillary ar- 
tery, 682 
Pharyngeal branch of pterygopala- 
tine nerve, 1164-1165 
Pharyngeal branch(es) of recurrent 
nerve, 1187 
Pharyngeal branch(es) of superior 
cervical ganglion, 1257 
Pharyngeal branch(es) of vagus 
nerve, 1181, 1186 
Pharyngeal bursa, 1442 
Pharyngeal constrictor(s), in degluti- 
tion, 1445 
inferior, 1429, 1443, 1444, 1445, 
1445 
middle, 1429, 1443, 1444, 1445 
nerves to, 1445 
superior, 1443-1444, 1444, 1445 
Pharyngeal groove(s), outer. See 
Bronchiol groove(s) 
Pharyngeal plexus, 1180, 1181, 1186, 
1252, 1257, 1262 
Pharyngeal pouch(es), 41, 45, 46, 47 
Pharyngeal recess, 1438, 1442 
Pharyngeal tonsil, 1438, 1442 
Pharyngeal tubercle, 168, 168, 186, 
188 
Pharyngeal vein(s), 801, 804, 819 
ascending, 78 
Pharyngopalatinus, 1441 
Pharynx, 1438, 1441-1446, 1443, 1445 
development of, 1402, 1404, 1404 
lymphatics of, 884, 884 
muscles of, 1442-1445, 1444, 1445 
structure of, 1445-1446 
visceral afferent fibers from, 1246 
Pheochrome body(-ies), 1607 
Pheochrome cell(s), 1604 
Philtrum, 48, 50 
Phrenic artery(-ies), inferior, 732, 
746-747 
superior, 731 
Phrenic ganglion, 1205, 1270 
Phrenic nerve, 1181, 1183, 1184, 1200, 
1203-1205, 1204, 1256, 1258, 
1261, 1262 
accessory, 1207 
development of, 45 
surface markings for, 79 
Phrenic plexus, 1270 
Phrenic vein, inferior, 827, 836 


Phrenicocolic ligament, 1452, 1453, 
1455, 1459 
Phrenicocostal sinus, 84, 1381, 1382, 
1382 
Phrenicolienal ligament, 919, 1453, 
1455 
Phrenicopericardiac ligament, right, 
833 
Phthisical chest, 158 
Phylogeny, 2 
Physical anthropology, 6 
Pia mater, 1128, 1131-1133 
cranial, 1131-1132, 1131 
spinal, 961, 1126, 1132-1133, 1132 
Pia-glial membrane, 1131 
Pigeon breast, 157 
Pigmentation, skin, 1347 
Pili. See Hair 
Pineal body, 987, 999, 1018, 1019, 
1028, 1028 
development of, 948 
Pineal recess, 1035 
Pinealocyte(s), 1028 
Pinna, 72-73, 1315-1317, 1316, 1317 
development of, 1313 
Piriform lobe, 1053-1054, 1054, 1055 
development of, 950, 950 
Piriformis fascia, 500 
Piriformis muscle, 567, 568, 569 
Pisiform bone, 250, 252, 252 
articulation of, 252, 252, 384~385 
ossification of, 260, 260, 262 
palpation of, 102 
Pisohamate ligament, 382, 385 
Pisometacarpal ligament, 382, 385 
Pituicyte, 1602 
Pituitary. See Hypophysis cerebri 
Pituitrin, 1604 
Placenta, 52, 58-61 
circulation in, 59, 61 
separation of, 60-61 
Placenta previa, 60 
Placental barrier, 59 . 
Placental septum(-a), 59, 61 
Planes, abdominal, 88, 91 
of body, 2, 3 
Plantar aponeurosis, 585, 585 
Plantar arterial arch, 779-780, 781 
Plantar artery, deep, 774, 776, 776 
lateral, 779-780, 780, 781 
medial, 779, 780, 781 
Plantar calcaneocuboid 
416, 417 
Plantar calcaneonavicular ligament, 
411, 415, 417-418, 417 
Plantar cuboideonavicular ligament, 
417, 419 
Plantar cuneocuboid ligament, 419 
Plantar cuneonavicular ligament, 
417, 418 
Plantar cutaneous branch(es) of 
medial plantar nerve, 1240 
Plantar digital artery(-ies), 780, 780, 
781 
Plantar digital vein(s), 848-849 
Plantar flexion, 336, 412, 413 
Plantar intercuneiform ligament(s), 
419 
Plantar intermetatarsal ligament(s), 
417, 421 


ligament, 


Plantar interosseous muscle(s), 590, 
590 
Plantar ligament(s), long, 411, 416, 
417 
of interphalangeal joints, 422 
of metatarsophalangeal joints, 422 
short, 416, 417 
Plantar metatarsal artery(-ies), 780, 
780, 781 
Plantar metatarsal vein(s), 849 
Plantar neeve, lateral (external), 
1230, 1240, 1241 
medial (internal), 1230, 1240, 1240 
Plantar surface, 2, 3 
Plantar tarsometatarsal ligament(s), 
417, 420-421 
Plantar vein, lateral, 849 
medial, 849 
Plantar venous arch, cutaneous, 848 
deep, 849 
Plantar venous network, cutaneous, 
848 
Plantaris, 576, 577, 582 
Planum nuchale, 186, 186 
ossification of, 189 
Planum occipitale, 186, 186 
ossification of, 189 
Plasma cell(s), in connective tissue, 
307 
in lymph nodes, 873 
Plasma membrane. See Cell mem- 
brane 
Plasmalemma. See Cell membrune 
Platysma, 75, 440, 444, 456 
Pleura, 1380-1383, 1381, 1382 
lymphatics of, 893 
structure of, 1383 
surface anatomy of, 83-84, 84 
Pleural branch(es) of phrenic nerve, 
1204 
Pleural canal, 44 
Pleural cavity, 38, 1380 
lymphatics in lining of, 870 
Pleuropericardial fold, 45 
Pleuroperitoneal fold, 45 
Plexiform layer of cerebral cortex, 
1076, 1077, 1078 
Plexiform nervous system. See Vis- 
ceral nervous system 
Plica(e) circularis(-es), 1473, 1474 
Plica fimbriata, 1426, 1432 
Plica gubernatrix, 1519 
Plica lacrimalis (Hasneri), 1312 
Plica semilunaris, 1438 
Plica semilunaris of conjunctiva, 72, 
1310, 1310, 1311, 1311 
Plica(e) semilunaris(-es) of large in- 
testine, 1485, 1486, 1486 
Plica sublingualis, 1432, 1435 
Plica(e) _ transversalis(-es) 
1483-1484, 1485 
Plica triangularis, 1438 
Plica(e) tubaria(e), 1570 
Plica(e) ureterica(e), 1544 
Plica(e) ventricularis(-es), 1371, 1372, 
1373 
Plica vesicalis transversa. See Trans- 
verse vesical fold(s) 
Plica(e) vocalis(-es), 1371-1373, 1372, 
1373 


recti, 
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PNA (Paris Nomina Anatomica), 5 
Pneumogastric nerve. See Vugus 
nerve 
Polar artery, inferior, 739 
superior, 739 
temporal, 1115, 1117, 1117 
Polar body(-ies), 24, 27, 28, 29 
Polocyte(s), 24, 27, 28, 29 
Polymastia, 1586 
Polymorphonuclear leukocyte(s), in 
connective tissue, 307 
Polyribosome(s), 9 
Polythelia, 1586 
Pons, 978, 981-983, 983, 984 
blood supply to, 1012-1013, 1012, 
1013, 1015, 1016 
development of, 944-945 
venous drainage of, 1015 
Ponticulus, 1316, 1316 
Pontine branch(es) of basilar artery, 
693, 700, 981, 1007, 1007 
Pontine cistern, 1127, 1128, 1129 
Pontine flexure, 941, 942 
Pontine nucleus(-i), 945 
Pontine sulcus, inferior, 981 
superior, 981 
Pontine taste area, 1090 
Pontine tegmentum, 983 
development of, 944 
Popliteal artery, 768, 769-770, 771, 
778 
palpation of, 109, 112 
Popliteal fascia, 573 
Popliteal fossa, 110-112, 110, 769-770 
Popliteal ligament, arcuate, 399, 400 
oblique, 399, 400 
Popliteal lymph node(s), 913, 914, 
916 
Popliteal nerve, lateral. See Com- 
mon peroneal nerve 
medial, 1235, 1237, 1238, 1239, 1240 
Popliteal vein, 109, 112, 849-850, 
849 
Popliteus, 577-578, 578 
Popliteus bursa, 406, 406 
Popliteus minor, 578 
Porta, 1493, 1494 
Portal canal, 1498, 1500 
Portal circulation. See under Circu- 
lation 
Portal vein, 836-837, 838 
development of, 793, 793, 794 
intrahepatic distribution of, 1495, 
1496, 1499 
Porus opticus, 1294 
Position, terms of, 2-4, 3 
Postanal gut, 1410 
Postaxial border of limb, 51 
Postcardinal vein(s), 788-790, 789, 
791, 792, 794 
Postcentral artery, 1115, 1118 
Postcentral fissure of cerebellum, 
993, 994 
Postcentral gyrus, 1037, 1038, 1040, 
1041 
Postcentral sulcus, 1037, 1038, 1040, 
1041 
Postclival fissure. See Posterior su- 
perior fissure 
Postcommissural fornix, 1068 
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Posterior antebrachial cutaneous 
nerve, 1210, 1211, 1212, 1220 

Posterior atlantoaxial ligament, 342, 
344, 345 

Posterior atlanto-occipital 
brane, 342, 342 

Posterior auricular artery, 668, 672, 
676, 679 

Posterior auricular lymph node(s). 


mem- 


See Retroauricular lymph 
node(s) 

Posterior auricular lymphatic ves- 
sel(s), 881 


Posterior auricular nerve, 1175, 1176 
Posterior auricular vein, 801, 803 
Posterior axillary fold, 81 
Posterior axillary line, 82 
Posterior axillary lymph node(s), 
889, 891 
Posterior basal segmental artery, of 
left lung, 660, 662 
of right lung, 660, 660 
Posterior basal vein, 797 
Posterior brachial cutaneous nerve, 
1220 
Posterior bronchial branch(es) of 
Vagus nerve, 1188 
Posterior cardinal vein(s), 788-790, 
789, 791, 792, 794 
Posterior cecal branch of ileocolic 
artery, 742, 742 
Posterior cerebral artery, 689, 692, 
693, 700, 701, 1110, 1111-1113, 
M12 Wis 
branches of, 690, 701-703, 702, 
1112-1113, 1116 
development of, 1110-1111, 1111 
Posterior cervical intertransverse 
muscle(s), 473 
Posterior cervical plexus, 1195 
Posterior chamber, 1291, 1294, 1300 
Posterior choroidal artery(-ies), lat- 
eral, 701-702, 702, 1112, 1113 
medial, 701, 702, 1112, 1112 
Posterior ciliary artery(-ies), long, 
686, 688 
short, 688 
Posterior clinoid process, 171, 172, 
203, 203, 204 
Posterior commissure, 1018, 1019, 
1028 
development of, 948 
Posterior common mesentery, 1406, 


1407, 1408 
Posterior communicating artery, 
689, 692, 692, 693, 1110, 1112, 
1113-1114 
Posterior coronary plexus, 1252, 
1270 


Posterior cranial fossa, 171, 172-173 
fractures of, 179 

Posterior cricoarytenoid ligament, 
1370, 1371 

Posterior cricoarytenoid muscle, 
1374, 1375, 1376 

Posterior cruciate ligament of knee, 
400, 401-402, 402, 403, 404 

Posterior crural intermuscular sep- 
tum, 573 


Posterior cuneolingual gyrus, 1047 

Posterior deep temporal nerve, 1167 

Posterior diaphragmatic lymph 
node(s), 894 

Posterior epiploic artery(-ies), 739 

Posterior ethmoidal artery, 686-687, 


686 

Posterior ethmoidal canal, 194, 209, 
209 

Posterior ethmoidal foramen, 165, 
166, 170, 171 


Posterior ethmoidal nerve, 1161 

Posterior external jugular vein, 817, 
821 

Posterior external vertebral venous 
plexus(es), 830, 830, 831 

Posterior facial vein, 802, 803, 804 

Posterior femoral cutaneous nerve, 
1235, 1236-1238, 1237, 1238, 
1244 

Posterior fontanelle, 71, 177, 177 

Posterior funiculus (dorsal f.), 962, 
963 

development of, 936, 937 

Posterior gluteal line, 262, 264, 266 

Posterior horn of lateral ventricle, 
1103, 1104, 1105, 1105, 1107, 
1108 

Posterior humeral circumflex artery, 
712, 713, 714, 714 


Posterior hypothalamic nucleus, 
1033 

Posterior ileocolic lymph node(s), 
912 


Posterior inferior cerebellar artery, 
689, 699, 700, 1008, 1009, 1014 

Posterior inferior iliac spine, 264, 
266, 267 

Posterior inferior nasal branch(es) of 
pterygopalatine nerve, 1164 

Posterior inferior pancreaticoduo- 
denal vein, 839 

Posterior intercavernous sinus, 812 
813 

Posterior intercondylar area of tibia, 
284, 286 

Posterior intercostal artery(-ies), 85, 
709, 729, 730 

Posterior intercostal vein(s), 85, 826, 
827 

Posterior intermediate spinal vein(s) 
(posterolateral s.v.), 832, 974 

Posterior intermediate sulcus, 961, 
962, 963, 963 

Posterior internal vertebral venous 
plexus(es), 830-831, 830, 831 

Posterior interosseous artery, 721, 


laa, 720 

Posterior interosseous nerve, 1220, 
1227 

Posterior interventricular sulcus, 
625 


Posterior labial branch(es) of peri- 
neal artery, 756 

Posterior labial commissure, 1580, 
1580 

Posterior labial nerve(s), 1244-1245 

Posterior lacrimal crest, 165, 166, 
Pala Pola 


Posterior lateral choroidal artery 
(-ies), 701-702, 702, 1112, 1113 
Posterior lateral nasal branch(es) of 
sphenopalatine artery, 682 
Posterior lateral sulcus, 976-977, 987 
Posterior ligament of auricula, 1317 
Posterior ligament of head of fibula, 
402, 408-409 
Posterior ligament of incus, 1326 
Posterior ligament of uterus, 1576 
Posterior longitudinal ligament, 343, 
344, 347, 347 
Posterior lymph sac(s), 867, 867 
Posterior malleolar fold, 1321, 1321 
Posterior medial choroidal artery, 
701, 702, 1192, Tz 
Posterior median septum, 962, 963 
Posterior median spinal vein, 832, 
973, 974, 975 
Posterior median sulcus (dorsal m. 
s.), of medulla oblongata, 976, 
977, 987 
of spinal cord, 961, 962, 962, 963 
development of, 937 
Posterior mediastinal lymph node(s), 
892, 894-895 
Posterior medullary feeder artery 
(-ies), 968, 969, 970 
Posterior medullary vein(s), 974, 975 
great, 976 
Posterior meningeal artery, 671 
Posterior meniscofemoral ligament, 
402, 403, 404 
Posterior nasal spine, 167, 217, 219, 
220 
Posterior neuropore, 36, 39 
Posterior oblique carpometacarpal 
ligament of thumb, 387 
Posterior obturator tubercle, 270 
Posterior orbital gyrus, 1048, 1048 
Posterior papillary muscle, of left 
ventricle, 631, 634 
of right ventricle, 633 
Posterior paraventricular nucleus of 
thalamus, 1021 
Posterior parietal artery, 1115, 1118, 


1118 

Posterior parolfactory sulcus, 1046, 
1046 

Posterior perforated substance, 999, 
1000, 1002 


Posterior position, 2, 3 

Posterior pulmonary branch(es) of 
vagus nerve, 1188 

Posterior pulmonary plexus, 1185, 
1188, 1261, 1263 

Posterior radicular vein(s), 972, 976 

Posterior ramus of lateral sulcus, 
1037, 1037, 1038 

Posterior recess of Tréltsch, 1327 

Posterior root(s). See Dorsal root(s) 

Posterior sacral foramen(-ina), 140, 
141 

Posterior sacroiliac ligament, long, 
361, 362 

short, 360-361, 362 

Posterior scapular nerve, 1205, 1207 

Posterior scrotal branch(es) of peri- 
neal artery, 754, 755 


Posterior scrotal nerve(s), 1244-1245, 
1244 
Posterior segmental artery, of left 
lung, 660, 661 
of right lung, 659, 660 
Posterior segmental vein, 795, 795 
Posterior semicircular canal, 1328, 
1329, 1330, 1330 
Posterior semicircular duct, 1332- 
1334, 1332, 1333 
Posterior septal branch(es) of sphe- 
nopalatine artery, 682 
Posterior spinal artery, 698-699, 
967-969, 967, 968, 969 
intramedullary branches 
971 
Posterior spinocerebellar tract, 979 
Posterior sternoclavicular ligament, 
367 
Posterior superior alveolar artery, 
681 
Posterior superior alveolar branch(es) 
of maxillary nerve, 1162, 1165 
Posterior superior alveolar vein(s), 
804 
Posterior superior dental branch(es) 
of maxillary nerve, 1162, 1165 
Posterior superior fissure, 992, 993, 
994 
development of, 946 
Posterior superior iliac spine, 80, 
107, 264, 264, 266, 267 
Posterior superior nasal branch(es) 
of pterygopalatine nerve, 
1151, 1164 
Posterior superior pancreaticoduo- 
denal vein, 839 
Posterior supraclavicular nerve(s), 
1201, 1202, 1210, 1211 


from, 


Posterior talocalcaneal ligament, 
411, 413 

Posterior talofibular ligament, 410, 
411, 412, 412 : 

Posterior temporal artery, 691, 1115, 
1117, 1117 


Posterior temporal branch of lateral 
occipital artery, 1113, 1116 

Posterior temporal branch of poste- 
rior cerebral artery, 690, 702- 
703 

Posterior temporal diploic vein, 814, 
814 

Posterior thalamic radiation, 1100 

Posterior thalamoperforating artery 
(-ies), 1112, 1112 

Posterior thoracic nerve, 1205, 1207- 
1209, 1208 

Posterior tibial artery, 111, 112, 771, 
776-777, 778 

Posterior tibial lymphatic vessel(s), 
915 

Posterior tibial recurrent artery, 774 

Posterior tibial vein(s), 849, 849 

Posterior tibiofibular ligament, 409, 
410, 411, 412 

Posterior tibiotalar part of deltoid 
ligament, 410, 411, 412 

Posterior triangle, of neck, 77, 78-79, 
461 


of perineum, 96, 502 
Posterior tympanic artery, 676 
Posterior ulnar recurrent artery, 718, 
720-721, 722, 725 
Posterior vagus nerve, 1184, 1188, 
1266, 1267 
branches of, 1188-1189 
Posterior vein of left ventricle, 798, 
799 
Posterior white column. See Poste- 
rior funiculus 
Posterolateral fissure, 991, 992, 994 
development of, 945-946 
Posterolateral longitudinal arterial 
trunk(s) of spinal cord. See 
Posterior spinol ortery 
Posterolateral spinal vein(s) (poste- 
rior intermediate s. v.), 832, 


974 

Posterolateral sulcus, 961, 962, 962, 
963 

Posteromedial artery(-ies), central, 
1112 


Posteromedial frontal branch of 
callosomarginal artery, 1116, 
112151121 

Postganglionic ramus. See Groy 
romus(-i) communicons(-tes) 

Postglenoid process, 195, 196-197 

Postlingual fissure, 993, 994 

Postlunate fissure. See Posterior 
superior fissure 

Postpyramidal fissure. See Second- 
ory fissure 

Postsphenoid, 207-208 

Preaortic lymph node(s), 892, 907, 
909, 909, 910, 911-912 

Preauricular lymph node(s), 880, 881, 
883 

Preauricular point, 70, 70 

Preauricular sulcus, 264 

Preaxial border of limb, 51 

Precardinal vein(s), 788-790, 789, 
791, 792, 794 

Precentral artery, 1115, 1117, 1118 

Precentral gyrus, 1037, 1038, 1039, 
1041 

Precentral sulcus, 1037, 1038, 1039, 
1041 

Precommissural fornix, 1068 

Precuneal artery, 1116, 1121, 1121 

Precuneus, 1038, 1045, 1047 

Prefrontal artery, 1115, 1117, 1118 

Preganglionic ramus. See White 
romus(-1) communicons(-tes) 

Pregeniculate nucleus, 1027 

Pregnancy, ectopic, 1571 

endometrial changes in, 54-56, 56 

mammary gland changes in, 1583 

pelvic joint changes in, 366 

sacrococcygeal joint changes in, 
309 

Pregnancy tests, 54 

Prelaryngeal lymph node(s). 886 

Premaxilla, 48, 217-218, 217 

Premolar(s), 1414, 1415, 1417 

Premotor area, 1093-1094 

Preoccipital incisure, 1037, 1038, 
1040 
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Preoptic nucleus, lateral, 1030 
medial, 1030 
Preoptic periventricular 
1030 
Preoptic region, 1030-1031, 1032 
Preoptic zone, lateral, 1030 
medial, 1030 


nucleus, 


Prepatellar bursa, subcutaneous, 
404, 406, 563 

Prepiriform area. See Lotero! olfoc- 
tory gyrus 


Prepuce, development of, 1524, 1525 
in female, 1580, 1580 
in male, 1559-1560 
Preputial gland(s), 1559-1560 
Preputial space, 1560 
Preputium. See Prepuce 
Prepyloric vein, 839 
Prepyramidal fissure, 992, 993, 994 
development of, 946 
Presacral nerve, 1271 
Presphenoid, 207 
Presubiculum, 1064, 1065 
Pretectal nucleus, 1006 
Pretectal region, 1006 
Pretracheal fascia, 453, 455 
Pretracheal lymph node(s), 886 
Prevertebral branch(es) of ascending 
pharyngeal artery, 671 
Prevertebral fascia, 453, 455-456 
Prickle cell(s), 1346-1347 
Primary fissure, 990-991, 990, 992, 
994 
development of, 946 
Primary nodule(s), 875, 875, 876, 877 
Primary organizer, 934 
Prime mover, 437 
Primitive body segments. See Som- 
ite(s) 
Primitive groove, 34, 34, 35, 36 
Primitive gut, 38, 39 
Primitive knot (node), 34, 34, 35, 934 
Primitive pit, 36 
Primitive streak, 34, 34, 35, 36, 933- 
934 
Princeps pollicis artery, 720, 725, 726, 
fats 
Principal nerve of lesser curvature, 
1188 
Principal piece of spermatozo6n, 
21, 22, 23 
Prismata adamantina, 1419 
Probe patency of foramen ovale, 
630 
Procerus, 440, 443, 444 
Processus articulares. See Articulor 
process(es) 

Processus  cochleariformis, 
1323, 1324, 1324 
Processus condylaris, 180, 182 
Processus coronoideus. See Coro- 

noid process of mondible; 
Coronoid process of ulno 
Processus spinosus. See Spinous 
process(es) 
Processus. transvefsi. 
verse process(es) 
Processus tubarius, 207 
Processus vaginalis, 1519-1520, 1521 


1322, 


See Trons- 
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Processus vermiformis. See Vermi- 
form appendix 
Processus xiphoideus. See Xiphoid 
process 
Prochordal plate, 34 
Proctodeum, 1410 
Prodentin, 1423 
Progesterone, 54, 1578 
Progravid phase, 54 
Projection fiber(s), 1098-1100 
Prolactin, 1604 
Prominence of aqueduct of Fallopius, 
1322, 132357 13223 
Prominence of facial canal, 1322, 
1323, 1329 
Prominentia canalis facialis, 1322, 
1323 hsZo 
Promontorium of tympanic cavity, 
1322-1323, 1322, 1323, 1324 
Promontory of sacrum, 139, 141, 142 
Pronation, 3, 4, 336 
Pronator quadratus, 533, 535 
Pronator ridge, 242 
Pronator teres, 102, 103, 104, 530-531, 
930, 531 
Pronephric duct, 1515, 1516 
Pronephros, 1515, 1516 
Pronucleus, female, 27, 28 
male, 27, 28 
Proper digital artery(-ies), palmar, 
723, 724, 725, 726 
plantar, 780, 780, 781 
Proper digital nerve(s), 
1240-1241 
of hand, 1215, 1216, 1217, 1219 
Proper digital vein(s), palmar, 824 
Proper hepatic artery, 734, 735, 735 
Proper palmar digital artery(-ies), 
723, 724, 725, 726 
Proper palmar digital branch of 
ulnar nerve, 1218 
Proper palmar digital vein(s), 824 
Proper plantar digital artery(-ies), 
780, 780, 781 
Prophase, 12, 13, 14 
Prosencephalon. See Forebrain 
Prostate, 1540, 1541, 1560, 1564-1566, 
1565 
development of, 1521 
lymphatics of, 870, 904, 905 
palpation of, 96, 98 
structure of, 1565-1566, 1566 
Prostatic duct(s), orifices of, 1546, 
1546 
Prostatic plexus, 1271-1272 
Prostatic sinus, 1546 
Prostatic utricle, 1522, 1546 
Prostatic venous plexus, 841, 843 
Prosubiculum, 1064, 1065 
Protein, reabsorption of, by lym- 
phatic capillaries, 876 
Protraction, 4 
Proximal direction, 4 
Proximal perforating branch(es) of 
deep palmar arch, 727, 728 
Proximal radioulnar joint. See Radi- 
oulnar joint(s), proximal 
Prussak, pouch of, 1327 
Psalterium, 1068 
Pseudogynecomastia, 1586 


of foot, 


Psoas fascla, 495, 556-557 
Psoas major, 557, 558 
Psoas minor, 557-558, 558 
Pterion, 70, 71, 159, 190, 206 
Pterion ossicle, 211 
Pterygoid branch of internal carotid 
artery, 685 
Pterygoid branch(es) of maxillary 
artery, 680 
Pterygoid canal, 161, 162, 204, 206, 
207 
Pterygoid fascia, 448-449 
Pterygoid fissure, 204, 206 
Pterygoid fossa, 182, 204, 207 
Pterygoid hamulus, 168, 168, 204, 207 
Pterygoid muscle, lateral, 451, 451, 
452 
medial, 449-450, 451, 451, 452 
Pterygoid nerve, lateral, 1167 
medial, 1166 
Pterygoid plate, lateral, 168, 168, 204, 
206-207 
medial, 167-168, 168, 204, 206-207 
Pterygoid plexus, 804-805, 804 
Pterygoid process(es), 206-207 
Pterygoid tubercle, 204, 207 
Pterygomandibular raphe, 446, 447 
Pterygomaxillary fissure, 160, 161, 
205 
Pterygopalatine canal, 161, 162 
Pterygopalatine fossa, 161, 162, 206 
Pterygopalatine ganglion, 1163, 1168, 
1172-1174, 1248, 1252 
development of, 955 
parasympathetic efferent fibers in, 
1173, 1249 
Pterygopalatine groove, 206 
Pterygopalatine nerve(s), 1163-1165 
Pterygospinous foramen, 448 
Pterygospinous ligament, 208, 448 
Pubic arch, 273, 273 
sex differences in, 273, 274 
Pubic branch of inferior epigastric 


artery, 760 
Pubic branch of obturator artery, 
753 


Pubic crest, 264, 268 
Pubic ligament, arcuate, 363, 364 
superior, 363, 364 
Pubic region, 88, 91 
Pubic symphysis, 363-364, 364 
sex differences in, 273, 274 
Pubic tubercle, 266, 268 
palpation of, 88, 107 
Pubic vein, 845 
Pubis, 263, 264, 265, 266, 268 
ossification of, 270, 270 
Pubococcygeus, 499, 499 
Pubofemoral ligament, 391, 392 
Puboprostatic ligament(s), 506, 1543 
Puborectalis, 96, 499 
Pubovaginalis, 499 
Pubovesical ligament(s), 1543 
Pubovesicalis, 1544, 1545 
Pudendal artery, accessory, 756 
See also External pudendal ar- 
tery; Internal pudendal artery 
Pudendal branch of posterior femo- 
ral cutaneous nerve, inferior, 
1236-1238 


Pudendal canal (of Alcock), 501, 504, 
505 
Pudendal cleft, 97, 1579 
Pudendal nerve, 1233, 1235, 1238, 
1244, 1244 
Pudendal plexus, 1233, 1243, 1244 
Pudendal vein(s), internal, 841, 841, 
843, 844 
superficial external, 846, 846 
Pudic nerve, internal, 1233, 1235, 
1238, 1244, 1244 
Pulmo(nes). See Lung(s) 
Pulmonary arch(es), 651, 652, 653, 
655 
Pulmonary artery, left, 659, 660-662, 
660 
right, 658-660, 659, 660 
development of, 655 
surface relations of, 85 


Pulmonary branch(es) of vagus 
nerve, anterior (ventral), 
1187-1188 


posterior (dorsal), 1188 
Pulmonary circulation, 606, 607, 648, 
657-662, 660 
Pulmonary ligament, 
1387, 1388 
Pulmonary lymph node(s), 895, 896 
Pulmonary plexus, anterior, 1188, 
1204 
posterior, 1185, 1188, 1261, 1263 
Pulmonary sinus, 633 
Pulmonary trunk, 626, 627, 657-658, 
659 
development of, 655 
orifice of, 629, 631, 633 
Pulmonary valve, 84, 85, 629, 631, 
632, 633 
development of, 615, 618 
Pulmonary vein(s), 794-797, 795, 798 
development of, 612 
inferior, left, 795, 796-797 
right, 795, 796 
superior, left, 795, 796 
right, 795-796, 795 
Pulp cavity, 1416, 1417 
Pulvinar, 1020, 1022-1023 
Punctum(-a) lacrimale(-ia), 1308, 1310, 
1311, 1372 
development of, 1290 
Pupil, 1294 
congenital atresia of, 1288 
Pupillary membrane, 1288, 1288, 
1290 
Purkinje fiber(s). See Terminal con- 
ducting (Purkinje) fiber(s) 
Putamen, 1071, 1071, 1072, 1073 
development of, 951 
Pyloric antrum, 1464, 1465 
Pyloric branch of right gastroepiploic 
artery, 737 
Pyloric canal, 1464, 1465 
Pyloric gland(s), 1469 
Pyloric lymph node(s), 898, 899, 
911 
Pyloric orifice, 1464 
Pyloric sphincter, 1469 
Pyloric vein, 839 
Pylorus, 1469 
position of, 88, 1463-1464 


1382-1383, 


Pyramid(s) of medulla oblongata, 

977-979, 978 
decussation of, 978-979, 978, 982 

Pyramid of middle ear, 1322, 1323- 
1324, 1323, 1324 

Pyramid of temporal bone, 199-200 

Pyramid of vestibule, 1328 

Pyramidal eminence, 1322, 1323-1324, 
1323, 1324 

Pyramidal fiber(s). See Corticospi- 
nal fiber(s) 

Pyramidal layer of cerebral cortex, 


external, 1076-1077, 1077, 
1078 
internal, 1077-1078, 1077, 1078, 

1079 

Pyramidal layer of hippocampus, 
1066, 1067 

Pyramidal process of palatine bone, 
220-221, 220 


Pyramidalis muscle, 491, 493 
Pyramis (vermis), 990, 991, 992, 993, 
994 


QRS wave complex, 639, 640 
Quadrangular lobule(s), 990, 992, 994 
Quadrangular space, 523, 529, 714 
Quadrate ligament, 380, 380 
Quadrate lobe of liver, 1494 
Quadratus femoris, 567, 570 
Quadratus lumborum, 465, 467, 479, 
498 
in respiration, 482, 498 
Quadratus plantae, 587-588, 587 
Quadriceps femoris, 110, 562-563 
tendon of, 558, 563 
Quadrigeminal branch(es) of poste- 
rior cerebral artery, 1112 
Quadrigeminal plate, 1003-1004 


Rachitic rosary, 157 
Radial artery, 720, 722, 724-725, 725 
collateral, 718, 718 ‘ 
palpation of, 102, 103, 104-105, 106 
Radial bursa, 542, 543 
Radial carpometacarpal ligament of 
thumb, 387 
Radial collateral artery, 718, 718 
Radial collateral ligament, 376, 377, 
382, 383, 384 
Radial fossa, 235, 237 
Radial index artery, 720, 723, 725, 727 
Radial lymphatic vessel(s), 887 
Radial nerve, 1205, 1211, 1212, 1214, 
1219-1221, 1219, 1220 
surface markings for, 100, 102, 103, 
106-107, 106 
Radial notch, 240, 241, 242 
Radial recurrent artery, 718, 720, 725, 
726 
Radial tuberosity, 241, 244, 246 
Radial vein(s), 824, 824 
Radial vein(s) of spinal cord, 972, 


973, 973 

Radiate ligament, 350, 352 

Radiate sternocostal ligament(s), 
390, 356 

Radicular artery(-ies), dorsal, 967, 
969, 970, 971 


ventral, 969, 970, 971 


Radicular vein(s), 972, 976 
Radiocarpal joint. See Wrist joint 
Radiocarpal ligament, dorsal, 383, 
384 
palmar, 382, 383-384 
Radiographic anatomy, 6 
Radiological anatomy, 6 
Radioulnar interosseous membrane, 
377, 381 
Radioulnar joint(s), distal, 381-382, 
382, 383 
palpation of, 104 
middle, 377, 378, 380-381 
proximal, 380, 380 
movements of, 378-380 
palpation of, 104 
Radius, 241, 244-249, 246, 247, 248 
articulations of, 241, 247, 248, 249 
ossification of, 245, 248-249, 248, 
249 
palpation of, 101-102, 102, 103, 104 
structure of, 248 
Radius(-i) lentis, 1303, 1303 
Radix oculomotorii, 1156 
Radix pili. See Hair 
Radix pulmonis, 1387-1388 
Ramus colli, 1177 
Ramus(-i) communicans(-tes). See 
Gruy ramus(-i) communi- 
cans(-tes); White ramus(-i) 
communicans(-tes) 
Ramus mandibulae. See Mandible 
Ramus marginalis mandibulae, 1177 
Ranine artery, 672-673, 683 
Ranine vein, 818-819, 819 
Rathke’s pouch, 949, 1600 
Recessus ellipticus, 1329, 1329, 1330, 
1331 
Recessus intersigmoideus, 1462-1463 
Recessus sphericus, 1328, 1329, 1330, 
1331 
Rectal artery, inferior, 754, 755 
middle, 749, 750, 751-752 
superior, 743, 744, 745, 745 
Rectal column(s), 1485, 1485, 1488 
Rectal examination, 96, 98 
Rectal folds, transverse, 96 
Rectal lymph node(s), superior, 901, 
912 
Rectal nerve, inferior, 1244 
Rectal nervous plexus, middle, 1271 
Rectal sinus(es), 1485, 1485 
Rectal triangle, 96 
Rectal vein(s), inferior, 841, 842, 843 
middle, 841, 842 
superior, 837, 841, 842 
Rectal venous plexus, 841, 842, 1488- 


1489, 1489 

Rectouterine excavation, 98, 99, 
1456, 1576 

Rectouterine fold. See Sacrogenital 
fold(s) 


Rectouterinus muscle, 1572, 1576 

Rectovaginal fold, 1576 

Rectovesical excavation, in female, 
1456 

in male, 1455-1456 

Rectovesical fascia, 1564-1565 

Rectovesical fold. See Sacrogenital 
fold(s) 
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Rectovesical ligament(s), 1543 
Rectovesical muscle(s), 1543 
Rectum, 1483-1485, 1483, 1484, 1485 
development of, 1409-1410, 1410 
lymphatics of, 899-901 
position of, 89, 90, 92, 92, 93, 95, 96, 
98, 99 
structure of, 1487, 1488 
Rectus abdominis, 491-493, 491, 492 
action of, 492, 495 
palpation of, 83, 86, 87 
sheath of, 489, 491, 492-493, 494 
tendinous intersection of, 88, 491, 
492 
Rectus capitis anterior muscle, 462, 
462 
Rectus capitis branch(es) of cervical 
plexus, 1202 
Rectus capitis lateralis muscle, 462, 
463 
Rectus capitis posterior major, 472, 
474, 474 
Rectus capitis posterior minor, 472, 
474, 474 
Rectus femoris, 107, 108, 109, 110, 
598, 561, 562, 563 


Rectus inferior, 1304-1305, 1305, 
1306, 1307 

Rectus lateralis, 1304-1305, 1306, 
1307 

Rectus medialis, 1304-1305, 1306, 
1307 

Rectus superior, 1304-1305, 1305, 
1306, 1307 

Recurrent artery, interosseous, 718, 
Pole fee 


radial, 718, 720, 725, 726 
tibial. See Tibial recurrent artery 
ulnar. See Ulnar recurrent artery 
Recurrent artery of Heubner, 690, 
1110, 1120, 1121 
Recurrent branch(es) of deep palmar 
arch, 728 
Recurrent branch of mandibular 
herve, 1166 
Recurrent laryngeal nerve. See Re- 
current nerve 
Recurrent meningeal branch of lac- 
rimal artery, 686 
Recurrent nerve, 1183, 1184, 1185, 
1187, 1252, 1256, 1258, 1262, 
37 7 
development of, 47 
Red nucleus, 1002-1003, 1003 
development of, 947, 947 
Red pulp of spleen, 921, 922 
Referred pain, 1245-1246 
Reflected inguinal ligament, 486-487, 
487, 490 
Regional anatomy, 6, 69-112 
Reichert’s cartilage, 125, 126 
Reid’s base line, 70, 71, 75 
Reil, limiting sulcus of, 1043, 1044 
Reissner's membrane, 1334-1335, 
1336 
Renal artery(-ies), 96, 97, 732, 746 
accessory, 746 
branches of, 1535 
development of, 657 
Renal branch of lumbar artery, 747 
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Renal calyx(-ces), 1526, 1531-1532, 
1532, 1537, 1537 
Renal collar, persistent, 834 
Renal columns, 1532 
Renal corpuscle(s), 1533 
Renal cortex, 1526, 1532, 1532 
Renal fascia, 1530, 1530, 1531 
Renal impression of liver, 1492, 1493 
Renal medulla, 1526, 1532, 1532 
Renal pelvis, 1526, 1532, 1537, 1537 
Renal plexus, 1266, 1267, 1270 
Renal pyramid(s), 1526, 1532, 1532 
Renal sinus, 1531 
Renal tubule(s), 1532-1535, 1534 
development of, 1517 
Renal vein(s), 827, 833, 835-836 
Renes. See Kidney(s) 
Respiration, movements in, 481-482 
Respiratory nerve of Bell, external, 
1205, 1207-1209, 1208 
internal. See Phrenic nerve 
Respiratory system, 1357-1398 
development of, 1357-1358, 1358 
lymphatic capillary plexuses in 
mucous membranes of, 869 
See also particular structures 
Restiform body. See Inferior cere- 
bellor peduncle(s) 
Rete testis, 1553, 1554 
Reticular cell(s), of lymph node, 868 
of thymus, 925-926 
function of, 928 
Reticular fiber(s), of connective tis- 
sue, 308, 308 
of lymph node, 873, 877 
Reticular lamina, 1338 
Reticular nucleus, 1020, 1025 
Reticuloendothelial system, 307 
Retina, 1291, 1294, 1295, 1300 
development of, 948, 1286-1287, 
1287, 1288, 1289 
structure of, 1298-1302, 1298, 1299 
Retinaculum(-a) of hip joint, 391 
Retinal artery, central. See Centro! 
retinol ortery 
Retinal vein, central, 1295, 1301-1302 
Retraction, 4 
Retroaortic lymph node(s), 909 
Retroauricular lymph node(s), 880, 
883, 885 
palpation of, 72 
Retrocecal fossa(e), 1462 
Retroduodenal artery, 736 
Retroduodenal fossa, 1461 
Retroglandular sulcus, 1562 
Retrolenticular part of internal cap- 
sule, 1100 
Retromandibular vein, 801, 803, 804 
Retroperitoneal lymph sac, 867, 867 
Retropharyngeal lymph node(s), 884, 
884 
Retrotonsillar fissure. See Second- 
ory fissure 
Retzius, colored lines of, 1419 
Rhinal sulcus, 1048 
Rhinencephalon, 1049-1058 
defined, 949-950 
development of, 945, 946, 950 
Rhodopsin, 1294, 1301 
Rhombencephalic isthmus, 941 


Khombencephalic sulcus, dorsal, 941 
Rhombencephalon. See Hindbrain 
Rhombic groove(s), 943-944 
Rhombic lip(s), 942, 943, 945, 945, 947 
Rhomboid fossa, 977, 980, 986-988, 
987 
Rhomboid ligament, 367, 367 
Rhomboid major, 81, 514, 515-516 
in respiration, 482 
Rhomboid minor, 514, 515-516 
in respiration, 482 
Rhomboid occipitalis, 516 
Rib(s), 152-158, 154, 155 
articulations of heads of, 350, 351- 
UO 2, soe 
cervical, 122, 144, 157 
development of, 122-123, 122 
floating (vertebral), 152 
movements of, 358 
lumbar, 146 
movements of, 357-358, 357, 358 
ossification of, 157 
palpation of, 82, 86, 89, 90, 93 
structure of, 157 
true (vertebrosternal), 152 
movements of, 357-358, 358 
variations of, 157-158 
vertebrochondral, 152 
movements of, 358, 358 
Ist, 154-156, 155, 157 
2nd, 155, 156 
10th, 156, 156 
11th, 156, 156, 157 
12th, 156, 156, 157 
Ribonucleic acid (RNA), 9, 19-21 
Ribosomal RNA, 20 
Ribosome(s), 8, 9, 19-20 
Rigkere wi o7 
Rima glottidis, 1373-1374 
Rima palpebrarum, 1308 
Riolan, ciliary bundle of, 441 
Risorius, 440, 444-445, 444 
Rivinus, ducts of, 1433, 1435 
notch of, 1320, 1321 
RNA (ribonucleic acid), 9, 19-21 
Rod(s), 1298, 1299, 1301 
Rod bipolar(s), 1299 
Rod nucleus(-i), 1300 
Rolando, fissure of. See Centro! sul- 
cus 
Rosenmiiller, fossa of, 1438, 1442 
lymph node of, 917 
organ of. See Epodphoron 
Rostral commissure. See Anterior 
commissure 
Rotation, 3, 4, 336 
Rotatores brevi, 471 
Rotatores cervicis, 471 
Rotatores longi, 471 
Rotatores lumborum, 471 
Rotatores thoracis, 470, 471 
Round ligament of liver. See Ligo- 
mentum teres hepotis 
Round ligament of uterus, 1571, 1572 
1575" 1575 
development of, 1524 
surface markings for, 88, 95, 96 
Round window, 1322, 1322, 1324, 
1329, 1330 
Ruga(e), 1466, 1467 


Sacciform recess of distal radioul- 
nar joint, 381 
Sacciform recess of elbow joint, 376, 
379 
Saccule, 1332, 1332, 1333 
Structure of, 1334 
Saccus endolymphaticus, 1332 
Saccus vaginalis, 1519-1520, 1521 
Sacral artery(-ies), lateral, 749, 750, 
796-757 
middle, 732, 745, 747-748 
Sacral canal, 142, 142, 143 
Sacral cornu(a), 140, 141, 141 
Sacral crest(s), intermediate, 140, 140 
lateral, 140, 141 
median, 140, 141 
Sacral foramen(-ina), pelvic, 139- 
140, 139 
posterior, 140, 141 
Sacral groove(s), 140 
Sacral hiatus, 140, 140, 142 
Sacral lymph node(s), 892, 903, 905, 
906, 908, 908 
Sacral nerve(s), dorsal primary divi- 
sions of, 1195, 1199 
roots of, 1192 
ventral primary divisions of, 1234- 
1245 
Sacral plexus, 1233, 1234, 1235, 1244, 
1252, 1269 
Sacral tuberosity, 140, 141, 141 
oacral vein(s), lateral, 842 
median, 840 
Sacral venous plexus, 842 
Sacralization, 143, 144 
Sacrococcygeal joint, 359 
Sacrococcygeal ligament, 
359, 362 
lateral, 359, 361 
ventral, 359, 361 
Sacrococcygeus dorsalis, 500 
Sacrococcygeus ventralis, 500 
Sacrogenital fold(s), 1456, 1543, 1576 
Sacroiliac joint, 360-362, 360, 361, 
362, 365 
Sacroiliac ligament, dorsal, 360-361, 
362 
interosseous, 360, 361-362 
posterior, long, 361, 362 
short, 360-361, 362 
ventral, 360, 361 
Sacrospinalis. See Erector spinoe 
Sacrospinous ligament(s), 361, 362, 
363 
palpation of, 96 
Sacrotuberous ligament, 361, 362, 
363 
sacrovertebral angle, 138, 139 
Sacrum, 139-143, 139, 140, 141, 142, 
143 
articulations of, 142 
movements of, 364-366 
ossification of, 146-147, 146 
palpation of, 96 
sex differences in, 142, 273, 274 
structure of, 142 
variations in, 142-143 
Sagittal plane, 2, 3 
Sagittal sinus, inferior, 810, 810, 
815 


dorsal, 


superior, 809-810, 809, 810, 812, 815 
sulcus for. See Sogittol sulcus 
Sagittal sulcus, of frontal bone, 193, 
193 

of occipital bone, 186, 187 

of parietal bone, 189 
Sagittal suture, 71, 158, 166 
Salivary corpuscle(s), 1439, 1439 
Salivary gland(s), 1432-1436, 1433 

accessory, 1436 

development of, 1403 

lymphatics in, 869 

structure of, 1435-1436, 1436 

surface markings for, 78 
Salivatory nucleus, superior, 944 
Salpingopalatine fold, 1442 
Salpingopharyngeal fold, 1438, 1442 


Salpingopharyngeus, 1440, 1441, 
1444-1445 

Salter, incremental lines of, 1418- 
1419 


Sampson's artery, 1571 
Santorini, cartilages of. See Cornic- 
ulote cartiloge(s) 
duct of. See Poncreotic duct, oc- 
cessory 
Saphenous branch of descending 
genicular artery, 769, 772 
Saphenous hiatus, 110, 483, 559, 560, 
560 
Saphenous nerve, 1229, 1230, 1231, 
1232-1233, 1237, 1240, 1242 
short. See Suro! nerve 
Saphenous vein(s), accessory, 846, 
846 
great, 108, 109, 110, 111, 112, 845- 
846, 846 
small, 109, 111, 112, 848, 848 
Sarcomere, 594, 596 
Sarcoplasmic reticulum, of cardiac 
muscle, 640, 643 
of skeletal muscle, 598, 598, 599 
Sartorius, 558, 561-562, 561 z 
palpation of, 107, 108, 110 
Satellite cell(s), 940 
Scala media, 1332, 1333, 1334-1336, 
1336 
Scala tympani, 1329, 1330, 1331, 1331 
Scala vestibuli, 1329, 1331, 1331 
Scalene fascia, 455 
Scalene tubercle, 155, 155 
Scalenus anterior muscle, 462, 463 
in respiration, 463, 481, 482 
Scalenus medius muscle, 462, 463 
in respiration, 463, 481, 482 
Scalenus minimus, 463 
Scalenus pleuralis muscle, 463 
Scalenus posterior muscle, 462, 463 
in respiration, 463, 481, 482 
Scalp, layers of, 69, 70 
lymphatics of, 880, 880 
muscle and fasciae of, 438-441, 
439, 440 
Scapha, 1316, 1316 
Scaphoid bone, 249, 250, 250-251, 251 
fractures of, 251, 253 
ossification of, 260, 260 
palpation of, 102 
Scaphoid fossa, 168, 204, 207 
Scapula, 228-233, 229, 230, 231 


glenoid cavity of, 103, 231, 232 
intrinsic ligaments of, 369, 370 
movements of, 374 
ossification of, 232-233, 232 
palpation of, 80, 81, 89, 99, 101 
spine of, 99, 101, 228-230, 230 
structure of, 232 
Scapular artery, 
713-714, 714 
descending (dorsal), 659, 705, 706 
Scapular ligament, transverse. See 
Tronsverse scopulor ligoment 
Scapular line, 82 
Scapular nerve, dorsal (posterior), 
1205, 1207 
Scapular notch, 230, 231 
Scapular vein, transverse, 79, 818 
Scapus pili. See Hair 
Scarf skin. See Epidermis 
Scarpa, fascia of, 483-484 
foramen of, 167, 168, 217, 217 
ganglion of. See Vestibulor gan- 
glion 
Schaeffer collateral(s), 1066, 1067 
Schindylesis, 332 
Schlemm, canal of, development 
of, 1289 
Schreger, lines of, 1419 
Schwann cell(s), 941 
Sciatic foramen, greater, 267, 273, 
360, 361, 362, 363 
lesser, 267, 273, 360, 361, 362, 363 
Sciatic nerve, 108, 109, 112, 1235, 
1238-1239, 1238 
small, 1235, 1236-1238, 1237, 1238, 
1244 
Sciatic notch(es), greater, 264, 266, 
207 gees 
lesser, 264, 266, 267, 273 
sex differences in, 274 
Sclera, 1291-1292, 1291, 1292, 1300 
development of, 1289, 1289 
structure of, 1294 
Scleral spur, 1291 
Scleral sulcus, 1291, 1291 
Sclerocorneal junction, 1291 
Sclerotome, 42, 43 
development of vertebrae from, 
119-121, 121 
Scoliosis, congenital, 144 
thoracic distortion in, 158 
Scrotal branch(es) of perineal artery, 
posterior, 754, 755 
Scrotal nerve(s), long, 1236-1238 
posterior, 1244-1245, 1244 
Scrotum, 1549-1550, 1549 
Sebaceous gland(s), 1346, 1351, 1353- 
1354 
development of, 1345 
Sebum cutaneum, 1354 
Second nerve. See Optic nerve 
Secondary fissure, 990, 993, 994 
development of, 946 
Secondary nodule(s), 875, 875 
Segmental artery(-ies) of fetus, 652, 
653, 655-657 
Segmental artery(-ies) of lung, 1389, 
1392t, 1394, 1395 
anterior, 659, 660, 661 
apical, 659, 660, 661 


circumflex, 695, 
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basal, 660 
anterior, 660, 660, 662 
lateral, 660, 660, 662 
medial, 660, 660, 662 
posterior, 660, 660, 662 
lateral, 660 
lingular, inferior, 661 
superior, 661 
medial, 660 
posterior, 659, 660, 661 
superior, 660, 660, 661-662 
Segmental spinal artery(-ies), 967, 
969, 970 
Segmental vein(s), 1393t, 1394, 1395 
anterior, 795, 796 
apical, 795, 795 
apicoposterior, 795, 796 
lateral, 795, 796 
medial, 795, 796 
posterior, 795, 795 
superior, 795, 796 
apical, 795, 796 
Segmentation nucleus, 28, 28 
Sela turcica, 172, 203 
Semicanalis musculi tensoris tym- 
pani, 200, 1322, 1324, 1324 
Semicanalis tubae auditivae, 200 
semicircular canal(s), 1328, 1329- 
1330, 1329, 1330 
lateral, 196, 197, 199, 1328, 1329, 


1330, 1330 

membranous, 1332-1334, 1332, 
1333, 1334 

Semicircular duct(s), 1332-1334, 


1332, 1333, 1334 
Semicircular line of Douglas, 492, 
494 
Semilunar fold(s). See Plico semilu- 
noris entries 
Semilunar ganglion. See Celioc gon- 
glion; Trigemino! gonglion 
Semilunar lobule(s), inferior, 990, 
tuba SiS he 
superior, 990, 992, 995 
Semilunar nucleus, 1023-1025, 1024 
Semilunar valve(s). See Aortic 
valve; Pulmonary volve 
Semimembranosus, 108, 109, 110, 
561, 567, 572-573 
Seminal duct. See Ductus deferens 
Seminal vesicle(s), 1557, 1558-1559, 
1560 
development of, 1519, 1520 
lymphatics of, 870, 904, 905 
palpation of, 96, 98 
Seminiferous tubule(s), 1553-1554, 
1553, 1555 
development of, 1518, 1519 
Semispinalis capitis, 467, 469-471, 
470 
Semispinalis cervicis, 467, 469, 472 
Semispinalis thoracis, 467, 469 
Semitendinosus, 108, 109, 110, 561, 
567, 572 
Sense organs, 5, 1283-1339 
See also particular structures 


Sensory cortex, 1081-1091, 1083, 
1084 

Sensory ganglion(-a), development 
of, 940, 940 
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Sensory root(s). See Dorsol root(s) 
Septal area, 1059-1060, 1059, 1060 
Septal branch(es) of sphenopalatine 
artery, posterior, 682 
Septal branch of superior labial ar- 
tery, 674 
Septal cartilage of nose, 162, 1359, 
1359, 1360 
Septal nucleus, lateral, 1060 
medial, 1059 
Septal papillary muscle(s), 633 
Septal region, 1059-1060, 1059, 1060 
Septal syndrome, 1060 
Septomarginal trabecula, 629, 633 
Septum I, 611, 613, 614, 618 
Septum I], 611, 613, 614, 615, 618 
Septum canalis musculotubarii, 196, 
200, 1322, 1323, 1324, 1324 
Septum pectiniforme, 1561-1562 
Septum pellucidum, 1044, 1045, 1046, 
1059, 1059, 1060 
development of, 953 
Septum primum, 611, 613, 614, 618 
Septum secundum, 611, 613, 614, 615, 
618 
Septum spurium, 612, 613, 614, 615 
Septum transversum, 44, 610, 610, 
612 
Septum verum. See Septo! oreo 
Serotonin, 307 
Serratus anterior, 520, 521 
in respiration, 482 
palpation of, 81, 83, 87, 87, 104, 105 
Serratus posterior inferior, 478-479 
in respiration, 482 
serratus posterior superior, 478 
in respiration, 482 
Sertoli, cells of, 1554, 1555 
Sesamoid bone(s), 304-305 
of lower limb, 108, 305 
of upper limb, 255, 263, 305 
Sesamoid cartilage(s), 1359, 1359, 
1360 
Seventh nerve. See Fociol nerve 
Sex, determination of, 28 
Sex chromosomes, 15 
Sharpey's fiber(s), 320 
Sheathed capillary(-ies), 922 
Short arcuate cerebral fiber(s), 1100, 
1101 
Short central artery(-ies), 1120, 1121 
Short ciliary nerve, 1157, 1158 
Short gastric artery(-ies), 736, 739 
Short gastric vein(s), 837, 838 
Short lateral central artery(-ies), 
1120, 1121 
Short medial central 
1120, 1121 
Short plantar ligament, 416, 417 
Short posterior ciliary artery(-ies), 
688 
Short posterior sacroiliac ligament, 
360-361, 362 
Short saphenous nerve. See Sural 
nerve 
Short subscapular nerve, 1205, 1208, 
1209 
Shoulder girdle, 225-226 
articulations of, 366-370 


artery(-ies), 


bones of, 226-233 
development of muscles of, 430 
Shoulder joint, 103, 369, 370-375, 371, 
372 
anastomoses around, 714 
ankylosis of, 375 
arteries of, 374 
articular capsule of, 369, 371-373, 
371, 372 
bursae around, 373-374, 525 
dislocations of, 103, 375 
ligaments of, 371-373 
movements of, 374 
muscles of, 374, 521-525 
nerves of, 374 
roentgenograms of, 237, 368 
synovial membrane of, 372, 373 
Sibson’s fascia, 475, 1382 
Sigmoid artery(-ies), 743, 744, 745 
Sigmoid flexure. See Colon 
Sigmoid lymph node(s), 901, 912 
Sigmoid sinus(es), 811, 812 
grooves for. See Sigmoid sulcus 
Sigmoid sulcus, 173 
of occipital bone, 187, 188 
of parietal bone, 191 
of temporal bone, 195, 198 
Sigmoid vein(s), 837 
Sinoatrial nodal artery, 662 
Sinuatrial node, 637 
histology of, 641 
Sinus(es). See Poronosol sinus(es); 
Venous sinus(es); particular 
sinuses 
Sinus Cervicalis, 47 
Sinus of epididymis, 1552 
Sinus of external jugular vein, 816 
Sinus piriformis, 1442 
Sinus septum, 612, 615 
Sinus tonsillaris, 47 
Sinus venarum, 628, 629 
Sinus venosus, 794 
changes in, 612 
horns of, 610 
Sinus venosus sclerae. See Schlemm, 
conol of 
Sinuspiral bundle(s), 637 
Sixth nerve. See Abducent nerve 
Skeletal system, 5 
Skeleton, 114, 115 
appendicular, 225-306 
axial, 126-225 
articulations of, 338-366 
bony, 114 
cartilaginous, 114 
development of, 114, 119-126 
membranous, 114 
See also Bone(s); particular bones 
Skene, ducts of, 1521 
paraurethral glands of, 1548 
Skin, 1345-1354 
appendages of, 1350-1354 
cleavage lines of, 1348-1349, 1349 
development of, 1345 
pigmentation of, 1347 
structure of, 1345-1350, 1346, 1348 
true. See Dermis 
vessels and nerves of, 1350 
Skull, 158-225 


age differences in, 176-178, 177, 
178 
articulation of, with vertebral col- 
umn, 341-343, 341, 342, 343, 
344 
blastemal, 123 
bones of, 179-225 
bony landmarks of, 69-71, 70 
development of, 123-126, 123, 124, 
125, 126 
exterior of, 158-170 
fractures of, 178-179 
interior of, 170-176 
malformations of, 179 
sex differences in, 178 
types of, 69 
Skullcap. See Calvorio 
Small cardiac vein, 664, 798-799, 798 
Small deep petrosal nerve, 1255 
Small omentum. See Lesser omen- 
tum 
Small saphenous vein, 109, 111, 112, 
848, 848 
Small sciatic nerve, 1235, 1236-1238, 
1237, 1238, 1244 
Smallest cardiac vein(s), 799 
Smegma, 1560 
Smell, organ of, 1283, 1284, 1285 
Solar plexus. See Celioc plexus 
Soleal line, 285, 287 
Soleus, 576-577, 576, 582 
palpation of, 110, 111, 112 
Solitary cell(s) of Meynert, 1086 
Somatic mesoderm, 43, 44, 44, 607 
Somatomotor area, primary, 1083, 
1084, 1085, 1092-1093, 1092, 
1093, 1094 
Somatopleure, 37, 38, 44 
Somatotropin, 1604 
Somesthetic receiving area(s), 1083- 
1085, 1083, 1084, 1085, 1086, 
1087, 1094 
Somite(s), 38, 39, 40, 42-44, 43 
Spatium intervaginale, 1307, 1307 
Spatium(-a) zonularium(-a), 1291, 
1302 
Speech area(s), motor, 1095, 1096 
Spermatic artery, external, 1551 
Spermatic cord, 1549, 1550-1551, 
1551 
palpation of, 97 
surface markings for, 86, 88 
Spermatic fascia, external, 487, 1550, 
1551 
internal, 496, 496, 1549, 1550, 1551, 
1551 
Spermatic nerve, external, 
1228, 1229, 1267 
Spermatic plexus, 1270-1271 
Spermatid(s), 21, 24, 1554, 1555 
Spermatocyte(s), 21, 24, 1554, 1555 
Spermatocytogenesis, 21 
Spermatogenesis, 21-23, 24 
Spermatogonium(-a), 21, 1554, 1555 
SpermatozoGn(-a), 21-23, 22, 23 
development of, 1554, 1555, 1556 
Spermiogenesis, 21-23 
Sphenoethmoidal recess, 175, 175, 
1360, 1361 


1227, 


Sphenoethmoidal suture, 165 
Sphenofrontal suture, 159, 164, 165 
Sphenoid bone, 203-208, 203, 204 
articulations of, 208 
chondrification of, 123, 124 
intrinsic ligaments of, 208 
lingula of, 172, 203, 204 
ossification of, 124, 207-208, 208 
Sphenoidal branch of otic ganglion, 
1179 
Sphenoidal concha(e), 204, 205, 207 
Sphenoidal crest, 204, 205 
Sphenoidal fontanelle, 71, 177, 178 
Sphenoidal foramen, emissary (of 
Vesalius), 171, 172, 203, 205 
Sphenoidal process of nasal septal 
cartilage, 1359 
Sphenoidal process of palatine 
bone, 219, 220, 221 
Sphenoidal rostrum, 204, 205 
Sphenoidal sinus(es), 173, 175, 176, 
203, 204, 205, 207, 1361, 1364 
development of, 208 
Sphenoidal spine, 168, 168, 203, 204, 
205 
Sphenomandibular ligament, 338, 
339, 448 
development of, 46 
Sphenopalatine artery, 682 
Sphenopalatine foramen, 161, 175, 
175, 220, 220 
Sphenopalatine ganglion. See Ptery- 
gopolotine gonglion 
Sphenopalatine nerve(s), 1163-1165 
Sphenopalatine notch, 219, 220, 221 
Sphenopalatine vein, 804-805 
Sphenoparietal sinus(es), 812, 813 
Sphenoparietal suture, 159 
Sphenopetrosal synchondrosis, 206 
Sphenosquamosal suture, 159 
Sphenozygomatic suture, 165 
Sphincter ampullae hepatopancre- 
aticae, 1476 . 
Sphincter ani externus. See External 
ono! sphincter 
Sphincter ani internus. See Internol 
anol! sphincter 
Sphincter pupillae, 1297, 1300 
development of, 1290 
Sphincter urethrae, in female, 511 
in male, 509 
Sphincter vaginae, 510, 510 
Sphincter vesicae, 1545 
Spigelian lobe, 1494 
Spina bifida, 144, 934 
Spina helicis, 1316, 1316 
Spinal accessory nerve. See Acces- 
sory nerve 
Spinal artery(-ies), segmental, 967, 
969, 970 
See also Anterior spinol ortery; 
Posterior spinol ortery 
Spinal branch(es) of ascending cer- 
vical artery, 703 
Spinal branch of iliolumbar artery, 
756 
Spinal branch of lumbar artery, 747 
Spinal branch(es) of vertebral ar- 
tery, 698 


Spinal column. See Vertebro! col- 
umn 
Spinal cord, 958, 959-976 
arterial blood supply of, 964-971, 
965, 966, 967, 968, 969, 970, 971 
composition of, 957 
development of, 936-938, 936, 937, 
938 
enlargements of, 960-961, 961 
fissures and sulci of, 961-963 
form of, 960-964, 961, 962, 963 
meninges of, 1121-1122, 1125, 1126, 
1126, 1128, 1129, 1132-1133, 
1132 
position of, 938, 938, 958, 959, 960, 
960 
segmentation of, 937-938, 960, 963 
size of, 959 
surface markings for, 80, 82 
venous drainage of, 971-976, 972, 
973, 975 
Spinal ganglion, 1192, 1192 
Spinal nerve(s), 1191-1245 
development of, 938-941, 940 
dorsal primary divisions of, 1193- 
1195, 1222 
cutaneous branches, 1196, 1197, 
1198 
structure of, 1191-1193, 1192 
ventral primary divisions of, 1195- 
1245 
Spinal nerve root(s), 963-964, 963, 
1191-1192, 1192 
development of, 937, 939 
Spinal vein(s), anterolateral, 832, 
973, 974 
median, anterior, 832, 972, 974, 975 
posterior, 832, 973, 974, 975 
posterior intermediate (postero- 
lateral), 832, 974 
Spinalis capitis, 469 
Spinalis cervicis, 469, 472 
Spinalis thoracis, 467, 469 
Spindle, 12, 13, 14 
Spinocerebellar tract, anterior, 979 
posterior, 979 
Spinous process(es), 127, 128, 129, 
129, 130, 130 
fOPMahoneat, 122 
of axis, 133, 134 
of cervical vertebrae, 131, 131 
7th, 134, 134 
of lumbar vertebrae, 137, 137, 138, 
138 
of sacral vertebrae, 140, 142 
of thoracic vertebrae, 135, 135, 136 
palpation of, 79-80 
Spiral canal of modiolus, 1331 
Spiral ganglion, 1314, 1336, 1338 
Spiral lamina, osseous, 1329, 1330, 
1331-1332, 1331 
secondary, 1329, 1332 
Spiral ligament, 1335-1336 
Spiral organ of Corti, 1335-1336, 
1336 
structure of, 1337-1338, 1337 
Spiral valve, 1501, 1502 
Splanchnic mesoderm, 43, 44, 44, 607 
Splanchnic nerve(s), 1254, 1263-1264 
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greater, 1184, 1248, 1252, 1261, 
1262, 1263-1264, 1265, 1266 
least (lowest), 1264 
lesser, 1252, 1261, 1262, 1264, 1265, 
1266 
lumbar, 1265-1266 
Splanchnology, 5 
Splanchnopleure, 37, 38, 44 
Spleen, 917-924, 918, 920 
accessory small, 917, 919 
blood vessels of, 921-923, 923 
development of, 917 
lymphatics of, 902, 923-924 
nerves of, 924 
position of, 1449, 1452 
size and weight of, 917 
structure of, 919-924, 921, 922, 923 
surface markings for, 84, 86, 89, 90, 
93-94, 94 
Splenic agenesis, 917 
Splenic artery, 734, 736, 737, 738, 
921-922 
Splenic flexure. See Colic flexure, 
left 
Splenic plexus, 1270 
Splenic vein, 837, 838, 921, 923 
Splenius capitis muscle, 466, 470 
Splenius cervicis, 466, 470 
Splenogonadal fusion, 917 
Spondylolisthesis, 144 
Sprain(s), ankle, 413 
Spring ligament, 411, 415, 417-418, 
417 
Squama frontalis. See Fronto! bone 
Squama occipitalis. See Occipitol 
bone 
Squamosal suture, 159, 159 
Stapedial artery, 655 
Stapedius, 1327 
Stapes, 1326, 1326 
development of, 1313 
Statoconia, 1334 
Stellate ganglion, 1260 
Stellate vein(s), 1534, 1536 
Stensen, duct of, 71-72, 72, 1433, 1434 
foramen of. See Incisive foromen 
Stephanion, 160 
Sternal angle, 82, 87, 149, 151, 357 
Sternal branch(es) of internal tho- 
racic artery, 707 
Sternal foramen, 149, 152 
Sternal line, lateral, 82, 91 
Sternal plate(s), 123 
Sternal puncture, 151 
Sternalis, 520 
Sternebra(e), 147 
Sternoclavicular joint, 366-368, 367 
palpation of, 103 
Sternoclavicular ligament, anterior, 
366-367, 367 
posterior, 367 
Sternoclavicularis, 521 
Sternocleidomastoid artery, 675, 679 
Sternocleidomastoid branch of su- 
perior thyroid artery, 670, 683 
Sternocleidomastoid muscle, 457, 
458, 460 
in respiration, 457, 482 
palpation of, 75, 76, 77, 83 


1666 


Neen 


Sternocleidomastoideus branch(es) 
of accessory nerve, 1189 
Sternocostal joint(s), 354-356, 356 
Sternocostal ligament(s), intra-artic- 
ular, 355, 356 
radiate, 355, 356 
Sternohyoid muscle, 77, 458, 459, 460 
Sternothyroid muscle, 459-460, 460 
Sternum, 147-152, 151, 152, 153 
articulations of, 152, 357-358 
body of, 82, 149-150, 152, 153 
development of, 123 
movements of, 357-358, 357, 358 
ossification of, 151-152, 153 
palpation of, 82 
structure of, 151 
Stomach, 1463-1469, 1464, 1467 
development of, 1402, 1405-1407, 
1405, 1406, 1407, 1408 
lymphatics of, 897-898, 898, 899 
shape and position of, 86, 88, 99, 
92, 93, 1450, 1463-1464, 1464, 
1466 
structure of, 1466-1469, 1467, 1468, 
1469, 1470, 1471 
vessels and nerves of, 1469 
Stomach bed, 1465 
Stomach teeth, 1417 
Stomodeum, 38, 39, 1402, 1403, 1403 
Straight sinus, 808, 810, 810, 815 
Stratum album medium, 1005, 1006 
Stratum album profundum, 1005, 
1006 
Stratum basale of epidermis, 1346 
Stratum basalis of endometrium, 54, 
96, 56 
Stratum cinereum, 1005, 1005 
Stratum compactum, 54, 56, 56 
Stratum corneum of epidermis, 1345, 
1346, 1347, 1348 
Stratum cylindricum, 1346 
Stratum germinativum of epidermis, 
1346, 1346, 1348 
Stratum granulosum of epidermis, 
1347, 1348 
Stratum griseum medium, 1005, 1006 
Stratum griseum profundum, 1005, 
1006 
Stratum griseum superficiale, 1005, 
1005 
Stratum lacunosum, 1066, 1067 
Stratum lemnisci, 1005-1006, 1005 
Stratum lucidum of epidermis, 1347, 
1348 
Stratum moleculare of hippocam- 
pus, 1066, 1067 
Stratum mucosum of epidermis, 
1345 
Stratum opticum of retina, 1298, 
1298, 1299 
Stratum opticum of superior collicu- 
lus, 1005, 1005 
Stratum oriens, 1066, 1067 
Stratum papillare, 1347, 1348 
Stratum pyramidalis of cerebral cor- 
tex. See Pyromidal layer of 
cerebro! cortex 
Stratum pyramidalis of hippocam- 
pus, 1066, 1067 


Stratum radiatum, 1066, 1067 

Stratum reticulare, 1347-1348, 1348 

Stratum spinosum, 1346-1347 

Stratum spongiosum, 54, 56, 56 

Stratum zonale of superior collicu- 
lus, 1005, 1005 

Stratum zonale of thalamus, 1017, 
1018 

Stria(e) medullaris(-es) of fourth 
ventricle, 980, 980, 987, 988 

Stria medullaris thalami, 1017 

otria terminalis, 1056-1057, 1057, 


1057-1058 
Striate artery(-ies), 691, 1110, 1115- 
1116 
See also Recurrent ortery of 
Heubner 


Striate cortex, 1047, 1083, 1084, 1085- 
1086, 1085, 1088, 1090 

Striate vein(s), inferior, 807 

Striatum. See Neostriotum 

Stroke, 650 

Styloglossus, 1429, 1429, 1430, 1430, 
1432 

Stylohyoid branch of facial nerve, 
1175 

Stylohyoid ligament, 446, 458 

Stylohyoid muscle, 77, 458, 458, 460 

Stylomandibular ligament, 339-340, 
339, 448, 455 

Stylomastoid artery, 676, 679 

Stylomastoid foramen, 168, 169, 198, 
200 

Stylomastoid vein, 803 

Stylopharyngeus, 1429, 1440, 1444, 
1444, 1445 

Subacromial bursa, 373, 525 

Subanconeus, 529 

Subaponeurotic space. dorsal, 549, 
549 

Subarachnoid cisterna(e), 1127-1129, 
1128, 1129 

Subarachnoid septum, 1129 

Subarachnoid space, 80, 1126-1131, 
1126, 1128, 1131 

Subarcuate fossa, 195, 199, 202, 203 

Subareolar lymphatic plexus, 890, 


891 

Subcallosal area, 1045, 1046, 1046, 
1059 

Subcapsular lymphatic plexus of 
kidney, 902 


Subcapsular sinus, 873, 875, 876, 877 
Subcardinal sinus, 790 
Subcardinal vein(s), 789, 790 
Subclavian artery(-ies), 668, 694-696, 
695, 704, 705 
collateral circulation for, 696 
development of, 654, 655, 656 
left, 694, 695, 695, 697 
right, 668, 683, 694-695 
surface markings for, 79, 80, 85, 86, 
104 
variations of, 694, 704, 705 
Subclavian lymphatic trunk, left, 
878, 890 
right, 879, 879, 890 
Subclavian triangle. See Omocla- 
viculor triongle 


f 


Subclavian vein, 79, 85, 86, 825-826 

Subclavicular lymph node(s), 890, 
891 

Subclavius, 520, 521 

Subcoracoid bursa, 373, 525 

Subcortical short arcuate fiber(s), 
1100, 1101 

Subcostal artery(-ies), 731 

Subcostal nerve, 1223, 1224, 1225, 
1227, 1228, 1266, 1267 

surface markings for, 96 

Subcostal vein(s), 828 

Subcostales muscle(s), 477 

Subcutaneous acromial bursa, 374 

Subcutaneous infrapatellar bursa, 


406 

Subcutaneous prepatellar bursa, 
404, 406, 563 

Subcutaneous space, dorsal, 541, 
949, 549 

Subdeltoid bursa, 373, 525 

Subdigastric lymph node. See 


Jugulodigostric lymph node 
Subdural space, 1125, 1126 
Subendocardial lymphatic plexus, 

870, 892 
Subepicardial lymphatic 

870, 892-893 
Subepithelial plexus of cornea, 1296 
Subiculum, 1064-1065, 1065 

formation of, 1061, 1062 
Subinguinal lymph node(s), superfi- 

cial, 915, 916, 916 
Sublatissimus dorsi bursa, 525 
Sublenticular part of internal cap- 

sule, 1100 
Sublingual artery, 672 
Sublingual duct(s), 1433, 1435 
Sublingual fossa, 180, 181 
Sublingual gland, 1432, 1433, 1435 

development of, 1403 
Sublingual vein, 818 
Sublobular vein(s), 836, 1500 
Submandibular duct, 1432, 1433, 

1435 
Submandibular fossa, 180, 181 
Submandibular ganglion, 1162, 1168, 

1174-1175, 1248 

development of, 955 
parasympathetic efferent fibers in, 

1175, 1249 
Submandibular gland(s), 1433, 1434- 

1435 

development of, 1403 
surface markings for, 78 
Submandibular lymph node(s), 880, 
881, 882, 883, 885, 886 
palpation of, 72 
Submandibular triangle, 77, 78, 461 
Submandibular vein, 802 
Submaxillary duct, 1432, 1433, 1435 
Submaxillary ganglion. See Sub- 
mondibulor ganglion 
Submaxillary gland. See Submon- 
dibular gland(s) 
Submental artery, 668, 672, 674 
Submental lymph node(s), 880, 885, 

886 

Submental triangle, 77, 78, 461 


plexus, 


Submental vein, 801, 802, 804 
Submetacentric chromosome, 15, 16 
Submucous nerve plexus, 1475, 1476, 
1478 
Suboccipital nerve, dorsal primary 
division of, 1193, 1194-1195, 
1194 
ventral primary division of, 1195- 
1198 
Suboccipital triangle, 474, 475 
Subparietal sulcus, 1045, 1046 
Subparotid lymph node(s), 883 
Subpectoralis major bursa, 525 
Subperitoneal fascia, 497 
Subpleural mediastinal plexus, 707 
Subpopliteal recess, 405 
Subsartorial canal. See Adductor 
conol 
Subsartorial plexus, 1230, 1232 
Subscapular artery, 695, 712, 713- 
714, 713 
Subscapular bursa, 373, 525 
Subscapular fascia, 522 
Subscapular fossa, 228, 229 
Subscapular lymph node(s), 889, 891 
Subscapular nerve, inferior, 1205, 
1208, 1209 
middle (long), 1205, 1208, 1210 
superior (short), 1205, 1208, 1209 
Subscapularis, 105, 520, 522-523, 
525 
Subserous fascia of abdomen, 497 
Subserous fascia of pelvis, 501, 501, 
502, 504 
Substantia adamantina. See Enomel 
Substantia eburnea. See Dentin 
Substantia ferruginea, 988 
Substantia gelatinosa, 980 
Substantia nigra, 1000-1001, 1000, 
1002, 1003 
Substantia ossea. See Cement 
Substantia propria corneae, 1295, 
1296 ’ 
Subtalar joint, 413-415, 414, 415 
movements of, 415-416, 415 
synovial cavity of, 418, 421 
Subtendinous bursa of obturator 
internus, 569 
Subtendinous calcaneal bursa, 577 
Subtendinous iliac bursa, 557, 564 
Subthalamic fasciculus, 1029 
Subthalamic nucleus, 1029 
Subthalamus, 1028-1029 
Subventricular zone, 935, 936 
Suctorial pad, 447 
Sudoriferous gland(s), 1346, 1348, 
1351, 1353, 1354 
development of, 1345 
Sulcal artery(-ies), 970-971, 970, 971 
Sulcal vein(s), 972-973, 972, 973 
Sulcus antihelicis transversus, 1316, 
1316 
Sulcus arteriae vertebralis, 132 
Sulcus(-i) brevis(-es), 1044 
Sulcus intermedius of 
1464, 1465 
Sulcus limitans, 936, 936, 941 
Sulcus limitans of rhomboid fossa, 
987, 987, 988 


stomach, 


Sulcus of corpus callosum, 1045, 
1045 

Sulcus spiralis externus, 1335, 1336 

Sulcus spiralis internus, 1336, 1336 

Sulcus tali, 291, 294, 295 

Sulcus terminalis of right atrium, 


628, 629 

Sulcus terminalis of tongue, 1404, 
1426, 1427 

Sulcus tubae auditivae, 169, 204, 
206 


Sulcus valleculae, 993 

Supercilia, 1308 

Superciliary arch (ridge), 71, 158, 
162, 163, 192, 192 

Superficial antebrachial artery, 716 

Superficial brachial artery, 716 

Superficial bulbospiral bundle, 637 

Superficial cardiac dullness, area of, 


85, 623 

Superficial cervical artery, 695, 705, 
706 

Superficial cervical lymph node(s), 
880, 881, 886 

Superficial circumflex iliac artery, 
763, 764, 766 

Superficial circumflex iliac vein, 846, 
846, 847 

Superficial dorsal vein of penis, 842, 
842 

Superficial epigastric artery, 763, 
764, 766 

Superficial epigastric vein, 846-847, 

846, 847 


Superficial external pudendal ar- 
tery, 763, 764, 766 

Superficial external pudendal vein, 
846, 846 

Superficial inguinal lymph node(s), 
915, 916, 916 

Superficial inguinal ring, 88, 97, 486, 
487, 487, 488 

Superficial labial lymphatic ves- 
sel(s), 881 

Superficial lymphatic vessel(s), 871 

Superficial middle cerebral vein, 
805, 806 

Superficial palmar arterial arch, 105, 
106, 720, 723-724, 723 

Superficial palmar branch of radial 
artery, 720, 723, 725, 726, 727 

Superficial palmar venous arch, 823- 
824 

Superficial parotid lymph node(s), 
880, 881, 883 

Superficial perineal compartment 
(space, pouch), 507 

Superficial perineal fascial cleft, 504 

Superficial peroneal nerve, 1229, 
1230, 1231, 1237, 1242, 1243 

Superficial petrosal nerve, external, 
1255 

greater, 1163, 1168, 1172, 1172, 1173 

Superficial sinuspiral bundle, 637 

Superficial structures, 4 

Superficial subinguinal 
node(s), 915, 916, 916 

Superficial temporal artery, 72, 72, 
668, 672, 676-677, 679 


lymph 
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Superficial temporal branch(es) of 
auriculotemporal nerve, 1168 
Superficial temporal vein, 801, 803, 
804 
Superficial transverse ligament of 
fingers, 545-546 
Superficial transverse metacarpal 
ligament, 545-546 
Superior alveolar artery, posterior, 
681 
Superior alveolar branch(es) of in- 
fraorbital artery, anterior, 
679, 681 
Superior alveolar branch(es) of 
maxillary nerve, 1162, 1165 
Superior alveolar vein(s), posterior, 
804 
Superior anastomotic vein, 806 
Superior articular process. See Ar- 
ticulor process(es) 
Superior basal vein, of left lung, 795, 
796 
of right lung, 795, 796 
Superior cardiac branch(es) of vagus 
nerve, 1186-1187 
Superior cardiac nerve, 1257, 1258 
Superior caroticotympanic nerve, 
1178, 1328 
Superior cerebellar artery, 689, 693, 
700, 701, 1007, 1010-1012, 1011, 
1016 
Superior cerebellar peduncle(s), 977, 
980, 983, 984, 984, 986, 987, 991, 
997, 998, 998 
Superior cerebellar vein(s), 807 
Superior cerebral vein(s), 805, 806 
Superior cervical sympathetic gan- 
glion, 1157, 1173, 1175, 1179, 
1181, 1183, 1200, 1248, 1255- 
1257 
Superior clunial nerve(s), 1195 
Superior colliculus(-i), 987, 999, 
1004-1006, 1005 
brachium of, 999, 1004, 1027 
development of, 947 
Superior costotransverse ligament, 
350, 352, 353, 355 


Superior deep cervical lymph 
node(s), 880, 881, 882, 883, 884, 
885, 887 


Superior dental branch(es) of maxil- 
lary nerve, 1162, 1165 

Superior division bronchus, 1378 

Superior duodenal fossa, 1460, 
1461 

Superior epigastric artery, 708, 709 

Superior extensor retinaculum, 574, 
981, 582, 583 

Superior fissure, posterior. See Pos- 
terior superior fissure 

Superior fovea(e), 986, 987, 988 

Superior frontal gyrus, 1037, 1038, 
1039, 1041 

Superior frontal sulcus, 1037, 1038, 
1039, 1041 

Superior fronto-occipital fasciculus, 
1102, 1102 

Superior ganglion of glossopharyn- 
geal nerve, 1178 
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Superior ganglion of vagus nerve, 
1182 
Superior gastric plexus, 1252, 1270 
Superior gemellus, 567, 570 
Superior genicular artery, lateral, 
768, 772, 772, 776, 778 
medial, 768, 770-772, 771, 772 
Superior glenohumeral ligament, 
372, 373 
Superior gluteal artery, 749, 750, 
757-758, 757, 765, 768 
Superior gluteal nerve, 1235, 1236, 
1238 
Superior gluteal vein(s), 840 
Superior hemorrhoidal artery, 743, 
744, 745, 745 
Superior hypogastric plexus, 1271 
Superior hypophyseal artery, 685 
Superior ileocecal fold, 1462 
Superior ileocecal fossa, 1462, 1462 
Superior iliac spine(s). See under 
Ilioc spine(s) 
Superior intercostal vein, left, 827, 
829 
development of, 789, 791, 791, 
792 
right, 826, 829 
Superior jugular bulb, 818 
Superior labial artery, 674, 674, 679 
Superior labial branch(es) of maxil- 
lary nerve, 1162, 1165 
Superior labial vein, 801, 802 
Superior lacrimal duct, 1312 
Superior lacrimal gland, 1311, 1311 
Superior laryngeal artery, 670, 672 
Superior laryngeal nerve, 1181, 1182, 
1183, 1186 
branches of, 78, 1376-1377 
development of, 47 
Superior lateral occipital gyrus(-i), 
1037, 1042 
Superior lateral sacral artery, 756 
Superior ligament of incus, 1326 
Superior ligament of malleus, 1320, 
1326 
Superior lingular segmental artery, 
661 
Superior lingular vein, 796 
Superior lobe bronchus, left, 1378 
right, 1378 
variations in branching of, 1389 
Superior longitudinal fasciculus, 
1101, 1102, 1102, 1103 
Superior longitudinal muscle of 
tongue, 1430, 1430 
Superior macular artery, 1302 
Superior maxillary nerve. See Mox- 
illory nerve 
Superior medullary velum, 980, 981, 
984-985, 984, 985, 986, 987, 991, 


992, 994, 996 
frenulum of, 980, 985, 996, 999, 
1004 


Superior mesenteric artery, 732, 736, 
739-740, 740, 743 
collateral circulation for, 744-745 
development of, 657 
surface markings for, 96, 97 


Superior mesenteric ganglion, 1248, 
1267 
development of, 955 
Superior mesenteric lymph node(s), 
901, 909, 911-912 
Superior mesenteric plexus, 1227, 
1252, 1271 
Superior mesenteric vein, 837-838, 
838 
Superior nasal branch(es) of ptery- 
gopalatine nerve, posterior, 
1151, 1164 
Superior nasal concha, 174, 175, 175, 
210, 210, 211 
Superior nasal meatus, 174, 175, 175, 
210, 210, 211, 1360, 1361 
Superior nuchal line, 69, 70, 166, 170, 
186, 186 
Superior oblique muscle of eyeball, 
1305, 1305, 1306, 1307 
Superior oblique muscle of head, 
472, 474, 475 
Superior occipitofrontal fasciculus, 
1102, 1102 
Superior omental recess, 1456, 1458 
Superior ophthalmic vein, 812-813, 
812, 815 
Superior orbital fissure, 162, 165, 171, 
172, 203, 204, 206 
Superior palpebral arch, 687, 687 
Superior palpebral artery, lateral, 
685 
medial, 687 
Superior palpebral vein, 802 
Superior pancreaticoduodenal ar- 
tery, 736, 737, 737 
Superior pancreaticoduodenal vein, 
anterior, 838-839, 838 
posterior, 839 
Superior parietal lobule, 1037, 1038, 
1040, 1041 
Superior pectoral nerve, 1205, 1208, 
1209, 1214, 1258 
Superior pericardiosternal ligament, 


623 

Superior peroneal retinaculum, 
081-584, 582 

Superior petrosal sinus(es), 810, 812, 
813, 815 

Superior pharyngeal constrictor, 


1443-1444, 1444, 1445 
Superior phrenic artery(-ies), 731 
Superior polar artery, 739 
Superior pontine sulcus, 981 
Superior position, 2, 3 
Superior pubic ligament, 363, 364 
Superior pulmonary vein, left, 795, 

796 

right, 795-796, 795 
Superior rectal artery, 743, 744, 745, 

745 
Superior rectal lymph node(s), 901, 

912 
Superior rectal vein, 837, 841, 842 
Superior sagittal sinus, 809-810, 809, 

810, 812, 815 

sulcus for. See Sogittol sulcus 
Superior salivatory nucleus, 944 


Superior segmental artery, of left 
lung, 660, 661-662 
of right lung, 660, 660 
Superior segmental vein, 795, 796 
apical, 795, 796 
Superior semicircular canal, 1328, 
1329-1330, 1329, 1330 
Superior semilunar lobule(s), 990, 
992, 995 
Superior subscapular nerve, 1205, 
1208, 1209 
Superior suprarenal branch(es) of 
inferior phrenic artery, 747 
Superior tarsus, 1309, 1309 
Superior temporal gyrus, 1037, 1038, 
1042-1043 
Superior temporal line, 159-160, 159, 
189, 192, 192 
surface markings for, 70, 71 
Superior temporal sulcus, 1037, 1038, 
1042 
Superior tendon of Lockwood, 1304 
Superior thyroid artery, 78, 80, 668, 
670, 672, 683 
Superior thyroid notch, 1366, 1368 
Superior thyroid vein, 78, 817, 819, 
820 
Superior tibiofibular joint, 408-409 
Superior tracheobronchial lymph 
node(s), 895, 895, 896 
Superior transverse scapular liga- 
ment, 369, 370, 371, 372 
Superior tympanic artery, 680 
Superior ulnar collateral artery, 717, 
718, 719 
Superior vena cava, 85, 799-800 
development of, 612, 616, 791-792, 
791 
left, 800 
opening of, 628, 629 
Superior vermis branch(es) of supe- 
rior cerebellar artery, 1011, 
1012 
Superior vertebral notch. See Verte- 
bro! notch(es) 
Superior vesical artery(-ies), 749, 
790, 751 
Supination, 3, 4,°396 
Supinator crest, 240, 242 
Supinator muscle, 538-539, 538, 539 
Supraacromial nerve(s), 1201, 1202, 
1210, 1211 
Supra-anal fascia, 501, 501, 504 
Supracallosal gyrus, 1060, 1062-1064 
Supracardial body(-ies). See Aortic 
parogonglion(-a) 
Supracardinal vein(s), 789, 790 
Suprachiasmatic nucleus, 1031, 1032 


Supraclavicular nerve(s), 79, 80, 
1200, 1201, 1202, 1210, 1211, 
1212 


Supraclavicular triangle. See Omo- 
clavicular triangle 
Supraclavicularis, 457 
Supracommissural septum. See Sep- 
tum pellucidum 
Supracondylar process, 239 
Supracondylar ridge, lateral, 234 


medial, 101, 234 
Supracondyloid foramen, 239 
Supracostalis muscle, 476 
Supraduodenal artery, 736 
Supraglenoid tubercle, 231, 232 
Suprahyoid aponeurosis, 457 
Suprahyoid branch of lingual artery, 
671-672, 672 
Supramarginal gyrus, 
1041, 1041 
Suprameatal spine, 161, 201 
Suprameatal triangle, 73, 74, 75, 161, 
195, 196 
Supraoptic nucleus, 1031, 1032, 1033 
Supraoptic recess, 1034, 1035 
Supraoptic region, 1031 
Supraorbital artery, 686, 686, 687 
Supraorbital foramen, 70, 71, 162, 
163, 192, 192 
Supraorbital margin, 192, 192 
Supraorbital nerve, 1158, 1160, 1164, 
1176 
surface markings for, 72, 72 
Supraorbital notch, 70, 71, 162, 163, 
192, 192 
Supraorbital vein, 801, 802, 804 
Suprapatellar bursa, 404, 405, 405, 
406, 563 
Suprapineal recess, 1035 
Suprapleural membrane. See Sib- 
son’s foscio 
Suprarenal artery(-ies), 
ment of, 657 
inferior, 746 
middle, 745-746 
superior, 747 
Suprarenal branch(es) of inferior 
phrenic artery, superior, 747 
Suprarenal branch(es) of renal ar- 
tery, inferior, 746 
Suprarenal gland(s), 1604-1607 
accessory, 1605-1606 
anatomy of, 1604-1605, 1605 . 
development of, 1604 
function of, 1607 
lymphatics of, 902 
structure of, 1606, 1606, 1607 
vessels and nerves of, 1607 
Suprarenal impression of liver, 1491 
Suprarenal plexus, 1265, 1266, 1270 
Suprarenal vein(s), 827, 836 
left, development of, 791 
Suprascapular artery, 668, 695, 703- 


1037, 1038, 


develop- 


704 

Suprascapular ligament, 369, 370, 
371,372 

Suprascapular nerve, 1205, 1208, 
1209 


Suprascapular vein. See Tronsverse 
scopulor vein 

Supraspinal ligament, 347, 349, 355 

Supraspinatous fossa, 99, 228, 230 

Supraspinatus fascia, 523 

Supraspinatus muscle, 523, 523 

Suprasplenial sulcus. See Subpari- 
etol sulcus 

Suprasternal branch of suprascapu- 
lar artery, 704 


Suprasternal nerve(s), 1201, 1202 
Suprasternal notch. See Jugulor 
notch 
Suprasternal space, 455 
Supratonsillar fossa, 1437-1438 
Supratrochlear artery, 687-688, 687 
Supratrochlear foramen, 238 
Supratrochlear lymph node(s), 888, 
889 
Supratrochlear nerve, 1158, 1160, 
1164, 1176 
Supratrochlear vein, 801, 802, 804 
Supraventricular crest, 631, 633 
Supreme intercostal artery, 683, 709 
Supreme thoracic artery, 711-712, 
712, 713 
Sural artery(-ies), 
778 
Sural branch(es) of posterior femo- 
ral cutaneous nerve, 1238 
Sural cutaneous nerve, lateral, 1237, 
1238, 1241 
medial, 1238, 1239 
Sural nerve, 1229, 1230, 1237, 1239- 
1240, 1240, 1242 
See also Suro! cutoneous nerve 
Surface anatomy, 6, 69-112 
Surgical anatomy, 6 
Suspensory ligament of axilla, 517, 
518 
Suspensory ligament(s) of breast, 
516, 1582 
Suspensory ligament of clitoris, 1581 
Suspensory ligament of eye, 1308 
Suspensory ligament of lens, 1302 
Suspensory ligament of ovary, 1567, 
1572 
Suspensory ligament of penis, 484, 
1561, 1562 
Sustentacular fiber(s), 1299, 1301 
Sustentaculum lienis, 1459 
Sustentaculum tali, 108, 296-297, 
296, 297 
Sutural bone(s), 211 
Suture(s), 332, 332 
of skull, 158-159 
See also particular sutures 
Sweat gland(s). See Sudoriferous 
glond(s) 
Sylvian fissure. See Latero! cerebro! 
sulcus 
Sylvian point, 73 
Sylvian sulcus. See Lotero! cerebro! 
sulcus 
Sylvius, cerebral aqueduct of. See 
Cerebro! oqueduct 
lateral cerebral fossa of, 954, 954, 
1042 
Sympathetic ganglion(-a), develop- 
ment of, 955 
Sympathetic nervous system, 1247- 
1249, 1248, 1251-1268 
abdominal portion of, 1264-1268, 
1265, 1266, 1267 
cephalic portion of, 1254-1255 
cervical portion of, 1255-1260, 
1256, 1258 
development of, 954-955 


768, 770, 771, 


INDEX 1669 


major. See Visceral nervous sys- 
tem 
pelvic portion of, 1233, 1268, 1269 
thoracic portion of, 1260-1264, 
1261, 1262 
usage of term, 1245 
variations in, 1251 
Sympathetic trunk, 1251-1254, 1252 
Symphysis(-es), 333, 333 
Symphysis menti, 179, 180 
Symphysis pubis. See Pubic sym- 
physis 
Synapsis, chromosomal, 21 
Synaptic glomerulus, 1027 
Synarthrosis(-es), 330-333 
Synchondrosis(-es), 333, 333 
Syncytiotrophoblast, 30, 31, 32, 33, 
33, 52, 53, 59 
Syndesmosis(-es), 332 
Synergist(s), 437 
Synovia, 333, 337 
Synovial bursa(e), 337 
Synovial cavity, 337 
Synovial fluid, 333, 337 
Synovial membrane, 337 
development of, 330, 331 
Synovial tendon sheath(s). See Ten- 
don sheoth(s) 
Systema nervosum autonomicum. 
See Viscerol nervous system 
Systemic anatomy, 5-6 
Systemic circulation, 606, 607, 648 
Systole, 639, 640 


T system, of cardiac muscle, 640 
of skeletal muscle, 598, 598, 599, 
600 
T tubule(s), of cardiac muscle, 640 
of skeletal muscle, 598, 598, 599, 
600 
T wave, 640, 640 
Taeniae coli, 1480, 1486, 1486 
Tail fold, 38, 39 
Talocalcaneal joint. See Subtolor 


joint 
Talocalcaneal ligament, anterior, 
413, 414 
interosseous, 410, 411, 413-415, 
414, 415, 418 


lateral, 410, 411, 413, 414 
medial, 411, 413, 415 
posterior, 411, 413 
Talocalcaneonavicular 
415-416, 415 
synovial cavity of, 418, 421 
Talocrural joint. See Ankle joint 
Talofibular ligament, anterior, 410, 
410, 411 
posterior, 410, 411, 412, 412 
Talonavicular ligament, dorsal, 411, 
415 
Talus, 291-295, 294, 295 
articulations of, 295 
ossification of, 304, 304 
palpation of, 108 
Tapetum, 1297 
Tarsal artery(-ies), lateral, 774, 775, 
776 


joint, 414, 
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Tarsal artery(-ies) (Continued) 
medial, 775, 776 
Tarsal bone(s), 291-300, 292, 293 
carpal bones compared to, 306 
ossification of, 303-304, 304 
palpation of, 108 
See also particular bones 
Tarsal branch of deep peroneal 
nerve, 1241-1242, 1242 
Tarsal gland(s), 1309, 1310, 1310, 1311 
Tarsal joint, transverse, 416, 418 
Tarsal plate(s), 1309, 1309 
Tarsal sinus, 291, 295 
Tarsometatarsal joint(s), 418, 419- 
421, 420 
articular capsule of, 411, 420 
synovial cavities of, 418, 419-420, 
421 
Tarsometatarsal ligament(s), dorsal, 
411, 420 
plantar, 417, 420-421 
Tarsus. See Ankle joint; Intertarsal 
Joint(s); Tarsal bone(s) 
Tarsus(-i) of eyelid, 1309, 1309 
Taste bud(s), 1283-1285, 1285 
in larynx, 1377 
Taste receiving area, 1090-1091 
Tectal plate, 1003-1004 
Tectorial membrane, 343, 343, 344 
Tectorial membrane of cochlear 
duct, 1336, 1337, 1338 
Tectum. See Midbrain tectum 
Tectum posterius, 124, 125 
Teeth, 1413-1425, 1413, 1413t, 1414 
deciduous (milk, temporary), 1413t, 
1416, 1417 
development of, 1420-1424, 1420, 
1421, 1422 
eruption of, 1424 
general characteristics of, 1413- 
1415 
permanent, 1413t, 1414, 1415-1417, 
1415 
development of, 1421-1422, 1424 
eruption of, 1424-1425, 1425 
structure of, 1416, 1417-1420, 1418, 


1419 

Tegmen tympani, 196, 199, 1319, 
1322, 1323 

Tegmental field (field H) of Forel, 
1029 


Tegmental nucleus, dorsal, 1003 
ventral, 1003 
Tegmentum. See Midbrain tegmen- 
tum; Pontine tegmentum 
Tela choroidea, of 3rd ventricle, 951, 
1034, 1108, 1108, 1109 
of 4th ventricle, 985, 996 
Telencephalon, 1035-1110 
development of, 949-954 
Telophase, 12, 13, 14 
Temporal artery, anterior, 691, 1114, 
1115, 1116, 1117 
intermediate, 691, 1115, 1117, 1117 
middle, 677, 679 
posterior, 691, 1115, 1117, 1117 
superficial, 72, 72, 668, 672, 676- 
677, 679 


Temporal bone, 194-203, 195, 196, 
197, 198 
articulations of, 195, 203 
development of, 124 
ossification of, 201-203, 202 
styloid process of, 160, 161, 168, 
169, 198, 200, 201 
Temporal branch(es) of auriculo- 
temporal nerve, superficial, 
1168 
Temporal branch(es) of facial nerve, 
1176 
Temporal branch of lateral occipital 
artery, anterior, 1113, 1116 
intermediate, 1113, 1116 
posterior, 1113, 1116 
Temporal branch(es) of maxillary 
artery, deep, 679, 680 
Temporal branch(es) of middle me- 
ningeal artery, 680 
Temporal branch of posterior cere- 
bral artery, anterior, 690, 702 
posterior, 690, 702-703 
Temporal diploic vein(s), anterior, 
814, 814 
posterior, 814, 814 
Temporal fascia, 447-448 
Temporal fossa, 159-160 
Temporal gyrus(-i), inferior, 1037, 
1038, 1043 
middle, 1037, 1038, 1043 
superior, 1037, 1038, 1042-1043 
transverse, 1043 
Temporal horn of lateral ventricle, 
1103, 1104, 1105-1108, 1105, 
1107, 1108 
Temporal line, 192, 192, 196 
See also Inferior temporal line; 
Superior temporal line 
Temporal lobe, inferomedial surface 
of, 1038, 1045, 1048-1049 
lateral surface of, 1037, 1038, 1042- 
1043 
Temporal lymphatic vessel(s), deep, 
881 
Temporal nerve(s), deep, 1166, 1167 
Temporal operculum, 1044 
development of, 954, 954 
Temporal polar artery, 1115, 1117, 
1117 
Temporal pole of cerebrum, 1036 
Temporal process of zygomatic 
bone, 224, 225 
Temporal sulcus(-i), inferior (mid- 
dle), 1037, 1038, 1042 
superior, 1037, 1038, 1042 
transverse, 1043 
See also Occipitotemporal sulcus 
Temporal vein(s), deep, 804 
middle, 801, 803 
superficial, 801, 803, 804 
Temporalis muscle, 72, 74, 449, 449, 


450 
action of, 449, 451 
Temporomalar nerve, 1157, 1158, 


1162-1163, 1162, 1176 
Temporomandibular joint, 338-341, 
339, 340 


palpation of, 71 
Temporo-occipital 
1118-1119, 1119 
Temporoparietal lymphatic  ves- 
sel(s), 880, 885 
Temporoparietalis muscle, 439-440, 
440, 441, 444 
Temporozygomatic suture, 158 
Tendinous arch of levator ani, 498, 
499, 500, 501 
Tendinous arch of pelvic fascia, 501, 
901, 504, 1576 
Tendinous intersection(s), 434, 435 
Tendinous intersection of rectus 
abdominis, 88, 491, 492 
Tendo calcaneus, 110, 111, 112, 576, 
977, 582 
Tendo cricoésophageus, 1447 
Tendon(s), histologic structure of, 
309, 309 
lymphatic capillary plexuses in, 
870 
of fingers, 534 
Tendon of conus, 636, 636 
Tendon sheath(s), of ankle, 583, 584 
of hand, 104, 533-534, 542-543, 542, 
544 
of toes, 586 
synovial, 337, 433 
Tenon, capsule of, 1307-1308, 1307 
Tensor fasciae latae, 558, 568 
palpation of, 110, 110 
Tensor palati. See Tensor veli palatini 
Tensor tympani, 1318, 1327 
Tensor veli palatini, 1440, 1440, 1441 
Tenth nerve. See Vagus nerve 
Tentorial branch of ophthalmic 
nerve, 1160 
Tentorial incisure, 1122, 1124 
Tentorium cerebelli, 1122-1123, 1123, 
1124 
Teres major, 523, 524, 525 
bursa of, 374 
palpation of, 104, 105 
Teres minor, 523, 524 
Terminal conducting (Purkinje) fi- 
ber(s), 638, 639 
histology of, 643 
Terminal nerve, 1149-1150 
Territorial matrix, 312 
Testicular appendix, 1522, 1550, 1552 
Testicular artery(-ies), 732, 746, 1551, 
1551 
development of, 657 
Testicular vein(s), 834-835, 835 
Testis(-es), 1550, 1551-1552 
coverings of, 1548-1550, 1549, 1550 
descent of, 1519-1521, 1520, 1521 
development of, 1518, 1519 
lymphatics of, 870, 904 
palpation of, 96-97 
structure of, 1553-1554, 1553, 1555 
tunics of, 1552-1553 
variations of, 1554-1556 
Tetrad(s), 21, 24 
Tetralogy of Fallot, 644 
Thalamic branch(es) of posterior 
cerebral artery, 701, 702 


artery, 1115, 


Thalamic fasciculus, 1029 
Thalamic radiation, anterior, 1099 
central, 1099 
posterior, 1100 
Thalamic tubercle, anterior, 1018, 
1019 
Thalamocortical fiber(s), 1099, 1099 
Thalamolenticular part of internal 
capsule, 1099-1100 
Thalamoperforating artery(-ies), 
posterior, 1112, 1112 
Thalamostriatal projection, 1073 
Thalamostriate artery(-ies), antero- 
lateral. See Lenticulostriote 
ortery(-ies) 
Thalamostriate vein, 806, 807 


Thalamus, 1017-1025, 1018, 1019, 
1020, 1024 

development of, 944, 945, 948, 
949 


nuclei of, 1019-1025, 1020 
taenia of, 1017 
ventral, 1028-1029 
Thebesius, valve of. See Volve of 
coronory sinus 
Theca cell(s), 1466-1467 
Theca folliculi, 1569-1570, 1569 
Thenar compartment, 546-547, 547 
Thenar muscle(s), 550-552 
Thenar septum, 546 
Thenar space, 548-549, 549 
Third nerve. See Oculomotor nerve 
Thoracic aorta, 728, 729 
aberrant artery from, 731 
Thoracic artery, internal, 85, 706- 
707, 708 
lateral, 695, 712, 713, 713 
supreme, 711-712, 712, 713 
Thoracic cardiac branch(es) of 
vagus nerve, 1187 
Thoracic duct, 876-878, 878, 892 
development of, 867, 868 
origin of, 877, 879 - 
structure of, 871-873 
Thoracic intercostal nerve(s). See 
Thorocic nerve(s) 
Thoracic intertransverse muscle(s), 
473 
Thoracic nerve(s), 85, 1222 
dorsal primary divisions of, 1195, 
1198, 1222 
long (posterior), 1205, 1207-1209, 
1208 
roots of, 1192 
surface markings for, 85, 96 
ventral primary divisions of, 1221- 
1225, 1222, 1223, 1224 
1st, 1221-1222 
12th, 1223, 1224, 1225, 1227, 1228, 
1266, 1267 
Thoracic sympathetic ganglion, 1st, 
1262-1263 
Thoracic vein, internal, 85, 827, 829 
Thoracic vertebra(e). See under Ver- 
tebro(e) 
Thoracoabdominal intercostal 
nerve(s), 1223, 1224, 1225 
surface markings for, 96 


Thoracoacromial artery, 695, 712, 
712, 713 
Thoracodorsal artery, 695, 713, 714 
Thoracodorsal nerve, 1205, 1208, 
1210 
Thoracoepigastric vein, 847-848, 847 
Thoracolumbar fascia, 465-466, 465, 
489, 514 
Thoracolumbar nervous system. See 
Sympothetic nervous system 
Thorax, arteries of, 728-748 
bony landmarks of, 82 
lines for orientation in, 82, 91 
lymphatics of, 890-896, 892, 895 
mechanism of, 357-358, 357, 358 
muscles and fasciae of, 475-482, 
478 
development of, 430 
skeleton of, 147-158, 148, 149, 150 
sex differences in, 147 
surface anatomy of, 80-85, 83, 84, 
86, 87, 89, 90, 91, 93 
veins of, 826-832 
visceral afferent fibers from, 1246 
Thymic artery(-ies), 926 
Thymic branch(es) of internal tho- 
racic artery, 707 
Thymic corpuscle(s), 925, 926, 927 
Thymic vein(s), 926 
Thymocyte(s), 925 
Thymopharyngeal duct, 924 
Thymus, 924-928, 924 
development of, 924-925 
functions of, 926-928 
involution of, 926 
lymphatics of, 893 
size and weight of, 925 
structure of, 925-926, 926, 927 
Thyroarytenoid ligament(s), infe- 
rior, 1371-1373 
Thyroarytenoid muscle, 1375-1376, 
1375, 1441 
Thyrocervical trunk, 668, 695, 703, 
704, 705 
Thyroepiglottic ligament, 1371 
Thyroepiglotticus, 1375, 1376 
Thyroglossal duct, 1596 
Thyrohyoid branch of hypoglossal 
nerve, 1190 
Thyrohyoid ligament, lateral, 1368, 
1309, 1372 
middle, 1369 
Thyrohyoid membrane, 1368, 1369, 
1370 
Thyrohyoid muscle, 458, 460, 460 
Thyroid artery, ima, 666 
inferior, 668, 695, 703 
superior, 78, 80, 668, 670, 672, 683 
Thyroid cartilage, 1366-1367, 1366, 
1368, 1370, 1372 
laryngeal prominence of, 74, 76, 
1366, 1374 
movements of, 1371 
structure of, 1369 
Thyroid ganglion, 1257 
Thyroid gland(s), 1596-1599, 1596, 
1597, 1599 
accessory, 1998 
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development of, 1596, 1596 
function of, 1598 
lymphatics of, 886 
structure of, 1598, 1598 
surface markings for, 75, 77 
vessels and nerves of, 1597, 1598- 
1599, 1599 
Thyroid ima artery, 666 
Thyroid nerve(s), 1259 
Thyroid notch, superior, 1366, 1368 
Thyroid vein(s), inferior, 817, 820, 
827, 829 
middle, 819, 820 
superior, 78, 817, 819, 820 
Thyrotropic hormone, 1598, 1604 
Thyroxin, 1598 
Tibia, 284-288, 284, 285 
articular surfaces of proximal ex- 
tremity of, 284-286, 284, 397- 
398, 397, 398 
nutrient artery of, 779 
ossification of, 286, 288, 288, 289 
palpation of, 107-108, 107, 110, 111 
structure of, 288 
Tibial artery, anterior, 111, 112, 771, 
773, 774, 776, 778 
posterior, 111, 112, 771, 776-777, 
778 
recurrent. 
ortery 
Tibial collateral ligament, 399, 400- 
401, 400, 402 
Tibial lymph node, anterior, 915-916 
Tibial lymphatic vessel(s), anterior, 
915 
posterior, 915 
Tibial nerve, 1235, 1237, 1238, 1239, 
1240 
anterior, 1229, 1230, 1231, 1241- 
1243, 1242 
Tibial recurrent artery, anterior, 772, 
774, 774, 776 
posterior, 774 
Tibial tuberosity, 284, 285, 286, 286 
palpation of, 107, 108, 110 
Tibial vein(s), anterior, 849 
posterior, 849, 849 
Tibialis anterior, 573-574, 574, 582 
palpation of, 110, 111, 112 
Tibialis posterior, 578, 579 
Tibiocalcaneal part of deltoid liga- 
ment, 410, 411, 412 
Tibiofascialis anterior, 574 
Tibiofibular joint(s), 408-409 
inferior, 409, 410 
superior, 408-409 
Tibiofibular ligament, anterior, 409, 
410, 411 
posterior, 409, 410, 411, 412 
Tibionavicular part of deltoid liga- 
ment, 410, 411 
Tibiotalar part of deltoid ligament, 
anterior, 410 
posterior, 410, 411, 412 
Tic douloureux, 1169 
of glossopharyngeal nerve, 1181 
Tissue culture, mitosis in, 12, 13, 14 
Tomes’ fiber(s), 1418, 1423 


See Tibiol recurrent 
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Tongue, 1285, 1425-1432, 1426, 1432 
development of, 1403-1404, 1404 
lymphatics of, 882-883, 883 
muscles of, 1428-1430, 1429, 1430 
structure of, 1431-1432 
vessels and nerves of, 1432 

Tonofibril(s), 1347 

Tonsil, lingual, 1285, 1427, 1431 
palatine. See Palatine tonsil 
pharyngeal, 1438, 1442 
tubal, 1325 

Tonsil(s) of cerebellum, 990, 991, 992, 

995 
Tonsilla(e) 
1478 
Tonsillar branch of facial artery, 
673, 683 
Tonsillar branch(es) of glossopha- 
ryngeal nerve, 1180 

Tonsillar lymph node. See Jugulo- 

digastric lymph node 

Tonsillar sinus, 1438 

Tonsillohemispheric branch(es) of 

posterior inferior cerebellar 
artery, 1008, 1009 

Tooth. See Teeth 

Topographical anatomy, 6, 69-112 

Torcular Herophili. See Confluence 

of sinuses 

Torus tubarius, 1324, 1438, 1442 

Torus uretericus, 1544, 1544 

Torus uterinus, 1456 

Trabeculae carneae, of left ventricle, 

634 
of right ventricle, 629, 632-633 

Trabeculae cranii, 123 

Trabecular artery(-ies), 922, 923 

Trabecular vein(s), 923, 923 

Trachea, 1377-1378, 1377 
bifurcation of, as seen through 


intestinalis(-es), 1477, 


bronchoscope, 1378-1379, 
1379 

cartilages of, 1377, 1379-1380, 
1379, 1380 


structure of, 1379-1380, 1379, 1380 
surface anatomy of, 75, 77 
Tracheal branch(es) of inferior thy- 
roid artery, 703 
Tracheal branch(es) of recurrent 
nerve, 1187 
Tracheal lymph node(s), 895, 895 
Trachealis muscle, 1379, 1380 
Tracheobronchial lymph _node(s), 
895-896, 895 
inferior, 895, 895, 896 
superior, 895, 895, 896 
Tracheotomy, 1378 
Tractus solitarius, 942, 943, 955 
Tragicus, 1317, 1317 
Tragus, 73, 1316, 1316 
Transcription, 19-21 
Transfer RNA, 20 
Transposition complex(es), 644 
Transpyloric plane, 88, 91 
Transtubercular plane, 88, 91 
Transversalis fascia, 465, 495-497, 
496, 497-498 
Transverse acetabular ligament, 393, 
393, 394, 394 


Transverse arytenoid muscle, 1375 
Transverse atlantal ligament, 132, 
132 
Transverse carpal ligament. See 
Flexor retinaculum, of hand 
Transverse cerebellar plate, 945 
Transverse cervical artery, 668, 704, 
705-706 
Transverse cervical vein, 79, 817- 
818, 817, 820 
Transverse crural ligament, 574, 581, 
082, 583 
Transverse facial artery, 668, 672, 
677 
Transverse facial vein, 801, 803 
Transverse fascia of leg, deep, 577 
Transverse fissure of brain, 1109 
Transverse humeral ligament, 372, 
383 
Transverse ligament, inferior, 409, 
412 
Transverse ligament of atlas, 343, 
344, 345-346, 345 
Transverse ligament of fingers, su- 
perficial, 545-546 
Transverse ligament of knee, 400, 
404, 405 
Transverse ligament of pelvis, 506 
Transverse menti, 445 
Transverse metacarpal ligament, 
deep, 382, 388-389, 389 
superficial, 545-546 
Transverse metatarsal ligament(s), 
deep, 421 
Transverse muscle of tongue, 1430, 
1430 
Transverse occipital sulcus, 1037, 
1038, 1041, 1041 
Transverse orbital sulcus, 1048 
Transverse pancreatic artery, 739 
Transverse pericardial sinus, 622, 
623 
Transverse plane, 2, 3 
Transverse process(es), 129, 129, 130 
formation of, 122 
of atlas, 132, 133 
of cervical vertebrae, 131, 131 
of lumbar vertebrae, 137, 137, 138, 
138 
of sacral vertebrae, 141, 142 
of thoracic vertebrae, 135, 135, 136, 
136, 137 
Transverse rectal folds, 96 
Transverse scapular ligament, infe- 
rior, 370 
superior, 369, 370, 371, 372 
Transverse scapular vein, 79, 818 
Transverse sinus(es), 810, 810, 815 
grooves for, 171, 173, 187, 187, 191 
surface markings for, 73, 74, 75 
Transverse tarsal joint, 416, 418 
Transverse temporal gyrus(-i), 1043 
Transverse temporal sulcus(-i), 1043 
Transverse vesical fold(s), 1453, 1456 
Transversospinalis muscle group, 
464, 467, 469-471, 470 
Transversus abdominis, 
491, 492 
aponeurosis of, 493, 494 


490-491, 


Transversus auriculae, 1317 
Transversus nuchae. See Occipitalis 
minor 
Transversus perinei profundus, in 
female, 510, 511 
in male, 502, 504, 508-509, 509 
Transversus perinei superficialis, in 
female, 509-510, 510 
in male, 503, 508, 509 
Transversus thoracis, 477, 478 
Trapezium, 249, 250, 252, 253 
ossification of, 260, 260 
Trapezius, 513, 514 
in respiration, 482 
palpation of, 75, 76, 77, 81, 81, 83, 


99, 101, 104 

Trapezius branch(es) of accessory 
nerve, lige 

Trapezoid bone, 249, 250, 252-253, 
253 


ossification of, 260, 260 
palpation of, 102 
Trapezoid ligament, 369-370, 369 
Trapezoid line, 226, 227 
Treitz, ligament of, 1472 
Treves, bloodless fold of, 1462, 1462, 
1463 
Triad(s), 598, 598 
Triangle(s), anal, 502 
anterior, of neck, 75-78, 77, 461 
of perineum, 96, 502 
carotid, 77-78, 77, 461, 667, 667 
cystic (of Calot), 737 
deltopectoral, 99, 522 
femoral, 107, 110, 762-763, 763 
inguinal (of Hesselbach), 95, 97, 
497 
lumbar (of Petit), 87-88, 515 
muscular, 76-77, 77, 461 
occipital, 77, 78-79, 461 
of auscultation, 81, 515 
of neck, 75-79, 77, 461 
of perineum, 96, 502 
omoclavicular (subclavian, supra- 
clavicular), 77, 79, 461 
posterior, of neck, 77, 78-79, 461 
of perineum, 96, 502 
rectal, 96 
submandibular, 77, 78, 461 
submental, 77, 78, 461 
suboccipital, 474, 475 
suprameatal, 73, 74, 75, 161, 195, 
196 
urogenital, 96, 502 
Triangular ligament(s) of liver, 1453, 
1455, 1458, 1497 
Triangular space, 523, 529, 713 
Triceps brachii, 523, 526, 527, 528- 
929 
palpation of, 81, 83, 100, 101, 102, 
104, 105 
Triceps surae, 576 
See also Gastrocnemius; Soleus 
Tricuspid valve, 84, 85, 629, 631-632, 
631, 632 
Trigeminal cave of Meckel, 1124 
Trigeminal ganglion, 1150, 1159, 1162 
Trigeminal impression, 171, 172, 196, 
199 


Trigeminal nerve (V), 1152t, 1158- 
1169, 1158, 1164, 1183 
development of, 944, 955, 957, 957 
mesencephalic nucleus of, 1002 
nucleus of spinal tract of, 980 
roots of, 978, 981-982, 984, 1159 
Trigeminal nerve pain, 1169 
Trigone of bladder, 1543-1544, 1544 
Trigone of hypoglossal nerve, 987, 
988 
Trigone of vagus nerve, 987, 988 
Trilaminated disc, 34, 35, 38, 40 
Triquetral bone, 249, 250, 251-252, 
252 
ossification of, 259-260, 260 
palpation of, 103 
Triradiate cartilage, 270 
Trochanter, greater, 275, 276, 276, 
AMM EPA § 
palpation of, 107, 110 
lesser, 275, 276, 277, 277 
third, 279 
Trochanteric bursa of gluteus maxi- 
mus, 566-567 
Trochanteric bursa of gluteus me- 
dius, 564, 567 
Trochanteric bursa of gluteus mini- 
mus, 568 
Trochanteric fossa, 275, 276 
Trochlear fovea, 164, 193 
Trochlear nerve (IV), 1150, 1152t, 
1156, 1157, 1158, 1158, 1170 
development of, 947, 957 
Trochlear notch of ulna, 104, 240, 
241, 242 
Trochlear nucleus, 1001, 1002, 1002 
Trolard, superior anastomotic vein 
of, 806 
Troltsch, recesses of, 1327 
Trophoblast, 28, 29 
in implantation, 30-33, 30, 32 
Truncal ridge(s), 614, 617, 618 
Truncus arteriosus, partitioning of, 
614-615, 617, 618 
Tuba auditiva. See Auditory tube 
Tubal tonsil, 1325 
Tuber cinereum, 1030, 1031, 1032 
Tuber frontale. See Fronto!l emi- 
nence 
Tuber omentale of liver, 1493 
Tuber omentale of pancreas, 1504 
Tuber parietale. See Parietol emi- 
nence 
Tuber vermis, 990, 992, 993, 994 
Tuberal nucleus(-i), lateral, 1032 
Tuberal region, 1031-1033 
Tuberculum cinereum, 980 
Tuberculum impar, 1403, 1404 
Tuberculum marginale, 225 
Tuberculum sellae, 171, 172, 203, 203 
Tuberomammillary nucleus, 1032 
Tubulus(-i) rectus(-i). See Renol tu- 
bule(s); Seminiferous _ tu- 
bule(s) 
Tunica adventitia, 851, 852, 852 
of arteriole, 854, 856 
of large elastic arteries, 852-859, 
852 
of lymphatic vessels, 871, 873 


of medium-sized muscular ar- 
teries, 853, 854 
of vein, 851, 854, 859, 860 
Tunica albuginea of ovary, 1568 
Tunica albuginea of testis, 1552-1553, 
1553 
development of, 1518, 1519 
Tunica conjunctiva bulbi, 1310 
Tunica conjunctiva palpebrarum, 
1310 
Tunica intima, 850-851, 851 
of arteriole, 853, 856 
of large elastic arteries, 852, 852 
of lymphatic vessels, 871 
of medium-sized muscular ar- 
teries, 853 
of vein, 851, 859, 860 
Tunica media, 851-852, 851 
of arteriole, 853-854 
of large elastic arteries, 852, 852, 
853 
of lymphatic vessels, 871, 873 
of medium-sized muscular ar- 
teries, 853, 854 
of vein, 851, 854, 859, 860 
Tunica serosa. See Peritoneum 
Tunica vaginalis, 1552, 1553 
development of, 1520, 1521 
Tunica vaginalis communis. See In- 
terno! spermotic foscio 
Tunica vasculosa of testis, 1553 
Twelfth nerve. See Hypoglossol 
nerve 
Two-cell stage, 28 
Tympanic antrum, 196, 199, 1322, 
1323, 1323 
development of, 1313 
surface markings for, 74 
Tympanic artery, anterior, 678, 679 
inferior, 671 
posterior, 676 
superior, 680 
Tympanic cavity, 196, 197, 1318, 
1319-1328, 1320, 1322, 1323, 
1324, 1326 
development of, 1313 
mucous membrane of, 1327 
muscles of, 1318, 1327 
vessels and nerves of, 1327-1328 
Tympanic lip, 1336 
Tympanic membrane, 1318, 1320, 
1321-1322, 1321 
development of, 1313 
secondary, 1322 
Tympanic nerve, 1178-1179, 1179, 


1181, 1328 

Tympanic plexus, 1178-1179, 1323, 
1327-1328 

Tympanic sulcus, 196, 200-201, 1319, 
1321 


Tympanomastoid fissure, 198, 200 
Tympanosquamosal fissure, 195, 196 
Tympanum. See Tymponic covity 
Tyson, preputial glands of, 1559-1560 


Ulna, 240-244, 240, 241, 246, 247, 248 
articulations of, 241, 243-244, 247, 
248 
ossification of, 243, 243, 245 
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palpation of, 101, 102, 103 
structure of, 243 
Ulnar artery, 102, 103, 105, 106, 719- 
P20 720, 723, 720, 720 
collateral. See Ulnor colloteral 
ortery 
recurrent. See Ulnor recurrent or- 
tery 
Ulnar branch of medial antebrachial 
cutaneous nerve, 1211 
Ulnar bursa, 542, 543 
Ulnar collateral artery, inferior, 717, 
718, 719 
superior, 717, 718, 719 
Ulnar collateral ligament, 376, 377, 
382, 383, 384 
Ulnar collateral nerve, 1220 
Ulnar lymphatic vessel{s), 887 
Ulnar nerve, 1205, 1210, 1211, 1212, 
1214, 1215, 1216, 1217-1219, 
1218, 1219 
collateral, 1220 
surface markings for, 100, 102, 103, 
106, 106 
Ulnar notch, 246 
Ulnar recurrent artery, anterior, 718, 
720, 725 
posterior, 718, 720-721, 722, 725 
Ulnar vein(s), 824, 824 
Ultimobranchial body(-ies), 47 
Umbilical artery(-ies), 39, 41, 619, 
620, 749, 751 
development of, 58, 657 
Umbilical cord, 58, 59 
attachment to placenta, 61 
Umbilical fold(s), 1453, 1454, 1543 
Umbilical hernia, 63 
Umbilical ligament, medial, 621, 750, 
750, 751 
median, 58, 1541, 1543 
Umbilical notch, 1493 
Umbilical region, 88, 91 
Umbilical vein(s), 619, 620, 792, 793- 
794, 794 
changes in, at birth, 621 
development of, 39, 41, 41, 58 
Umbilicus, 38, 86, 494 
limbo. 14621. 1321 
Uncinate fasciculus, 1100-1102, 1101, 
1102 
Uncus, 1038, 1045, 1048, 1049 
Ungual tuberosity, of foot, 303 
of hand, 259 
Unguis(-es). See Noil(s) 
Unit membrane. See Cell membrone 
Urachus, 58, 1517, 1520 
Ureter(s), 1527, 1528, 1537-1539, 1537 
development of, 1516, 1517 
lymphatics of, 902-903 
muscles of, 1545 
orifices of, 1544, 1544 
surface markings for, 94, 95, 95, 96 
variations of, 1539 
Ureteric branch(es) of middle vesical 
artery, 751 
Urethra, female, 96, 99, 1543, 1548 
development of, 1524 
lymphatics of, 904 
male, 98, 1540, 1545-1548, 1546 
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Urethra, male (Continued) 
congenital defects of, 1547-1548 
development of, 1517, 1518, 

1524-1525 
lymphatics of, 870, 904, 908 
palpation of, 96 
rupture of, 507-508 

Urethral artery, 755, 1547 

Urethral bulb, 96, 97 

Urethral crest, female, 1548 

male, 1546, 1546 
Urethral gland(s), 1547 
Urethral orifice. See External ure- 
throl orifice; Internol! urethrol 
orifice 

Urethral plate, 1524 

Urinary bladder. See Blodder 

Urinary meatus. See Externol ure- 

thro! orifice 

Urinary organ(s), 1525-1548 

development of, 1515-1517, 1516, 
1517, 1518 
lymphatics of, 902-904 
See also particular structures 
Urine, extravasation of, 507-508 
Urogenital diaphragm, 505-507 
in female, 510-511 
inferior (superficial, external) fas- 
cia of, 502, 504, 506 
superior (deep, internal) fascia of, 
502, 504, 506 

Urogenital fold, 1515-1516 

Urogenital ostium, primitive, 1524 

Urogenital sinus, 1517, 1518 

Urogenital system, 5, 1515-1586 

See also particular structures 

Urogenital triangle, 96, 502 

Urorectal septum, 1410, 1410 

Uterine artery, 752, 752, 1575 

Uterine cervix. See Cervix 

Uterine gland(s), 1577, 1577 

Uterine orifice, 1573, 1574 

Uterine plexus, 1272 

Uterine tube(s), 1570-1571, 

1572, 1574 
development of, 1522, 1523 
lymphatics of, 870, 904 
palpation of, 95, 96, 98 

Uterine vein(s), 843, 844 

Uterine venous plexus, 843, 844 

Uterosacral ligament, 1576 

Uterus, 1567, 1571-1578, 1571, 1572, 

1573, 1574 
changes in, during menstrual 

cycle, 1578 
development of, 1522-1523, 1523 
ligaments of, 1574-1576 
lymphatics of, 870, 904, 906, 907 
palpation of, 95, 96, 96, 98, 99 
position of, 1450, 1575, 1576-1577 
structure of, 1577-1578, 1577 
support of, 1576 
vessels and nerves of, 1578 

Uterus masculinus. See Prostotic 

utricle 

Utricle, 1332, 1332, 1333 

structure of, 1334 
Utriculus prostaticus, 1522, 1546 


1571, 


Uvea, 1291, 1292-1294, 1292, 1293, 
1300 
See also Choroid; Iris 
Uvula, palatine, 1413, 1437 
Uvula vermis, 990, 991, 992, 993, 994 
Uvula vesicae, 1544, 1544 


Vagina, 96, 1574, 1578-1579, 1580 
development of, 1522-1523, 1523 
lymphatics of, 870, 904-905, 907 
orifice of, 97, 1580, 1581 

Vagina bulbi, 1307-1308, 1307 

Vaginal artery(-ies), 752, 752, 1579 

Vaginal branch(es) of hepatic artery, 

1499 

Vaginal bulb, 1581 

Vaginal examination, 97-98, 99 

Vaginal plexus, 1272 

Vaginal process of sphenoid bone, 

204, 205, 207 
Vaginal process of temporal bone, 
198, 200, 201 

Vaginal vein(s), 843 

Vaginal venous plexus, 843, 844 

Vagus nerve (X), 1150, 1153t, 1181- 

1186, 1181, 1182, 1183, 1203, 
1204, 1252, 1256, 1258, 1262 
branches of, 1186-1188 
communications of, 1182-1183 
development of, 47, 955, 957, 957 
dorsal nucleus of, 988 
left, 1184-1186, 1184, 1185 
parasympathetic efferent fibers of, 
1250 
right, 1184, 1184, 1185 
roots of, 978, 979 
See also Anterior vogus nerve; 
Posterior vogus nerve 
Vallate papilla(e), 1285, 1426, 1427, 
1427 
Vallecula(e), 1369, 1373 
Valsalva, sinus of. See Aortic sinus; 
Pulmonory sinus 
Valve(s), cardiac. See Cordioc 
valve(s); particular valves 
of lymphatic vessels, 873 
of veins, 859-861, 861 
venous, of fetal heart, 612, 614, 615 
see also particular valves 

Valve of coronary sinus, 629, 630, 798 

Valvulae conniventes, 1473, 1474 

Vas(a) aberrans(-tia) of arm, 716 

Vas aberrans of Haller. See Ductu- 

lus(-1) oberrons(-tes) 

Vas deferens. See Ductus deferens 

Vas spirale, 1337, 1337 

Vas(a) vasorum, 852 

Vasa recti branch(es) of jejunal ar- 

tery, 741, 741 
Vascular mesenchyme, development 
of, 41, 41 

Vascular system, 5 
changes in, at birth, 621 
fetal, peculiarities of, 618-621, 620 
See also Artery(-ies); Heort; Lym- 

photic system; Vein(s); partic- 
ular vessels 

Vasopressin, 1604 


Vastus intermedius, 561, 562-563 
Vastus lateralis, 107, 108, 109, 110, 
998, 561, 562 
Vastus medialis, 107, 108, 109, 110, 
598, 562 
Vater, papilla (ampulla) of, 1476- 
1477, 1477, 1505 
Vegetative nervous system. See Vis- 
cerol nervous system 
Vein(s), 788-861 
deep, 797 
development of, 788-794, 789, 791, 
792, 793, 794 
histology of, 851, 854, 855-861, 855, 
860 
in bone, 317 
of abdomen, 834-839 
of head and neck, 72, 79, 801-820, 
801, 815 
of heart, 664, 798-799, 798 
of lower limb, 112, 845-850 
of pelvis and perineum, 839-845, 
841, 844 
of thorax, 826-832 
of upper limb, 105, 820-826, 822, 
824 
pulmonary. See Pulmonory vein(s) 
superficial, 797 
systemic, 797-850, 800 
valves of, 859-861, 861 
See also particular veins 
Vein of pterygoid canal, 804 
Velamentous insertion, 61 
Velum palatinum, 1413, 1437 
Vena cava. See Inferior vena covo; 
Superior vena covo 
Vena caval foramen, 479, 480 
Vena(e) comitans(-tes), 788, 797 
Vena(e) cordis minima(e), 799 
Vena(e) recta(e) of kidney, 1534, 1536 
Vena(e) vorticosa(e), 1293, 1296 
Venous lacuna(e), lateral, 809, 809 
Venous mesocardium, 622 
Venous plexus of foramen ovale, 816 
Venous plexus of hypoglossal canal, 
816 
Venous sinus(es), 797 
intracranial, 808-813, 810, 812 
confluence of, 187, 810, 811 
See also particular sinuses 
Venous valve(s) of fetal heart, 612, 
614, 615 
Ventral amygdalofugal tract, 1057, 
1058, 1058 
Ventral funiculus. See Anterior fu- 
niculus 
Ventral gray column (ventral horn), 
development of, 936, 937 
Ventral nucleus, anterior, 1019-1021 
Ventral pancreaticoduodenal — ar- 
cade, 737 
Ventral position, 2, 3 
Ventral pulmonary branch(es) of 
vagus nerve, 1187-1188 
Ventral radicular artery(-ies), 969, 
970, 971 
Ventral root(s), 963-964, 963, 1191, 
1192 


development of, 937, 939 
Ventral sacrococcygeal ligament, 
399, 361 
Ventral sacroiliac ligament, 360, 361 
Ventral tegmental nucleus, 1003 
Ventral thalamus, 1028-1029 
Ventral white column. See Anterior 


funiculus 

Ventral white commissure, 961-962, 
963 

Ventricle(s) of brain, 1103, 1104, 
1105, 1106 


development of, 941, 942 
lateral, 1102-1110, 1103, 1104, 1105, 
1106, 1107, 1108, 1109 
development of, 941, 942, 949, 
952 
3rd, 1018, 1028, 1034-1035, 1035 
4th, 983-988, 983, 984, 985, 986, 991 
5th, 1059 
Ventricle(s) of heart, capacity of, 631 
division of, 612, 613, 617 
left, 631, 634-635, 635 
musculature of, 636-637 
primitive, 608, 610, 610, 611 
right, 629, 631-633, 631 
Ventricle of larynx, 1372, 1373, 1373 
Ventricular zone, 935-936, 935 
Ventriculus. See Stomoch 
Ventriculus laryngis, 1372, 1373, 1373 
Ventromedial nucleus, 1031-1032, 
1032 
Venule(s), histology of, 859 
Vermian fossa, 187 
Vermiform appendix, 1480, 1481, 
1481 
development of, 1406, 1408 
lymphatics of, 898-899, 900 
position of, 1449, 1452 
structure of, 1487, 1487 
surface markings for, 91, 95 
Vermis, 990, 991, 992, 993, 994 
development of, 945 : 
Vermis branch(es) of posterior infe- 
rior cerebellar artery, 1008, 
1009 
Vermis branch(es) of superior cere- 
bellar artery, 1011, 1012 
Vernix caseosa, 63, 1345 
Vertebra(e), cervical, 130-134, 131, 
353, 354 
palpation of, 74, 79 
See also Atlos; Axis; Vertebro 
prominens 
coccygeal. See Coccyx 
false (fixed), 127 
general characteristics of, 129-130, 
129, 130 
lumbar, 137-139, 137, 138 
ossification of, 146, 146 
variations in, 139 
5th, 137-138, 138, 139 
movable (true), 127 
movements of, 350-351 
ossification of, 144-147, 145, 146 
sacral. See Socrum 
structure of, 130, 130 
thoracic, 134-137, 135, 136, 353 


1st, 80, 135, 136 
Oth, 135-136, 136 
10th, 136, 136 
11th, 136, 136 
12th, 136-137, 136 
See also Vertebro! orch(es); Verte- 
brol body(-ies) 
Vertebra prominens, 134, 134 
ossification of, 145 
palpation of, 74, 79, 128 
Vertebral arch(es), 129 
bifid, 139 
formation of, 121 
joints between, 347, 348-351 
separate, 139 
Vertebral artery, 668, 689, 693, 695, 
696-698, 697, 699, 700, 1007 
development of, 656 
Vertebral body(-ies), 129, 129 
formation of, 121, 121 
joints between, 346-348, 347 
of lumbar vertebrae, 137, 137, 138, 
138 
of sacral vertebrae, 139, 139 
of thoracic vertebrae, 134-135, 135 
Vertebral branch of lumbar artery, 
747 
Vertebral canal, 129, 132 
of sacrum, 142, 142, 143 
Vertebral column, 127-147, 127 
articulations of, 346-351 
with cranium, 341-343, 341, 342, 
343, 344 
curvatures of, 127, 128 
development of, 119-122, 121, 122 
ossification of, 144-147, 145, 146 
palpation of, 74, 79-80 
spinal cord and, 960, 960 
variations and anomalies of, 144 
Vertebral foramen(-ina), 129, 129 
of atlas, 132, 132 
of axis, 134, 134 
of cervical vertebrae, 131, 131, 134 
of lumbar vertebrae, 137, 138 
of thoracic vertebrae, 129, 135 
Vertebral ganglion, 1257 
Vertebral groove(s), 128 
Vertebral nerve, 1260 
Vertebral notch(es), 130 
Of dilas, aoZ 
of axis, 134 
of cervical vertebrae, 131 
of lumbar vertebrae, 137 
of thoracic vertebrae, 135, 135 
Vertebral vein(s), 819-820, 821 
accessory, 820 
anterior, 820, 821 
Vertebral venous plexus(es), 829- 
831, 830, 831, 972 
Vertical line of tibia, 287 
Vertical muscle of tongue, 1430 
Verumontanum, 1546 
Vesalius, Andreas, 1, 1 
emissary sphenoidal foramen of, 
171, 172, 203, 205 
Vesica fellea. See Gollblodder 
Vesical artery(-ies), inferior, 749, 750, 
Fo. 
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middle, 751 
superior, 749, 750, 751 
Vesical branch of obturator artery, 
753 
Vesical fold(s), transverse, 1453, 1456 
Vesical lymph node(s), anterior, 903 
lateral, 903 
Vesical plexus, 1252, 1271 
Vesical vein(s), 843 
Vesical venous plexus, 841, 843 
Vesicouterine excavation, 1456 
Vesicouterine fold, 1576 
Vesicouterine fossa, 1571, 1572, 1574 
Vesicular appendix(-ces), 1522, 1568, 
1570, 1574 
Vestibular area, 987, 988 
Vestibular branch(es) of internal 
auditory artery, 1339 
Vestibular cortical representation, 
1091 
Vestibular fissure, 1331, 1332 
Vestibular fold(s), 1371, 1372, 1373 
Vestibular ganglion, 1314, 1338 
Vestibular gland(s). See Greoter ves- 
tibulor glond(s) 
Vestibular ligament, 1370, 1371 
Vestibular lip, 1336 
Vestibular membrane, 
1336 
Vestibular nerve, 1177, 1335, 1338 
Vestibular nucleus, 945 
Vestibule of ear, 1328-1329, 1328, 
1329, 1330, 1331 
Vestibule of vagina, 1580, 1581 
Vestibulocochlear nerve (VIII), 1150, 
1153t, 1172, 1177, 1183 
development of, 944, 957, 1313- 
1314 
roots of, 978, 979 
Vestigial fold of Marshall, 612, 792 
Vibrissa(e), 1358 
Vicq d’Azyr, bundle of, 1034 
Vidian canal, 161, 162, 204, 206, 207 
Vidian nerve, 1163, 1168, 1172, 1254 
Vieusens, ansa subclavia of, 1256, 
1258, 1259 
Villus(-i), chorionic, 52-53, 53, 55, 59 
of small intestine, 1473-1474, 1474, 
1475, 1475 
Vincula brevia, 534, 534 
Vincula longa, 534, 534 
Vincula tendinum, 534, 534 
Visceral arch(es). See Bronchiol 
orch(es) 
Visceral nerve fiber(s), 1149 
afferent, 1245-1247 
Visceral nervous system, 1245-1272 
development of, 954-955 
efferent, 1247-1272, 1248 
Visceral vein(s) of fetus, 792-794 
Viscerocranium, 123 
cartilaginous, 125 
membranous, 125-126 
Visual pathway, 1086, 1089 
Visual purple, 1294, 1301 
Visual receiving area(s), 1047, 1083, 
1084, 1085-1087, 1085, 1088, 
1090 


1334-1335, 
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Vitelline artery, 41, 57, 58 
development of, 657 
Vitelline duct. See Yolk stalk 
Vitelline vein(s), 55, 57, 792-793, 792, 
793 
atrophy of, 58 
development of, 41, 41 
Vitelline venous plexus, 41, 57 
Vitellus, 25 
Vitreous body, 1291, 1302 
development of, 1289, 1289 
Vocal cord(s), inferior (true), 1371- 
1373, 1372, 1373 
superior (false), 1371, 1372, 1373 
Vocal fold(s), 1371-1373, 1372, 1373 
Vocal ligament(s), 1371-1373 
Vocal process, 1367 
Vocalis, 1376 
Volar branch of lateral antebrachial 
cutaneous nerve, 1212 
Volar carpal ligament, 541 
Volar surface, 2 
Volkmann’s canal(s), 319, 319 
Vomer, 222, 223 
Vomeronasal cartilage, 1359, 1362 
Vomeronasal nerve, 1151 
Vomeronasal organs of Jacobson, 50, 
50, 1362 
Vorticose vein(s), 1293, 1296 


Waldeyer, germinal epithelium of. 
See Germinol epithelium of 
ovory 

ring of, 1438-1439 
zona vasCulosa of, 1569 

Wernicke, secondary motor speech 
area of, 1095, 1096 

Wharton, duct of, 1432, 1433, 1435 


jelly of, 58 
White column(s). See Anterior fu- 
niculus; Latero!l funiculus; 


Posterior funiculus 

White commissure, ventral, 961-962, 
963 

White pulp of spleen, 921 

White ramus(-i) communicans(-tes), 
1192, 1193, 1251-1253, 1253 

White substance, 957 


cerebral, 1097-1102, 1097 
Willis, arterial circle of, 693-694, 693, 
1110, 1110 
cords of, 809, 809 
Windpipe. See Trocheo 
Winslow, foramen of. See Epiploic 
foramen 
Wirsung, duct of. See Pancreotic 
duct 
Wisdom tooth, 1417, 1425 
Wolffian body. See Mesonephros 
Wolffian duct. See Mesonephric 
duct 
Womb. See Uterus 
Wormian bone(s), 211 
Wrisberg, cardiac ganglion of, 1269 
cartilage of. See Cuneiform corti- 
loge(s) 
ligament of, 402, 403, 404 
nerve of. See Medio! brochiol cu- 
toneous nerve; Nervus inter- 
medius 
Wrist joint, 382-384, 382, 383, 386 
movements of, 386 
surface markings for, 104 
tendon sheaths of, 104, 533-534, 
542-543, 542, 544 


Xiphisternal junction, 82, 357 

Xiphoid process, 150-151, 151, 152 
ossification of, 151, 152, 153 
palpation of, 82, 87 

X-ray anatomy, 6 


Yolk sac, 54, 55, 56-58, 57 
appearance in afterbirth, 61 
primitive, 31, 32, 33, 33 
secondary, 33 

Yolk sac capillaries, 41 

Yolk sac cavity, 33 

Yolk stalk, 38, 58 
appearance in afterbirth, 58, 61 
surviving in adult, 58 

Y-shaped ligament, 391-392, 391, 392, 

393 


Z line, 594, 595, 596, 599, 600 
Zinn, ligament (tendon) of, 1304 
zonule of, 1302 


Zona arcuata, 1336 
Zona fasciculata, 1606, 1606, 1607 
Zona glomerulosa, 1606, 1606, 1607 
Zona incerta, 1029 
Zona orbicularis, 391, 394, 395 
Zona pectinata, 1336 
Zona pellucida, 25, 25 
after fertilization, 29, 29, 30 
Zona reticularis, 1606, 1606, 1607 
Zona vasculosa of ovary, 1569 
Zonula ciliaris, 1302 
Zuckerkandl, gland (organ) of. See 
Aortic porogonglion(-a) 
Zygomatic arch, 160 
palpation of, 70, 71 
Zygomatic bone, 162-163, 163, 224- 
225, oeaweas 
articulations of, 224, 225, 225 
ossification of, 225 
Zygomatic branch(es) 
nerve, 1176 
Zygomatic branch(es) of lacrimal 
artery, 685-686 
Zygomatic nerve, 1157, 1158, 1162- 
1163, 1162, 1176 
Zygomatic process of frontal bone, 
162, 164, 192, 192 
Zygomatic process of maxilla, 213, 
216 
Zygomatic process of 
bone, 195, 196 
Zygomatic tubercle, 70-71, 70 
Zygomaticofacial branch of zygo- 
matic nerve, 1163, 1164 
Zygomaticofacial foramen, 163, 163, 
224, 224 
Zygomaticomaxillary suture, 159, 
164 
Zygomatico-orbital artery, 672, 677 
Zygomatico-orbital foramen(-ina), 
224, 225, 225 
Zygomaticotemporal branch of zy- 
gomatic nerve, 1162-1163 
Zygomaticotemporal foramen, 225, 
225 
Zygomaticus major, 440, 444, 444 
Zygomaticus minor, 440, 443-444, 
444 


of facial 


temporal 
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